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ABSTRACT

Visible and ultraviolet light are absorbed by dust particles in the interstellar medium
and re-emits infrared radiation. Infrared Astronomical Satellite (IRAS) is the first satel-
lite which studied all-sky in the infrared region. We have systematically searched and
studied cavity like structures around the carbon-rich Asymptotic Giant Branch (AGB)
stars in the Milky Way. We made the following criteria for the selection of cavities: (i)
the core region of the cavity or loop should have minimum flux at 100 gum IRAS maps,
(i) major diameter of the cavities or loops should be > 0.3°, (iii) should be located
within 1.5° of carbon-rich (c-rich) Asymptotic Giant Branch stars, (iv) should lie in the
Galactic plane (—20° < b < 20°), and (v) no diffuse optical emission. Such low latitude
cavities (b < +£20°) are believed to be formed because of high pressure events occurred
in the past (e.g., AGB wind, supernova explosion, etc.). We studied physical properties
(dust color temperature, Planck function, dust mass, visual extinction, size, etc.) and
kinematics (spectral distribution, etc.) of 18 far infrared cavities. We present our results
in three chapters. In the first chapter, we describe the physical properties of 8 far in-
frared cavities, named CCRAS1, CCRAS2, CCRAS3, CCRAS4, CCRASS5, CCRASO,
CCRAS7 and CCRASS, which are found to be located within 0.6° from C-rich AGB
stars namely AGB0415+5441, AGB0609+1446, AGB0631+1606, AGB0633+1415,
AGB0642+0053, AGB0651+0031, AGB0939-5249 and AGB1025-5933 respectively.
The second chapter deals the physical properties of two far infrared cavities namely
CCRPAS1 and CCRPAS2 around post-AGB stars located at R.A.(J2000) = o6h 51m
54.0%, Dec.(J2000) = 01° 35’ 25" (I = 215.4° and b = 0.1°) and R.A.(J2000) = 08" 04
107.2°%, Dec.(J2000) = 37° 11° 48.0" (I = 253.0° and b = 3.0°). The last chapter de-
scribes the physical properties of eight far infrared cavities namely CASKK1, CASKK?2,
CASKK3, CASKK4, CASKKS, CASKK6, CASKK7 and CASKKS around C-rich AGB
stars AGB0141+7104, AGB0409+6105, AGB0538+1216, AGB0555+2827, AGB0617-
0634, AGB0619-0558, AGB0712-1720 and AGB1105-5451CAPI1 respectively lying
within the far infrared loops namely G125+09, G143+07, G195-11, G182+00, G212-
11, G212-11, G229-03 and G287+04 respectively. The search limit of those cavities is
found to be completed having major/minor diameter greater than 2.2/1.7 arc deg. Most
of the cavities except CASKK4, CCRPAS1 and CCRASS showed very good agreement
with Gaussian distribution in both dust color temperature and dust mass. Range of mini-
mum dust color temperature of all the cavities is found to (17.7 +1.4) K to (23.9+0.3) K
and of maximum dust color temperature is (19.5 + 0.3) K to (25.0 + 0.9) K. Minimum

offset value of dust color temperature of the cavities is 0.3 K and maximum offset value
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is 1.8 K. It means offset value of dust color temperature of all the cavities is < 1.8 K
which suggests that most of the cavities may be in thermal equilibrium. But the linear
fit between the Planck function and dust color temperature along extension and com-
pression showed non uniform distribution and dust particles are oscillating in order to
get dynamical equilibrium. It suggests that the dust particles along extension and com-
pression might be affected by external factors possibly due to nearby AGB wind. Dust
mass of the cavities ranges from 1.86 x 10?8 kg to 2.47 x 10*! kg where as the average
dust mass of each pixel of the cavities ranges from 4.93 x 10%° kg to 5.60 x 10?® kg.
Visual extinction of the cavities ranges from 0.65 x 10~ mag to 3.40 x 107> mag. It is
found that the product of visual extinction and dust color temperature of all the cavities
i.e., Ay X Ty is consistent and ranges from 0.6 X 10~* to 4.0 x 10™*. This result is also
verified by their contour maps. Contour map of dust color temperature and dust mass of
most of the cavities showed that lower temperature region is massive and vice-versa. It
suggests that the distribution of dust mass with in the core region of the cavities follows
cosmological principle i.e., their distribution is homogeneous and isotropic. Another
important fact is the contour map of dust mass and visual extinction of all the cavities
are nearly identical means they show linear relation. In certain cavities such as CCRAS7
and CCRASS, dust color temperature and dust mass follow Gaussian distribution. Most
of the cavities except CCRAS7 and CCRASS8 showed similar nature of the far infrared
spectral distribution in all four bands. A significant decrease of flux density specially
from 25 um to 60 um is noticed in most of the cavities except the cavities CCRAS7 and
CCRASS.

Key Words: ISM, IRAS, AGB stars, far infrared cavities, dust color temperature, dust

mass, Planck function, visual extinction
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CHAPTER 1

1. INTRODUCTION

1.1 Introduction

Interstellar matter are the most important particles which produce cool and dense molec-
ular clouds in the interstellar medium. Such clouds merge gravitationally and produce
giant molecular clouds. If such clouds overcome certain criteria specially Jean’s criteria,
they change in to stars. According to their mass, they are divided in to low, interme-
diate and massive stars which are in 1:1 000:10000 ratio. For very low mass stars of
masses < 0.08 Mg, no fusion takes place. Low and intermediate mass stars in the range
0.8 Mg = M < 8 Mg, lie in the asymptotic giant branch stars (Herwig, 2005). Such
AGB (asymptotic giant branch) stars are driven by nuclear burning which happens when

the star has leaved the main sequence through red giant passed the horizontal branch.

According to Suh & Kwon (2009), AGB stars are classified into O-rich stars (M-type
stars), C-rich stars (C-type stars or carbon stars), S (sulpher) stars, and silicate carbon
stars. They presented the catalog of 2 193 O-rich stars, 1 167 C-rich stars, 287 S stars
and 36 silicate carbon stars. The catalog of Galactic AGB stars based on reports of
different IRAS resolution spectrographs. Data of Low Resolution Spectrograph (LRS:
A =8 um to 22 um) are very useful to identify important features of O-rich and C-rich
dust grains in AGB stars (Kwok et al., 1997). Infrared Space Observatory (ISO) has
Short Wave Length Spectrometer (SWS: 4 = 2.4 um to 45.2 um) and Long Wave
Length Spectrometer (LWS: A4 = 43 um to 197 um) which are useful to identify more
detailed dust features (Suh, 2002). Near Infrared Spectrometer (NIRS: 1.4 yum 0 4.0 um;
(Murakami et al., 1994) data are useful for identifying the molecular feature of AGB
stars. The radio OH and SiO survey (Lewis et al., 1990) for IRAS color-selected objects
have been very useful to identify AGB stars. The infrared astronomical satellite (IRAS)
works at 12 um, 25 ym, 60 ym and 100 um wavelength band which lie in the infrared
and far from infrared region. It is suitable to observe dust particles which absorbs
ultraviolet radiation and emits infrared radiation. The Mid-course Space Experiment
(MSX) (Egan et al., 2003) provided useful photometric data at 8.28 um, 12.13 um,



14.65 pum, 21.34 ym wavelength bands and the 2MASS data project (Skrutskie et al.,
2006) provide the PSC that contains fluxes at J, H, and K bands. Suh & Kwon (2011)
updated the catalog with SiO maser sources for O-rich AGB stars and additional sources
for C-rich AGB stars. The updated catalog contains 3 003 O-rich and 1 168 C-rich AGB
stars with their IRAS colors and has the largest confirmed AGB collection so far. So this

catalog is most useful entry for the future study of AGB stars.

Far infrared Cavities are the dusty environment in the far infrared region in the interstellar
medium. They provide so many informations about new processing stars and previously
formed stars. If the cavities are stable then we can say that forming stars and formed stars
have longer life. If their distribution of mass follow cosmological principle, they will be
stable and have longer life and so on. The infrared astronomical satellite (IRAS) works
at 12 um, 25 pym, 60 ym and 100 um wavelength band which lie in the infrared and far
from infrared region. It is suitable to observe dust particles which absorbs ultraviolet
radiation and emits infrared radiation. In this work, all these four bands and specially

60 um and 100 pum bands are used.

Photographs of the milky way gives strong indications of large scale loop shaped dust &
gas and big part of the interstellar medium is in the form of filaments (Brand & Zealey,
1975). These filaments may be related to the loop structures. It is shown that most of the
interstellar medium is processed through supernova blast waves and winds of massive
stars. It means galactic shells are formed by the supernova explosions and winds of the
massive stars. Many examples of dust shells around regions of recent star formation are
known in external galaxies. If dust shells extend out of the plane of the galaxy, they will
fall back as streamers of material and will subject to Rayleigh Taylor instability (Brand
& Zealey, 1975). They further suggested that diffusion process of dust to the cores of

these streamers may preserve filamentary structure in the galactic plane.

There is a catalogue of far-infrared loops in the galaxy where Kiss et al. (2004) worked
about features of far-infrared loops in the second galactic quadrant and catalogued 145
loops with investigation about their morphological and physical characteristics. Konyves
et al. (2007) continued their work in the first, second and third galactic quadrants where
317 loops are catalogued. This combined work in all four galactic quadrants provide
the catalogue of far- infrared loops in the galaxy. In their work, they used 60 ym and
100 pm ISSA (IRAS Sky Survey Atlas) plates in the 1° < D < 40° diameter range. In
all sky survey, there are 462 far-infrared loops. Out of them for 137 loops, distances
are provided in the catalogue which are useful to calculate dust mass of the cavity. In
the catalogue name of the object is written as GIRLs which is stand as galactic infrared
loops. There is a noticeable increase in loops towards the major spiral arms and the
Perseus arms (Konyves et al., 2007). The database provided in the catalogue is a great

opportunity to study large scale structure of the ISM in the galactic neighborhood of the



sun.

There is another on-line catalogue about galactic post-AGB stars referred as Torun
catalogue developed by Szczerba et al. (2007). The catalogue contains 326 very likely
post-AGB stars and 107 possible post-AGB star candidates. For very likely post-AGB
stars, the catalog provides optical and infrared photometry, infrared spectroscopy and
spectral types, etc. Later, the catalogue has been revised by the same author in 2010. In
the newly revised catalogue, there are 391 very likely and 83 possible post-AGB stars.

From this catalogue, we selected two far infrared cavities around two post-AGB star.

Jhaetal. (2017) presented dust color temperature, dust mass and inclination angle of four
far infrared loops namely GO07+18, G143+07, G214-01 and G323-02 which are located
within 1° from nearby pulsars PSR J1720-1633, PSR J0406+6138, PSR J0652-0142 and
PSR J1535-5848, respectively. They found the dust color temperature of the core region
which lie in the range (19.4 + 1.2) K to (25.3 + 1.7) K, whereas the range increased to
33 +2) K to (47 + 3) K for the outer region. They measured average dust mass of each
pixel of the four loops which lie in the range 2.96 x 10%° kg to 1822.2 x 10?° kg. The
dust color temperature and dust mass distribution maps show that the low temperature
region has greater density as expected. We have used similar method for calculation of

dust color temperature and dust mass.

Again Jha & Aryal (2018) measured dust color temperature of two far infrared cavities
lying nearly at the galactic plane (—3°) using IRIS and AKARI maps where IRIS is
used at 60 um and 100 um where as AKARI is used at 90 um and 140 yum. From
IRIS, the measured dust color temperature of the two cavities are found to lie in the
range (23.4 + 1.3) K to (24.1 + 1.4) K with an offset of only 0.7 K and (22.2 + 1.2) K
to (24.6 = 1.3) K, with an offset of about 2.4 K respectively. Similarly from AKARI,
the measured dust color temperature of the cavities lie in the range (26.0 + 1.5) K to
(28.1 +£1.6) K, with an offset of 2.1 K and (25.4 + 1.4) K to (29.7 + 1.7) K, with a larger
offset of 4.3 K respectively. At longer wavelengths (AKARI) dust color temperature is
found larger than in the shorter wavelength (IRIS) region. We used similar method for

calculation of dust color temperature but used 60 ym and 100 gm IRAS map.

1.2 Rational of the Study

Following two facts are the reasons or intentions that cause a particular actions to carry

out this study:

1. The behavior of materials at low temperature is not well understood. The under-
standing of dynamics and kinematics of those materials in the sky lead modern

science to know about the action of materials at low temperature.



2. The data taken from telescopes are obviously not the continuous and systematic
data. Though those information keeps a record like fossils of the evolution of the
nature. We believe to understand a few aspects of evolution in which a systematic
behavior is seen. This is possible when we apply experimentally verified physical

theory.

1.3 Objectives

Objectives are divided into two categories.

1.3.1 General Objectives

Following are the general objectives:

1. To perform a systematic search for new far infrared cavities at 60 um and 100 ym
IRAS Survey around AGB stars.

2. To study the physical properties of the far infrared cavities and discuss dynamics

and kinematics of dust in their core region.

1.3.2 Specific Objectives

Following are the specific objectives:

1. To calculate and analyze dust color temperature, dust mass, visual extinction and

size of the cavities.

2. To study and interpret the variation of Planck function and dust color temperature

along the extension and compression of the cavities.

3. To study far infrared spectral distributions of cavities and compare with other

published similar cavities.

1.4 Conceptual Research Hypothesis

They are as follows:

1. The ISM contains large number of far infrared cavities formed by the wind emitted
from the AGB stars.

2. These cavities might not be in the thermal equilibrium with their surroundings.



3. The evolution of these cavities might influence the physical properties of the ISM

and hence the star formation rate.

This thesis is organized as follows: a literature review regarding the statement of the
problem is described in the chapter 2. The selection procedure of 18 far infrared cavities
and the method of data reduction, calculation and analysis is given in the chapter 3. We
present result and discussion in the chapter 4. Finally, we summarize conclusions in

chapter 5 and summary in chapter 6.



CHAPTER 2

2. LITERATURE REVIEW

2.1 Interstellar Medium (ISM)

The space between the stars is not empty which contains matter and radiation. Thus
the space between the star systems in a galaxy is called interstellar medium. It contains
gas and dust in the form of both individual clouds and of a diffuse medium. Typically
interstellar space contains about one gas atom per cubic centimeter and 100 dust particles
per cubic kilometer. Cloud mainly contains neutral hydrogen (HI), ionized hydrogen
(HIT) and molecular hydrogen (H,). Matter includes gas in ionic, atomic and molecular
form, as well as dust and cosmic rays. ISM is diffuse so it doesn’t radiate like a black

body so continuous spectrum like stars cannot be seen.

At present, the most important observations of the interstellar medium are made at radio
and infrared wavelengths, since the peak of the emission often lies at these wavelengths.
But many forms of interstellar matter (such as solid bodies with diameters larger than
Imm) would be almost impossible to detect on the basis of their emission or absorption.
An upper limit on the total mass of the interstellar matter, regardless of its form, can
be derived on the basis of its gravitational effects. This is the Oort limit. The galactic
gravitational field is determined by the distribution of matter. The interstellar medium
(ISM) plays a central role in the evolution of galaxies. The formation of new stars slowly
consumes the ISM, locking it up for millions to billions of year while stars, as they age,
return much of their mass increased in metallicity, back to the ISM. Stars also inject
radiative and kinetic energy into the ISM and this controls the physical characteristics
(density, temperature and pressure) as well as the dynamics of the gas as revealed in

observed spectra.

The interstellar medium (ISM) is the dust and gas between the stars. The interstellar
medium is seen as the dark dust lanes in the Milky Way (or in other galaxies), or by
its effects on starlight: reddening and extinction. It is also observed more directly as
reflection or emission nebulae. Approximately 20% of the Galaxy’s mass is ISM. The

ISM absorbs visible light, but at the same time emits radio waves or infrared radiation.
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Figure 1: Flow chart of the ISM. ISM mainly contains matter and fields. Matter contains gas and dust
where as fields contain cosmic rays, magnetic, gravitational and radiation (Karttunen et al., 2007).

Table 1: Four components of the interstellar medium where component, temperature, density and main
constituents are shown in first, second, third and fourth column respectively (Cox, 2005)).

Component Temperature | Density Main Constituents

[K] [Atoms/cm?]
HI Clouds 50 - 150 1 - 1000 Neutral H, other atoms ionized
Inter Cloud 103 - 10* 0.01 Partially ionized H, other atoms
Medium [HII] fully ionized
Coronal Gas 10°- 10° 10*-1073 | All atoms highly ionized H
Molecular Clouds | 20 - 50 10° - 10° Neutral gas: dust and molecules

So, while we can not make an accurate map of the distant Galaxy in visible light, we can
see distant pockets of interstellar dust and gas quite easily. 99% of the ISM is gas, and
only 1% of the mass is dust. Detail composition of the interstellar medium is shown in
Figure 1.

Matter is the main component of the ISM which mainly contains gas and dust in neutral

and ionized form.Its main four components are shown on Table 1.

2.2 Interstellar Dust

Infrared light does not get absorbed as easily as optical light, so infrared observations

peer farther into the plane of the Milky Way than optical telescopes. Shorter wavelengths
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Figure 2: Milky Way in optical and infrared light. (Source: https://www.google.com/url?sa).

of infrared light reveal stars in the Milky Way while longer wavelengths show interstellar
dust warmed by starlight. In Figure 2, there is a bright horizontal band in the infrared
image where as the optical image looks dark. Since center of our galaxy contains
numerous hidden clouds of gas and dust. Optical radiation is absorbed by gas and dust
but infrared radiation can penetrate through them as a result image of our galaxy through
infrared telescope is bright than optical telescope. The first evidence for the existence of
interstellar dust was noticed during 1930s. Before that, it had been generally thought that
space is completely transparent and light can propagate indefinitely without extinction
(Trumpler, 1930a). There are three ways to detect the interstellar dust: infrared radiation
from the warmed particles, extinction of visible light (dark patches), or reflection nebulae
(Tielens, 2005).

(1) Dust is warmed by UV radiation, and therefore emits a blackbody spectrum that
peaks in the infrared. Figure 2 shows the Milky Way Galaxy in the optical and the
infrared. Dust emits in the infrared but blocks visible light. Therefore, the infrared

image is bright whereas the optical image is dark, and vice versa.

(2) Dark nebulae: the dark patches in the Milky Way and dark clouds observed in other
places (such as the Horsehead nebula). These dark nebulae are often called dust
clouds even though they consist mostly of gas. These clouds range in size from
less than 1 pc to more than 10 pc. Most nebulae absorb 75% of the starlight from

background stars-a few absorb more, nearly 95% in some cases.

(3) Reflection nebulae: these shine by scattered starlight, in much the same way that the
blue sky shines by scattered sunlight. These nebulae are always bluish in color, and
so are easily distinguished from HII regions that are always reddish in color. The
line spectrum of these nebulae resembles the spectrum of the stars whose light they

scatter.

Diffuse interstellar dust is analogous to the diffuse interstellar gas. This dust is difficult
to detect, and can only be found by looking at very distant clusters and comparing them
to nearby clusters. The distant clusters will appear redder and fainter than they should

at their distances. This is the result of two phenomena caused by the diffuse interstellar


https://www.google.com/url?sa

dust: extinction and reddening (Tielens, 2005).

Extinction: The Milky Way is about 60 000 pc across, so most of the starlight from distant
stars has been extincted before reaching the Earth. This extinction is caused by both
scattering and absorption. Determining which effect is more important is impossible
without a detailed knowledge of both the composition and the size of the dust grains.
As most of the interstellar dust is in the plane of the Milky Way, we can only see the
galaxies that are "above" or "below" the Milky Way. On average, the Milky Way is about

2000 pc thick. It will be discussed in detail in next section.

Reddening: Dust scatters blue light more effectively than red light. As a result stars
appear redder than they would if there were no dust in the line of sight. From a distance
of 3000 pc through the disk, only 2.5% of the blue light will reach us, whereas 6% of the
red light will get through. The scattering efficiency decreases with decreasing frequency
of light. This means that we can see deeply into the Milky Way using radio waves or

infrared radiation, but not in ultraviolet radiation.

2.2.1 Interstellar Extinction

Virtually, all the information about a star comes from the electromagnetic radiation
emitted by it. Photons from the deeper layers break free and stream outward into
interstellar space at the photosphere. Luminosity and temperature at the photosphere
are two basic properties of the star. Actually luminosity is the total energy emitted per
unit time by the star. One may use the logarithmic quantity My , the absolute magnitude
of the star in the V (for visual) band, a relatively narrow wavelength interval centered
on 5500 A. If we consider Fy is the flux received in this band, i.e., the energy in a unit
wavelength interval per unit area per unit time. This flux is weaker for objects which are
farther away. To measure the intrinsic brightness or absolute brightness of the star, we
imagine the star of interest to be located at some fixed distance, conventionally taken to
be 10 pc. Then My is defined as

My =-2.5 log Fv(lo pC) + mvyo 2.1

where myq is a constant. By definition, fainter stars have numerically greater magnitudes.
Here V band used as one of the standard Johnson-Morgan sequence of filters, which also
include ultraviolet (U at 3650 A) and blue (B at 4400 A) wavebands.

For an arbitrary wavelength A, equation (2.1) becomes

M, = -2.51log F;(10 pc) + m, 0 2.2)



This equation can further be generalized to cover the case where the star is not located at
10 pc, but is located at an arbitrary distance r. Thus the brightness of a star at a unknown
distance r from the star is called apparent magnitude which is a distance-dependent

quantity and is written as
my =-2.5 log F/l(l’) + my0 2.3)

Since the flux depends as =2, then apparent and absolute magnitudes are related by

mA:M/1+510g( ) (24)

10 pc
where the term added to M, is the distance modulus. Let us first quantify the wavelength
dependence of extinction which is the sum of absorption and scattering. Since the
brightness of a star near any wavelength A is measured either by m, or M), its apparent
and absolute magnitudes, respectively. Due to presence of dust between the star and the

Earth, the relation between these two quantities is changed to

,
my =M, +5lo +A 2.5
h bl g ( 0 pc) A (2.5)
where A, is called extinction at wavelength A4 which is a positive quantity measured in
magnitudes. Note that, even at the fiducial distance i.e., 10 pc, the star now has m, > M,,
i.e., apparent magnitude is dimmer than its absolute magnitude. The general tendency
of dust to redden distant objects in the optical regime implies that A, must diminish with

increasing A (Karttunen et al., 2007).

2.2.2 Interstellar Extinction Curve

Another effect caused by the interstellar medium is the reddening of light: blue light
is scattered and absorbed more than red. Detail description and derivation has given
by Karttunen et al. (2007). The presence of dust in the interstellar medium was first
recognized by its reddening effect on the light from distant stars. Reddening is due to
the fact that the amount of extinction becomes larger for shorter wavelengths. Going
from red to ultraviolet, the extinction is roughly inversely proportional to wavelength.
For this reason the light of distant stars is redder than would be expected on the basis of
their spectral class. The spectral class is defined on the basis of the relative strengths
of the spectral lines which are not affected by extinction. Therefore color index (B - V)

increases. The visual magnitude of a star is given by

V = My +5log r

+ A 2.6
T0pe T A (2.6)
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where My is the absolute visual magnitude and Ay is the extinction in the V pass band.

Similarly for blue magnitudes

B = Mg +5log d

T0pe B (2.7)

The observed color index is obtained by subtracting equation (2.6) from (2.7).

B-V =Mp—- My + Ag — Ay (28)

Since Ay = A = 0 at the surface of the star, so intrinsic color index is equal to Mp -

My, thus, we get

B—V:(B—V)()+AB—AV (29)
or (B=V)=(B=V)y=Ag- Ay (2.10)
or EB-V = AB - Av, (211)

where (B — V) = Mg — My is the intrinsic color index of the star, Az and Ay are the
total extinctions in the photometric B (4400 A) and V (5500 A) bands respectively and
A — Ay = Egy = (B—V) — (B — V) is the color excess. The most popular measure
of extinction (reddening) is the color excess. The color excess may be determined even
when the total extinction is not known in any of the photometric bands. As a rule, color

excess grows with increasing absolute extinction.

When we consider third wave length A , then equation (2.11) becomes
Eiyv=A-Ay (2.12)

Dividing equation (2.12) by (2.11), we get

Eyv A)-Ay

_ (2.13)
Egy  Ap - Ay
E,. A A

or —2=¥V _ 1V (2.14)
EB—V AB - AV AB - AV
E, A

or AV ___ 4 R, (2.15)

Esy Ap—Ay

where R is called the "fiducial ratio" , E,_v/Eg.y is called normalized selective extinction

and A,/(Ag — Avy) is called normalized total extinction.

Studies of the interstellar medium show that the ratio of the visual extinction Ay to the

color excess (Ag — Ay) is almost constant for all stars.

Ay

R=—Y ~
Ag — Ay

3.1 (2.16)
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Figure 3: The interstellar extinction curve E,_v/Ep.y verses A71in the spectral range 0 to 10 (ym)".
Various features of the curves and positions of the B and V pass bands selected for normalization described
in the text are indicated. (Source:http://people.virginia.edu/).

It means visual extinction can be calculated when color excess is known.

When V, Ay and My are known, distance r can be calculated from equation (2.6).
Trumpler (1930b) proved that extinction depends on the wavelength approximately
as 27!, This is why extinction curves are still plotted as a function of reciprocal
wavelength following Trumpler’s rule. Thus a graph between normalized selective
extinction E,_vy/Eg.y or normalized total extinction with reciprocal of wavelength 17!
is called interstellar extinction curve. Figure 3 shows a typical interstellar extinction
curve for R = 3.1. Thus, the interstellar extinction curve separates out into four distinct
parts - the infrared, the visible, the 2175 A bump, and the far-UV rise. Extinction curves
vary from region to region but they can (almost) all be parameterized by the total - to -
selective extinction ratio, R , over the full wavelength range (0.1 to 2) ym. The value
of R depends on the environment traversed by the line of sight. The diffuse ISM is
characterized by R = 3.1, while dense molecular clouds have values in the range 4 to 6.
In the Figure 3, ‘toe’ region is for far infrared and the linear region up to ‘knee’ is for the
near infrared. Typically, the extinction rises through the IR with a power-law-like (higher
order polynomial), rolls over slightly in the optical region ("knee"), shows a prominent
feature (maximum extinction) at 2175 A in the near-UV ("bump"), and has a sometimes
steep rise in the far-UV ("fuv rise"). It is interesting that the interstellar extinction curve
is found to be similar in all direction of the Milky Way. The microwave, sub-mm and

radio waves are not affected by the presence of dust. Similarly gamma ray dissociates
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Figure 4: Interstellar extinction curves where observed extinction curves in different environments are
compared with the R-parameterized curve (Cardelli et al., 1989).

the dust, loses energy but could not be absorbed or scattered by the dust. Structure in the
extinction curve can provide important clues to the nature of the absorbing materials.
The ultraviolet bump is the most prominent feature of the interstellar extinction curve. In
Figure 4, four observed extinction curves are shown as a function of A=!. These curves
show the range in wavelength behavior of the extinction laws in the interstellar medium.
They found that extinction curves can be expressed approximately as a one-parameter
family that varies linearly with R~!. It means extinction decreases with increase in R.
Here R varies from 2.5 to 5.5 where interstellar extinction in the near infrared band is

almost similar for all possible R.

The work of Cardelli et al. (1989) provide a link between one measure of dust grain
environment and the wavelength dependence of interstellar extinction. They found that
the shape of UV extinction curves correlates with the parameter R. Figure 4 shows that
extinction curves are very "flat", or "gray", in the UV roll over strongly in the optical
and are characterized by large values of R. Steep UV curves remain steep in the optical

and are characterized by small values of R.

By studying the peaks of the extinction curve, astrophysicists found that the interstellar
dust contains water ice and silicates, and probably graphite as well. The sizes of the
grains can be estimated from their scattering properties; usually they are smaller than
one micrometre. The strongest scattering is due to grains of about 0.3 um but smaller
particles must also be present. Dust is mainly destroyed in the ISM by strong shock

waves in the warm phases of the interstellar medium. Sputtering by impacting gas
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Table 2: Properties of components of the interstellar medium. Values are approximate (Palen, 2001).

Type of nebula | Density Temperature Typical life Typical Composition
(g cm™3) (K) time (yrs) size (pc)
HII region 1072 - 1077 | 10,000 10 million few - 100 | Mostly
hydrogen
gas
Giant molecular | 1072°- 10" | 10 Billions 0.1 Hydrogen,
cloud: molecular gas,
cool clumps dust
Giant molecular | 107> - 1077 | 30 - 100 Millions 0.1-3 Hydrogen,
cloud: molecular gas
hot clumps
Reflection 1072 - 10777 | < 1000 Millions-billions | < 1-10 Dusty gas
nebula
Emission 107 - 1077 | 1000 - 10,000 | Few thousand- | 0.01-a few | Atomic and
nebula 100,000 molecular gas
Dark nebulae 1072 - 1077 | <1000 Millions-billions | < 1-10 Dusty gas
Diffuse 10727 7,000-10,000 | Not applicable | Not Hydrogen
interstellar applicable
gas

species and vaporization by high velocity grain grain collisions return grain material
to the gas phase. At the same time, shattering by grain grain collisions considerably

modifies the grain size distribution (Tielens, 2005).

The Hubble relation can be derived theoretically, if it is assumed that the illumination
of a dust cloud is inversely proportional to the square of the distance to the illuminating
star, and that the dust clouds are uniformly distributed in space. The theoretical Hubble
relation also gives an expression for the constant on the right-hand side, which involves
the albedo and the phase function of the grains. The observations of reflection nebulae
show that the albedo of interstellar grains must be quite high. It has not yet been possible
to obtain its precise numerical value in this way, since the distances between the nebulae
and their illuminating stars are not known well enough. One may also consider the
surface brightness of dark nebulae that are not close enough to a star to be visible as
reflection nebulae. These nebulae will still reflect the diffuse galactic light from all the
stars in the Milky Way. Calculations show that if the dust grains have a large albedo, then
the reflected diffuse light should be bright enough to be observable, and it has indeed
been observed. Thus the dark nebulae are not totally dark. The diffuse galactic light
constitutes about 20-30% of the total brightness of the Milky Way.

2.3 Use of IRAS Emission Maps to Estimate Dust Color Temperature and Visual

Extinction

This section is basically concerned about the development of the methods for the calcu-

lation of dust color temperature and extinction. Dust color temperature is the equivalent
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temperature of dust due to its color or wavelength and extinction is the sum of absorption

and scattering.

Beichman, Neugebauer, et al. (1988) described about the IRAS mission established in
1975 and launched in 1983. The mission of the project was to conduct a sensitive
and unbiased survey of the sky in four wavelength bands 12 ym, 25 ym, 60 ym and
100 um. Langer et al. (1989) carried out a study of the infrared and carbon monoxide
emission from the molecular cloud Barbard (B5) to investigate the correlations among
dust column density, intensities of the CO isotope and visual extinction. They measured
grain temperature using the ratio of 60 ym and 100 um intensity by noting that for
optically thin emission from grains at a single equilibrium temperature. The grain
color temperature observed towards BS at 12 um and 25 um data was (300 to 350) K
but for 60 um and 100 um data, it was (25 to 28) K. The grain color temperature
seen in B5 at 60 um and 100 um data are somewhat similar with those calculated for
large graphite grains in equilibrium with the interstellar radiation field (ISRF) which is
~(20 to 28) K (Draine & Lee, 1984). The presence of emission at 12 ym and 25 um
from the cloud cannot be understood within the context of emission from conventional
interstellar grains. A theory developed by Puget et al. (1985) predicts that the emission
from the small, stochastically heated grains dominates at the shorter wavelengths and

may enhance the 60 ym emission from the grains as well.

Dust color temperature and extinction can be calculated by using IRAS 60 ym and
100 um flux densities as done previously by Wood et al. (1994). They investigated
~ 100 nearby molecular clouds using the extensive, all-sky database of IRAS. The
clouds cover a wide range of physical properties including visual extinction, size, mass,
degree of isolation, homogeneity and morphology. IRAS 100 um and 60 um co-added
images were used to calculate the 100 um optical depth of dust in the clouds. In the
work, they calculated dust color temperature, Ty at each pixel in an image assuming
that the observed ratio of 60 um and 100 um emission is due to blackbody radiation
from dust grains at temperature 743, modified by power law emissivity spectral index.
The calculation of temperature and extinction depend on three parameters where two
constants that determine the spectral emissivity index and the conversion from 100 um
optical depth to visual extinction. Dust color temperature (7y) in each pixel of a FIR
image can be obtained by assuming that the dust in a single beam is isothermal and
that the observed ratio of 60 um and 100 um emission is due to black body radiation
from dust grains at Ty, so from modified power law of spectral emissivity index, the flux

density of emission from dust grains at a wavelength 4;, is given by

2 1
F- hc[

-8 .
23 | ehe/ukT _ 1] Naard; "0, (2.17)
l
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where Ny is column density of dust grains, « is a proportionality constant which relates
the flux density and optical depth of the dust, g is spectral emissivity index and €Q; is
solid angle at A; by the detector.

Derivations of dust color temperature and column density from IRAS data is based on the
assumption that the dust along each line of sight is in thermal equilibrium. Dust models
of Desert et al. (1990) show that emission at 60 um and 100 um have contributions by
big dust grains and very small dust grains. Very small dust grains are not in thermal
equilibrium and emit mostly in the 60 m band, while the big grain dusts are the primary
contributors at 100 microns and longer. In the work of Wood et al. (1994), following

assumptions and errors are assumed:

(i) At 60 um and 100 um, the dust is optically thin (7; < 1). It can be verified from

interstellar extinction curve which has mentioned by Draine & Lee (1984).

(ii) 60 um and 100 ym beams subtend the same solid angle i.e., Qgg = Q1gp. It is due

to co-vibrational transition.

(iii) Dust emissivity is proportional to a power law [tq ~ A7#] with index g = 1.
Hildebrand (1983) concluded that the dust emissivity power-law index is ~ 1 for
50 yum < A < 250 pm, and the index is > 2 for 4 ~ 1000 um. In addition,
Wood et al. (1994) performed tests with 8 = 2 and found that the results are not
significantly affected and conclude that this assumption is valid. It is obviously

satisfied by Planck law of black body radiation.

(iv) The dust in the IRAS beam is at a single temperature. It means they are in thermal

equilibrium locally.
(v) Zodiacal light can be removed by subtracting a linear gradient from the image.

To describe the observed inverse relationship between temperature and the emissivity

spectral index (), we use Dupac et al. (2003) equation

1
_5+0)Td’

B (2.18)

where ¢ and w are parameters. w has dimension of inverse temperature. Since R is the

ratio between flux densities at 60 ym and 100 um, so we get

R 60 —(B8+3) 6144/Td -1 Q0 2.19)
~ {100 207~ 1) \ Qigo '

Since emission is optically thin at 60 gm and 100 um so Qg = Q1¢p thus above equation
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reduces to

—(B+3) / 144/Ty _
R (X e -1 (2.20)
100 €240/Ty _

When g is known, Ty can be easily calculated but 8 depends on dust grain properties such
as size, composition and compactness. For a perfect blackbody, S = 0, for amorphous
layer lattice matter, § ~ 1 and for metals and crystalline dielectrics, 8 ~2 which is used

in our calculation.

For smaller value of Ty, 1 can be neglected from both numerator and denominator of

equation (2.20) so that the equation reduces to

144/T;

_ ~(B+3) [ €___
R=(0.6) (6240/Td)

or R(0.6)#*Y = ¢/

Taking natural logarithm on both sides, we get

In[R x (0.6)B+)] = _T% (2.21)
d

-96

or Ty=
7[R x (0.6)5+3]

(2.22)

This equation (2.22) is used to calculate dust color temperature or dust grain temperature.
Similarly to calculate dust color temperature at 25 ym and 60 ym wave length region,

equation (2.22) reduces to

—-623.7 F(12
d= , where R = M (2.23)
In[R x (0.48)(5+3)] F(25 um)
and
-335.6 F(25
Ty = . where R = L25Hm) (2.24)
In[R x (0.42)F+] F(60 pm)

respectively. After calculation of dust color temperature, dust optical depth at 100 ym

can be calculated by using the formula

T100 = (2.25)

F31(100 pm) 2he 1
~ B(100 um, Ty)’

where  B(A,T) = 13 | ehe/AkT _ 1

is the Planck function and F,(100 um) is the flux density at 100 um. Now, optical depth
at 100 um can them be converted to V-band extinction,

AV = XT]()(), (226)
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Figure 5: 60 um optical depth verses visual extinction, determined from calibrated star counts at kron
N-band.

where X is a parameter which converts the thermal emission properties of dust to its
optical absorption qualities. 7100 can be converted to Ay by using method of Jarrett et
al. (1989) where they have plotted a scattered graph between optical depth at 60 ym and
visual extinction Ay. Assuming optically thin emission at 60 ym and 100 um, Wood
et al. (1994) multiplied the Jarrette et al. (1989) 1¢o values by 100/60 to convert it into
T100. Thus, the final empirical formula by Wood et al. (1994) for 19 is

Ay(mag) = 15.078 |1 — ¢ T100/641:3 (2.27)

Figure 5 is a graph of Jarrette et al. (1989) plotted between 60 um optical depth verses
visual extinction which showed a considerable scatter for Ay > 10 mag. In fact, using
equation (2.27), maximum Ay possible is 15.078 mag (obtained from the graph) when

clearly some clouds have much greater peak Ay-values.

An empirical method for determining the dust color temperature and the optical depth
of dust using 60 and 100 micron bands from IRAS is presented in Nagata et al. (2002),
but this method has been calibrated for galaxies and not for molecular cloud. Lagache
et al. (1998) in their FIR study of interstellar cold dust in the galaxy found that there are
at least two temperature components to the dust population They found that the warmer
component, associated with diffuse dust, has a temperature around 17.5 K, while the
colder component, associated with dense regions in the ISM, has a temperature around
15 K. Kramer et al. (2003) determined dust color temperature of cloud by using the ratio

of flux densities per beam at 850 um and 450 pum which are optically thin up to very
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high column densities. In the derivation, dust color temperature distribution over the
surface of the cloud, they assumed 8 = 2 as has generally been found for dust grains in

molecular clouds (Ward-Thompson et al., 2002).

2.4 Estimation of Dust Mass Under IRAS Survey

Dust mass is another important dust property which is useful to analysis about cavity
structure as a result so many informations about the star and its formation can be
achieved. Since the longer wavelength measurements give us more precise dust masses
due to the characteristics of the Planck curve, the far infrared emission which is used for
the derivation of the dust mass is measured from the 100 ym IRAS images. The dust
masses are estimated from the IR flux densities (Hildebrand, 1983). In order to estimate
the dust masses from the infrared flux densities at 100 um, following the calculation of
Young et al. (1993), we need the background corrected value of flux density and convert
it to the absolute flux density. The background correction is done by subtracting the

average flux emitted by the external sources other than the object of interest.

Because of the relatively weak temperature dependence of emission from grains at
frequencies such that Av/kT < 1, observations at sub millimeter wavelengths are par-
ticularly useful for estimating total masses of radiating dust clouds (Hildebrand et al.,
1977). The determination of dust mass at a known distance is based on the flux density
F(v), dust temperature (T'), grain emissivity Q(v) and size of the grains (a). According
to Hildebrand (1983), the flux density at frequency v from an optically thin cloud at
distance D containing N spherical dust grains each of radius a is given by

F, = NB(v, T)Q(V)% (2.28)

where o = ma? is the cross-section area of each dust grain, Q(v) = grain emissivity and

B(v,T) =

3
2hv [ 1 ] (2.29)

c2 e /kT _ 1

is Planck function. Here £ is Planck constant, c¢ is velocity of light, v is frequency at

which emission is observed and 7 is average temperature of the region.

2
F, = NB(v, T)Q(v)’;ji2 (2.30)

If v is volume of an individual grain, then total volume is written as

V=N-v (2.31)

19



Substituting the value of N from equation (2.30) to (2.31) equation, we get

F, D? v
V= 2.32
B, T) O0v) 7 (2.32)
If p is grain density then dust mass is written as
My=v.p= L D ve (2.33)
P T BO00) ad? |
F, D?
My = 4 2.34
o M Be 300 (239
[ v = (4/3)na’ is volume of a sphere]
4ap F(v)D?
My = —ap F) (2.35)

‘7 30) B0 T)

The greatest uncertainty lies in the quantity pa/Q(v). For its calculation, different
physicists have done sufficient work. Knacke & Thomson (1973) had calculated Q(v)
for silicate spheres using optical constants measured for lunar silicates. Aannestad
(1975) had extended these calculations to include terrestrial silicates and to allow for
the possibility that the silicate cores may have ice mantles. Both sets of calculations
gave values of pa/Q(v) in the range (1 to 10) g cm™ for A ~ 500 um. Calculations
for graphite Werner & Salpeter (1969) gave a value of pa/Q(v) about 100 times larger.
Hoyle & Wickramasinghe (1967) had suggested the possibility that Q(v) may be greatly
enhanced by impurities with resonances at sub millimeter wavelengths, but, as Purcell
(1969) had shown, an upper limit may be placed on the far-infrared emissivity by applying
the Kramers-Kronig relation. Aannestad (1975) had performed such a calculation for
silicates under the assumption that the far-infrared emissivity is proportional to 1~!
between 40 and 1000. Since data indicates a steeper wavelength dependence for Q(v),
calculations were repeated by assuming that Q(v) is proportional to 272 for A > 40 ym.
The resulting maximum value for Q gives a minimum value for pa/Q(v) of 0.1 g cm™2.
For the following discussion, they had adopted the value 1 g cm™ for pa/Q(v) at 500 um
with Q(v) ~ 172 (Hildebrand et al., 1977). According to Young et al. (1993), value of

certain parameters for 100 ym emitter are as follows:

Weighed grain size (a) = 0.1 um
Grain density (p) = 3000 kg m™>
Grain emissivity [Q(v)] = 0.0010 for 100 um
Flux density (S,) = f x MJy/sr x 5.288 x 107°

Here, 1 MJy/Sr = 1 x 1072 kg s™2 and f = relative flux density measured from the
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IRAS image (Beichman, Neugebauer, et al., 1988).

Thus for 100 um wavelength, equation (2.35) becomes

Mg =04 I; ((i)l; )2 (2.36)
which is the required expression for dust mass.
Hildebrand (1983) showed that for spherical dust grains
2 M,
e S B
where

Mgpne1 = mass of the resolved portion of the dust shell,
F(v) = flux density at 100 um from the resolved region,
B(v,T) = Planck’s function at frequency v and temperature T,
D = distance to the star,
a = radius of a dust grain,
p = density of the dust material, here assumed to be 3 g cm™,

0, = emissivity of the dust at frequency v,

Mgas [ Mause = gas to dust mass ratio, here assumed to be 100.

Wood et al. (1994) have measured dust mass and mass of gas so that gas to dust mass
ratio also found ~ 1900 which is quite different than Hildebrand (1983). Other authors
(Langer et al., 1989; Snell et al., 1989; Jarrett et al., 1989) have accepted the Hildebrand
(1983) result that the gas-to-dust ratio is ~ 100. Wood et al. (1994) concluded that if
only ~ 5% of the dust is detected in IRAS’s 100 um band, their result will be acceptable.

It is remarkable that even though they saw only ~ 5% of the dust mass in a cloud.

2.5 Asymptotic Giant Branch (AGB) Star

2.5.1 Introduction

All low and intermediate mass stars of masses between =~ 0.8 My and 8 My will end
their life on the asymptotic giant branch stars. AGB stars are the final nuclear burning
evolution stage of low and intermediate mass stars and is characterized by nuclear burning
of hydrogen and helium in thin shells on top of electron-degenerate core of carbon and

oxygen. This stage is characterized by low surface effective temperatures (~2000 K to
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Table 3: Typical global properties of AGB stars (Habing & Olofsson, 2003).

Parameter Value Range
Mass, M (0.8 -8) Mg
Radius, R (200 — 600) Re, (1 — 3) AU

Temperature, T (2500 — 3500) K

Luminosity, Mo (L) | (=3.6to —7.1) mag, (10° — 10*) Lo
Mass loss rate, M (1078 — 107 Mg yr!

Variability period, P | (30 — 2800) days

AGB time scale, Ty (10° — 5 x 10°) yr

3500 K), high luminosity (~1000 L, to 10,000 L), intense mass loss (from 1077 to
1074 Mg yr‘l) and a slow dust-driven wind (Habing, 1996). AGB stars are considered
the primary source of dust in the interstellar medium (ISM) (Habing & Olofsson, 2003;
Herwig, 2005).

Most AGB stars are identified as long-period variables (LPVs) with large amplitude
pulsation. The strong pulsation produces shock waves which extend the outer layer
of the AGB star for better condition of dust formation (Jones et al. (1981). The main
site of dust formation is believed to be the cool envelopes around AGB stars and the
envelopes are chemically fresh because of the strong binding force of CO molecules. The
radiation pressure produced on newly formed dust grain may drive dusty stellar winds
with high mass loss rates of (107% to 1074 M, yr~! (Bowen, 1988b). Due to such dusty
stellar winds and evolution of the central during AGB phase, cool and slowly expanding
(10 km/s to 30 km/s) dust envelope are formed around the AGB stars. Furthermore,
AGB stars are characterized by dynamical processes such as pulsation, shock wave, dust
formation and mass loss rate. The spectral features are significantly different for stars

with Oxygen - rich and Carbon -rich atmospheres.

During the evolution of AGB, the stars also evolve chemically, starting with oxygen-rich
atmospheres and Helium burning forms '>C, which is dredged up to the stellar surface
by strong convection currents in the mantle so that carbon is injected into the stellar
atmosphere. The stability of the CO molecule in the stellar atmosphere means that the
carbon-to-oxygen ratio (C/O) which controls the chemistry around the star. Therefore
AGB stars can either be oxygen-rich or carbon-rich depending on their ratio. For the
O-rich AGB stars C/O can vary from approximately (C/O =~ 0.4) to just less than unity,
for C-rich stars, the ratio C/O is greater than unity. Other nuclear processes (e.g. the
s-process) also occur in the He- and H-burning shells of AGB stars where other new

elements are also dredged-up and enrich the dust formation region.

Certain known typical global properties of AGB stars are shown on Table 3.
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Figure 6: A schematic overview of an AGB star from the core, out to the circumstellar envelope. The top
half represents an oxygen-rich chemistry and the bottom half represents a carbon-rich chemistry. (source:
http://www.univie.ac.at/agb/).

2.5.2 AGB Star Structure

AGB stars are very complex objects characterized by different processes which take
place at different locations within and outside of the star. Actually, there are mainly
four parts which are recognized in the structure of an AGB star from its center to
the outermost region. They are: degenerate dense core, convective stellar envelope,

dynamical atmosphere or stellar atmosphere and circumstellar envelope.

Degenerate dense core is small and very hot with temperature up to ~ 10 K where
heavy elements are produced by s-process nucleosynthesis. Convective stellar envelope
is large, less dense, hot with temperature ~ 3000 K, where nucleosynthesis products are
brought to the surface. Dynamical atmosphere is tenuous and warm with temperature
~ 1000 K where molecules and dust formation takes place and circumstellar envelope
is large, extended and cool envelope where molecule destruction as well as formation
takes place and the dust-driven stellar wind will move outwards at a typical speed of a
few km/s. Outside the circumstellar envelope, there is ISM where ionization takes place

and interstellar radiation field is acting inward.

Figure 6 is the schemetic structure of an AGB star. At the bottom of the figure, three
different scales for distance, temperature and density are given with origin from the
center of the AGB star. Certain known values such as radius of sun, length of an

astronomical unit and the length of one parsec are listed in a box below the scale.
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2.5.3 Classification of AGB Stars

According to Suh & Kwon (2009), AGB stars are classified into O-rich stars (M-type
stars), C-rich stars (carbon stars), S stars and silicate carbon stars. They presented a
catalog of AGB stars in our Galaxy from the IRAS PSC compiling the lists of previous
works with verifying processes. There are 2 193 O-rich stars, 1 167 C-rich stars, 287 S
stars and 36 silicate carbon stars found in the catalog. They will be oxygen-rich (M-type)
or carbon-rich (C-type) or S-type depending on the chemistry of the outer envelope or
the photosphere. It is believed that it is an evolutionary series where the M-type stars
evolve into S and then C-type stars. The chemistry around AGB stars is controlled by
the C/O ratio (Herwig, 2005).

During the AGB phase, mixing mechanisms dredge-up triple-a processed material from
the He-burning shell which can cause the stellar atmosphere to evolve from being oxygen-
rich (C/O < 1, M-type stars) through a stage where the relative amounts of oxygen and
carbon are approximately equal (C/O ~ 1, S-type stars) to being carbon-rich (C/O > 1,
C-type stars). The spectral features are significantly different for O-rich and C-rich
atmospheres of the stars. Initially, the abundance ratio of n(C) over n(O) is smaller
than one (C/O < 1), they are classified as O-rich AGB stars of spectral type M. Chan &
Kwok (1990) argued that a M-type star may become a carbon star when the star goes
through C dredge-up processes and thus the abundance of Carbon is larger than that of
Oxygen (Chan & Kwok, 1990). S stars are generally regarded as intermediate between
M-type and C-type star in their properties. The chemistry of C and O AGB stars is a
controversial topic in many areas of astronomy (Suh & Kwon, 2009). Figure 7 is a flow

chart about classification of AGB stars which makes easy to understand it.

O-Rich AGB Stars

If the C/O ratio is less than unity, all the carbon will be bound into carbon monoxide
(CO), which forms very easily and is very stable. For M-type AGB stars, the chemistry
will be dominated by the remaining oxygen, leading to the formation of oxygen-rich
molecules and particles, e.g. silicates and oxides. Due to the operation of hot bottom
burning, intermediate-mass AGB stars (4 Mg < M < 8 M) are O-rich stars (C/O < 1)
which burns carbon at the base of the convective envelope, thus preventing the formation
of a carbon star (Boothroyd & Sackmann, 1992). Infrared observations of AGB stars
have revealed various types of dust grains in the envelopes around them. O-rich AGB
stars (M-type Miras and OH/IR stars) typically show the 10 ym and 18 um features
in emission or absorption. Low mass-loss rate O-rich AGB (LMOA) stars with thin

dust envelopes show the 10 yum and 18 um emission features of amorphous silicate.
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Figure 7: Classification of AGB stars on the basis of their chemistry and evolution of the central star.
Masers OH, SiO, and H,O have been found to be associated with O-rich AGB stars (Suh, 2014).

Where as high mass-loss rate O-rich AGB (HMOA) stars with thick dust envelopes
show the absorbing features at the same wavelengths. Similarly LMOA stars show many
molecular lines at NIR bands. The most conspicuous lines are the water vapor absorption
at 1.9 um and 2.9 um, CO absorption at 2.3 um produced in the expanded atmosphere
of the central stars. Alumina (Al,O3) dust is believed to be one of the main dust species
in O-rich AGB stars (Herwig, 2005).

C-Rich AGB Stars

The AGB stars having C/O ratio greater than one are termed as carbon - rich AGB
stars which are formed after third dredge-up. It means due to dredge-up of carbon
from the bottom of the convective envelope to the stellar surface, low-mass AGB stars
(M < 4 Mp) can turn in to C-rich (i.e. C/O > 1). One of the most dramatic effect of the
third dredge-up is the transformation of AGB stars from M-type stars into C-type stars
(Carbon stars). Before becoming a carbon star, all carbon atoms are assumed to be locked
in the CO molecule and oxgen-rich molecules such as H,O, TiO and SiO dominate the
photo spheric spectra. But when the C/O ratio exceeds unity, all oxygen molecules are

assumed to be locked within the CO molecule and the overabundant carbon atoms can
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now form carbon-rich molecules like CH, C,, CN and C,H;. The cosmic and solar
abundance ratio between carbon and oxygen is C/O ~ 0.4 to 0.5, but for carbon stars,
the ratio C/O > 1. Mostly '>C isotope is produced from the He-burning shell that was
dredged up during thermal pulses. Due to the number of carbon containing molecules
such as CO and CN, the spectrum of Carbon stars differs dramatically from that of
M-type stars.

Careful modelling of this process suggests that a minimum mass to form Carbon stars
is 1.5 Mg. Mass of the stars below 1.5 Mg, they experience too few thermal pulses and
the dredge up process is too weak to turn the star into a Carbon star. There is also a
maximum mass to form carbon stars which comes from the concept of HBB. Since HBB
can remove '2C through the CNO-cycle, by turning it into 'N. HBB tells us that the
stars of masses > 4 M will block to form carbon stars. It means the maximum mass for
Carbon stars is ~ 4 M. Note that the HBB process switches off at the end of the AGB
evolution. It is due to the reason that at the end of the AGB evolution, envelope mass is

sufficiently low so HBB process becomes less efficient.

Infrared observations of carbon-rich asymptotic giant branch (AGB) stars have revealed
certain types of carbon dust grains in the envelopes around them. They are amorphous
carbon (AMC), silicon carbide (SiC) and magnesium sulphide (MgS) where AMC
dust grains play a major role in producing the overall shape of the spectral energy
distributions (SEDs) of carbon-rich AGB stars in the wavelength range (1 to 1000) um.
It is believed that featureless amorphous carbon (AMC) grains and SiC grains produce
11.3 yum emission band and 30 pm band that could be produced by small amount of MgS
particles (Suh, 2000). Similarly HCN, H,C, can produce absorption lines at 3.1 um in
the expanded atmosphere of the central stars (Suh, 2014). O-rich post AGB stars could
not show polycyclic aromatic hydrocarbon (PAH) dust features but C-rich post-AGB
stars typically show polycyclic aromatic hydrocarbon (PAH) dust features. It could be
due to UV radiation from the hot central stars. Le Bertre et al. (2005) identified C-rich

stars from the NIR data obtained from infrared telescope in space survey (IRTS).

S Stars and Silicate Carbon Stars

S stars have equal amounts of carbon and oxygen in their atmospheres (i.e. C/O ~ 1). For
the sample of S stars in the AGB phase are generally regarded as intermediate between
M-type and carbon stars in their properties. Silicate carbon stars are the carbon stars
with silicate dust features. For the sample of silicate carbon stars in the AGB phase,
we use the same list as presented in Suh & Kwon (2009) except that one silicate carbon
star (IRAS 04496 +6958) is excluded because it is not in our Galaxy (Suh & Kwon,
2009). Kwon & Suh (2014) revised and presented that sample of silicate carbon stars
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Figure 8: The spectra of an M star, an S star and a C star. The sequence M—S——C corresponds to a
change from C/O < 1 to C/O ~ 1 to C/O> 1 (Wood, 2010).

(29 confirmed and 27 unconfirmed ). Hence according to the updated catalog, there are
3373 O-rich, 1168 C-rich, 362 S-type and 29 (+27) silicate carbon stars.

Classification of AGB stars can also be understood with the concept of spectra. The
spectra of AGB stars fall into very characteristic groups: the spectra of oxygen-rich stars
are dominated by oxygen-containing molecules such as TiO, the spectra of carbon-rich
stars are dominated by molecules containing carbon (e.g. CN, C;), and rarer stars in

between with C/O ~ 1 (S stars). Examples of these spectra are shown in Figure 8.

2.6 Asymptotic Giant Branch Evolution

2.6.1 History of AGB Evolution

The evolution of a star, once it reaches the main sequence, with nuclear reactions
triggered in the central region, depends essentially on its mass. Figure 9 gives the tracks
of the stars in the L — 7 plane as they evolve. The diagonal branch running across (from
top left to bottom right) gives the ZAMS. The following discussion highlights the key
points and will walk through the stellar evolution (Padmanabhan, 2006).

To begin with, if M < 0.08 Mg, nuclear reactions cannot be sustained in the contracting
cloud for it to become a star. Such objects end up as planets or brown dwarfs, which are
configurations in which the electron degeneracy pressure is significant and the material
is fully convective. Similarly, systems with masses higher than about (60 to 100) Mg

are unstable and cannot last for significant period of time. Since radiation and thermal
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Figure 9: The Hertzsprung-Russell diagram in terms of luminosity and surface temperature (effec-
tive temperature). Three different evolutionary tracks are represented by the three blue lines, for stars
of 1 Mg, 5 Mg and 10 Mg. (Source:http://www.atnf.csiro.au/outreach/education/senior/astrophysics/
stellarevolution_hrintro.html.)

energies in a star scale as E, o T*R3, Ey, oc MT, it follows that E,, / Ey, o« T3R? /M o« M?
(where we have used the result 7 o< M /R). In a sufficiently high mass star, the radiation
energy will dominate over thermal energy and blow it apart. This sets the upper and

lower limits for variable stellar mass.

In the allowed mass range, stellar structure and evolution are characterized by some key
values for the masses. Based on some features in the evolution which will be described
below, we can divide the stars into low mass, intermediate mass and high mass stars. We
recall that stars with M < 1.3 Mg, have a radiative core while stars with M 2> 1.3 Mg,
have a convective core. The first and the longest phase of stellar evolution occurs when
stars act as gravitationally bound systems in which nuclear reactions fusing hydrogen
into helium are taking place in the center. The process of combining four protons into a
helium nuclei, releases about O.O3m1[,c2 of energy, which is about a fraction 0.007 of the
original energy 4mpc2. Assuming that a fraction € ~ 0.01 of the total rest mass energy
of the star can be made available for this nuclear reaction, the lifetime of the nuclear

burning phase of the star will be about

eM 9 €
tms = <= %310 yr(m) (2.38)
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(Source:http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_hrintro.html.)
(Source:http://www.atnf.csiro.au/outreach/education/senior/astrophysics/stellarevolution_hrintro.html.)

A more precise fitting formula for this time scale is given by

tms 2550 + 669m>> + m*> M
= , m= —
106 yr  0.0327m!-5 + 0.346m*> Mg

(2.39)

In fact 1, represents the longest stretch of time in a star’s life spent in steady state nuclear
burning. Most of the scaling relations are applicable to such stars and they will form a
band in the H-R diagram called the main sequence band. Since any given star spends
maximum amount of time in the main sequence, it follows that a significant fraction
of the stars that we observe will be found along the main sequence. Stars of different
masses, of course, spend widely different amounts of time in the main sequence with the

high mass stars spending less time (Padmanabhan, 2006).

When the star is in main sequence, it is essentially converting hydrogen into helium in
its core and maintains balance between the energy produced and energy radiated out.
Even in the main sequence, its radius and luminosity are varying slightly. For example,
the 5 Mg star shown in Figure 9 will move from the ZAMS while burning hydrogen
in the core. Eventually, at ¢ > f,, the hydrogen in the core runs out and the stellar
evolution moves to the next stage. Since the electrostatic potential barrier between the
helium nuclei is higher, further reactions which fuse the helium nuclei cannot take place
immediately and the core begins to shrink under its own weight, in thermal time scale,
and heats up. The hydrogen surrounding the core follows suit and will be compressed
to high enough densities so that nuclear reactions are again ignited in the hydrogen
shell. This is a somewhat peculiar situation in which the core is collapsing, taking the
surrounding hydrogen shell along with it, leading to the energy production from the
shell. The luminosity of the star increases and the increased pressure pushes the outer
layers of the star further from the center making the star move into a red giant phase.
(It is red’ because the surface temperature Ty oc (L/R?)'/# decreases with increasing R,
making the black body peak shift to the redder side.) In massive stars (M > M) there

is a distinct evolutionary track. The time scale for this is very short and is well fitted by

HG 0.543 M
- = s m=—
fms m2—=2.1m+23.3 Mo

(2.40)

The subscript HG stands for Hertzsprung Gap, as it is called. Since this time scale is
very short, very few stars can be caught observationally in this phase thereby leading to
a gap in the HR diagram in this region. Low mass stars do not go through this phase of
the evolution does not have a distinct Hertzsprung gap. The next stage of evolution in

moderate to high mass stars is usually called the giant phase branch. The luminosity of
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the star at the base of the giant branch, Lygp, is essentially determined by its mass:

Lgp 2.15m? + 0.22m° M
= , here = — 241
Lo  10+14x102m2+50x 106m* =M (2.41)

The radius and the luminosity of the star while on this track (giant branch) is reasonably
well fitted by

R _ (0.251%% + 0.81%%7),  where m = ﬂ; =L (2.42)
Ro Mo Lo

The collapse of the core to a sufficiently high density will trigger the next set of nuclear
reactions producing carbon from helium. This ignition usually takes place when the
luminosity is about L = Lpg, + 2000L,. When the helium ignition occurs, the core
expands slightly and the envelope contracts (which is just the reverse of the original
evolution) causing the star to move down ward horizontally. The star now settles to a
new equilibrium configuration with a helium burning core and a hydrogen burning shell.
During this period, the luminosity of the stars remain roughly constant (earning them
the name horizontal branch stars) at

M

L L
He _ [0.763m%% = + 50m>'|, where m = — (2.43)
Lo Lo Mo

Its radius, however, decreases making the star evolve along the horizontal line . During
its evolution in the horizontal branch, the stars convert the mass in the helium core
(about 0.45 M) into oxygen and carbon in almost equal proportion. These reactions
typically release a fraction 7.2 x 10~ of the rest mass energy. Taking the luminosity

of a horizontal branch star to be about 50 Ly, we find that the lifetime of a star in the

0.45 Mo
50 Lo,

shorter than the time spent in the main sequence. A more precise fitting function for the

horizontal branch is about fyg ~ 7.2 x 107*x ( ) = 0.1 Gyr which is considerably

time scale for core helium burning is given by

t
B~ (0.0886 + 4.748 x 10™*m + 1.186 x 10™°m?), (if ~ m > 10) (2.44)

ms

t
B (37.58 = 23.5m + 4.406m?)™", (if m < 10) (2.45)

ms

Eventually, the helium in the core will get exhausted and a similar course of events
take place again. The star will burn helium to carbon in an inner shell around the
collapsing inert carbon core and, of course, hydrogen to helium in another outer shell.
In a sufficiently high mass star, there could be onion-like structure with different nuclear
reactions taking place at different shells. A high mass star (M > 8 M) can continue to
burn hydrogen (for about 7 X 100 yr), helium (5 X 10° yr), carbon (600 yr), neon (1 yr),
oxygen (0.5 yr) and silicon (1 day) leading to an iron core with the time scale spent in
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each phase being progressively shorter as indicated in the bracket. The overall giant
phase of evolution lasts for about 0.157y. It is conventional to split this giant evolution
into a red giant phase (before helium ignition) and a super giant phase (after core helium

has been exhausted).

The outer regions of the star can expand to very large radii (of several AU) at this stage.
The temperature in the star’s envelope can get sufficiently low so that solid particles
can condense out of vapour phase producing "dust". (This is exactly how you get soot
particles up in the chimney.) The dust particles will be blown away from the star by
radiation pressure thereby leading to a stellar wind which can result in a mass loss of up

to several times 107> Mg yr~!.

The evolution is different for low mass stars which do not get hot enough to ignite
anything beyond helium. During the later part of evolution, the outer regions of the
star undergo violent instabilities leading to an eventual ejection of significant fraction of
material in the form of a planetary nebula. The core region will become a white dwarf

supported by the degeneracy pressure of electrons.

2.6.2 Evolution from main-sequence

Once hydrogen burning begins in the core of a protostar, it becomes a main-sequence
star. The main-sequence (hydrogen-burning) phase is by far the largest fraction of a star’s
lifetime, and therefore most stars observed in the sky are main-sequence stars. During
this time, stars burn quietly, and change slowly. Stars on the ZAMS are in hydrostatic
and thermal equilibrium with an almost homogeneous composition (mainly hydrogen).
Once the star is born on the ZAMS, it undergoes quiescent hydrogen core burning for
about (80 — 90)% of its life time on the main- sequence. During the main-sequence
stage, stars burn hydrogen in their cores via nuclear fusion. They spent most of their
lifetimes on the main-sequence. The duration of the MS depends on the stellar mass:
the lower mass stars will consume all the fuel in the stellar core slower but higher mass
stars consume quicker. The relationship between main-sequence lifetime, ¢, and mass,

M, of a star can be expressed mathematically as
-2.5
t M
~ = (_) (2.46)
to Mo

where tg is the main-sequence lifetime of the Sun and Mg is the mass of the Sun. The
Sun’s main-sequence lifetime is estimated to be 10 billion years. A star 10 times as
massive as the Sun has a main-sequence lifetime of only 30 million years. A star 0.1

times as massive as the Sun has a main-sequence lifetime of 3 trillion years.
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Figure 10: The evolution of a star in the HR diagram from the zero age main sequence (ZAMS) to the
termination of the AGB for a 1 Mg star (left) and a 5 Mg, star (right). The main stages of evolution
mentioned in the text are marked (Maercker, 2009).

When the star is in main-sequence, it is essentially converting hydrogen into helium in
its core and maintains balance between the energy produced and energy radiated out.
Even in the main-sequence, its radius and luminosity are varying slightly. For example,
the 5 Mg star shown in Figure 10 will move from the ZAMS while burning hydrogen
in the core. Eventually, at # > #yg, the hydrogen in the core runs out and the stellar
evolution moves to the next stage. When stars leave the main-sequence, they begin
burning hydrogen in an expanding thin shell around the core. Helium ash falls onto the
core, increasing the mass and the density of this core. The hydrogen-burning shell grows
in radius as the interior fuel is depleted. The outer layers of the star swell and cool, and

so the star becomes a red giant, and occupies the giant branch on the H-R diagram.

MS stars with masses above 2 Mg have a convective core surrounded by radiative
envelope, stars with masses below 1 Mg have a radiative core surrounded by a convective
envelope and the MS stars with masses 1 Mg < M < 2 Mg have convective cores and
convective outer envelopes with in between a radiative envelope. Hydrogen exhaustion
in the core is followed by formation of a helium core where the star can not produce
enough energy to stop contraction. As the central part of the star contracts, hydrogen
burning starts in a shell surrounding the core via the CNO process. Energy production is
concentrated in the regions of the highest hydrogen content and the highest temperature.
This high temperature causes high pressure just outside of the core causing the hydrogen
envelope to expand hence the star leaves the MS and evolves on to the red-giant branch
(RGB) which occupies between 108 to 10° years for a one solar mass star. With
increasing mass, the time on the RGB strongly decreases. In RGB, it is characterized
by a convective envelope penetrating in to the deep layers. This penetration may be

so deep that the convective envelope reaches material already processed by hydrogen

32



burning, enriched in helium (*He), nitrogen (!N) and carbon (!3C) while depleted in
carbon ('2C) and oxygen. This brought to the surface in a process known as "dredge-up"
or first "dredge-up" if it occurs on the RGB. In another way as the star ascends the HR
diagram close to its Hayashi track, the outer convective envelope occupies about 70% of
the total stellar mass. The convection zone reaches areas containing products of internal
nucleosynthesis which are transported to the stellar surface. This phenomena is called
the first dredge-up and it transports mainly products from the CNO cycle to the stellar
surface (Padmanabhan, 2006).

The following rise in luminosity at almost constant temperature is known as RGB phase.
Along the RGB, the star continues to expand due to the contracting core. The star
has a hydrogen burning shell surrounding a helium core which heats as it contracts.
This contraction lasts until the core becomes degenerate. It means the gravitational
contraction will be balanced by degeneracy pressure which is independent of temperature
and pressure. When the central temperature of the star has reached around 10® K, the
central helium burning in the stellar core ignites which has not yet become electron-
degenerate and heats up the core. As the energy production and temperature increases,
degeneracy is lifted, temperature increases, pressure increases and core expands to
find a new equilibrium configuration. At this stage, the hydrogen burning shell also has
expanded and has lower temperature and density causing the shell to produce less energy
than before. The star at this stage is called horizontal branch (HB) star which lasts for
about 10% of the total stellar lifetime. On the horizontal branch, the star burns helium
in the core, and hydrogen in a shell surrounding the core. The stars become hotter and
smaller during this phase, and move across the H-R diagram. These stars stay at about

the same luminosity.

For lower mass stars, the transition from the RGB towards the horizontal branch is more
explosive. Central helium burning is ignited in the electron degenerate core. As pressure
is no longer related to temperature, the material doesnot expand while temperature is
strongly increasing due to helium burning. This creates an increasingly efficient helium
burning as temperature still increases and increases the core luminosity significantly:
the star undergoes a helium flash (Palen, 2001). It means if a star is about as massive as
the Sun (< 2 Mg), then it will undergo a helium flash while on the giant branch. During

a helium flash, the star undergoes a series of changes deep within:

1. As helium ash from the hydrogen-burning shell falls onto the core, the helium

core gains mass, and shrinks, increasing in density.

2. The electrons in the core become degenerate and the temperature increases without

increasing the pressure, so the core can no longer expand.

3. The hydrogen-burning shell makes more ash; the helium core continues to grow.
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4. The temperature in the degenerate core rises to 100 million K; the mass in the

degenerate core accumulates to 0.6 M.
5. Helium fusion begins suddenly in the core.

6. Because the core is made of degenerate electrons, the pressure and temperature
are not related. Even though the core gets hotter, the pressure stays the same, and

the core does not expand.

7. However, the higher temperature increases the rate of helium burning, further

increasing the temperature.

8. Temperature and burn rate increase until 7 ~ 300 million kelvin. For a few
minutes, the energy production of the core of the star is about 100 times the entire

energy production of the Milky Way Galaxy.

9. At 300 million kelvin, the electrons stop being degenerate, the interior expands,

and the temperature and density drop.

10. This is all deep inside. Most of this energy is consumed in puffing up the core. The
outside of the star contracts somewhat, raising the temperature, so that it becomes

a yellow giant.

Stars with mass greater than 2 Mg do not have helium flashes. The temperature rises too
fast for the electrons to become degenerate. They do begin to burn helium in their cores,
just not explosively. Once helium burning begins in any star, there are two sources of
energy - the helium-burning core, which is turning helium into carbon and a little bit of
carbon into oxygen, and the hydrogen-burning shell, which dumps more helium into the

core as it burns outward through the star.

Eventually, the star runs out of helium in the core. It moves back across the horizontal
branch as the surface temperature falls, and onto the asymptotic giant branch (AGB).
A period of stellar evolution under taken by all low to intermediate mass stars (0.6 Mg
to 10 M) late in their life is called Asymptotic Giant Branch (AGB) phase. Figure
11 shows the internal structure of a star when it reaches the AGB. The structure is
characterized by: (i) a small, very hot and dense core of carbon and oxygen; (ii) He-
and H- alternately burning shells; (iii) a large, hot, and less dense stellar envelope; (vi)
a warm atmosphere and a very large, diluted and cool circumstellar envelope. Although
only short in duration, the AGB is very important due to the nucleosynthesis which

occurs.

When a star exhausts the supply of hydrogen in its core, the core contracts and its
temperature increases, causing the outer layers of the star to expand and cool. Stars at

this stage of stellar evolution are known as AGB stars. While ascending the giant branch,
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by a He-burning shell above the core and a H-burning shell below the deep convective envelope. Note
a thin, inactive buffering layer of hydrogen in between the hydrogen burning shell and the convective
envelope (Karakas et al., 2002).

the star is characterized by a contracting, inert core of helium, a hydrogen-burning shell,
and an expanding envelope. The energy from the core and shell raises the luminosity
by a factor of almost 10°. The temperature in the core eventually reaches the point
where helium can begin to fuse, forming ('>C). The star then moves to the left in the HR
diagram, tracing the horizontal branch. After another 10® yr, helium burning exhausts
itself in the core and shifts to an outer shell. The star, now containing two burning shells,
ascends the asymptotic giant branch, so called because it approaches the original giant

branch.

AGB stars are typically long period variables, and suffer large mass loss in the form
of a stellar wind. A star may lose 50% to 70% of its mass during the AGB phase.
The stellar winds from AGB stars are the main production sites of dust in the universe.
The AGB stars emit the particles as a stellar wind with a velocity of (5 — 75) km s~
The evolution that follows core helium burning depends strongly on the stellar mass.
The mass determines how high the central temperature can become and the degree of
degeneracy when heavier nuclear fuels are ignited. When the central helium supply is
exhausted, helium will continue to burn in a shell, while the hydrogen burning shell is
extinguished. In the HR diagram the star will move towards lower effective temperature
and higher luminosity. This phase is quite similar to the red giant phase of low-mass
stars, although the temperatures are slightly hotter. For this reason it is known as the
asymptotic giant branch, AGB. After the early phase, when the helium shell catches up
with the extinguished hydrogen shell, the AGB star enters what is known as the thermally
pulsing phase, where hydrogen and helium shell burning alternate. A configuration with

two burning shells is unstable, and in this phase the stellar material may become mixed or
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matter may be ejected into space in a shell, like that of a planetary nebula. The thermally
pulsing AGB continues until radiation pressure has led to the complete expulsion of the
outer layers into a planetary nebula. Low and intermediate mass giants never become
hot enough to ignite carbon burning in the core, which remains as a carbon oxygen white
dwarf (Karttunen et al., 2007).

Depending on the temperature, density, and ionization state of a portion of the ISM,
different heating and cooling mechanisms determine the temperature of the gas.The
evolution on the AGB can be divided in two stages: the Early AGB (running almost
parallel to the RGB in the HR-diagram), and the Thermal Pulse (TP-AGB) phase. These

phases will be discussed in next topic.

2.6.3 Early AGB Phase

When the helium in the center has been converted in to carbon (and oxygen) i.e., trible
alpha (3a@) process has finished, the He-burning zone moves outward, and the core of
C+O0 contracts until it has a very high density, approximately the same of a white dwarf.
In such condition, size of the stellar envelope is about 10° m and temperature is about
10% K. The contraction of the core and the expansion of the envelope lead to a rapid
increase in luminosity which is the start of the Early AGB phase: the stage at which
He burns in a shell, producing most of the energy. While the abundance of He in the
centre goes to zero, He-burning continues in a shell around a degenerate C-O core. The
nuclear energy production is dominated by the He-shell that burns outward in mass. In
the meantime, the H-layer around the He-shell expands and cools so efficiently that H-
shell burning extinguishes so that convection of the envelope sets in and moves inwards.
When helium in the core is used up, energy production shifts to helium burning in a shell
and the outer layers of the star expands. The star evolves towards the early AGB phase
and becomes a red giant for the second time following the track of RGB (Padmanabhan,
2006).

According to Iben (1983), the convective envelope of stars of = 4.6 Mg, reaches layers
with processed material of the CNO-cycle after core He exhaustion. The elements
(mainly He and N), are then dredged up to the surface (second DUP). The expansion of
the outer layer extinguishes the hydrogen-burning shell in the intermediate mass stars,
which causes the convective envelope to move inward for a second time. This second
dredge up brings the hydrogen burning products, mainly helium and nitrogen to the
surface but in case of low mass stars, hydrogen burning shell remains active, which
avoids a deeper penetration of the convective envelope means hydrogen burning shell is

not extinguished so that no second dredge up occurs.

In the HRD, the star of = 4.6 Mg, evolves almost parallel to the RGB, subsequent
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shrinking of envelope leads to a decrease in luminosity and heats the inner region of
the convective envelope. Consequently, the H-shell reignites, which marks the end of
the early AGB phase. In the material that is dredged up hydrogen has been completely
converted into helium, while in CNO cycle, (12C) and (160) have been converted into
("*N). This material is mixed with the outer convective envelope and appears at the
surface. The second dredge-up has a qualitatively similar but more dramatic effect
than the first dredge-up phase which occurred on the Red Giant Phase. An additional
important effect of a second dredge-up is the reduction of the mass of the H-exhausted
core which limits the mass of the white dwarf. Thus the occurrence of second dredge-up

increases the upper initial mass limit of stars that produce white dwarf (Herwig, 2005).

2.6.4 Thermally Pulsating AGB Phase

The thermally pulsating AGB phase is the stage of the AGB star’s life where He and
H are intermittently burning. At the end of the early AGB phase, the H-burning and
He-burning shells are thin and close together which combined with the high temperature
dependence of the He-burning reactions and makes the environment thermally unstable.
After the helium exhaustion in the shell, the hydrogen-burning shell takes over until
enough helium has been produced. The hydrogen burning in the shell produces freshly
synthesized helium and consequently, a steady increase of the helium and consequently
increase in the helium shell mass. If the helium shell is sufficiently massive, it will re-
ignite and new helium-burning will control the evolution. In such condition, the helium
burning shell is said to be thermally unstable and it undergoes thermal pulses recurrently.
A thermal pulse or a He-shell flash is a cycle in which the energy source of the star
alternates between the helium burning and the newly ignited hydrogen burning in two thin
shells which are separated by helium rich intershell. The TP-AGB phase is characterized
by two nuclear burning shells (H and He) surrounding an electron-degenerate carbon-
oxygen core and a deep convective envelope. According to Schwarzschild & Héarm
(1967), thermal pulse may occur in both low and intermediate mass stars and huge
amount of energy is released. Such sudden rise in energy production generates a
convective layer between the H-and He-shell called the pulse-driven convective zone
(PDCZ) which penetrates to the intershell region and mix carbon and oxygen enriched
material to the surface (third dredge-up). Actually helium burning shell is thermally
unstable and produces thermal pulses in every 10* years or so, depending on the core
mass and composition of the star. In each thermal pulse, the He burning luminosity
can reach up to Ly, ~ 10® Lo. Most of the luminosity goes into expanding the outer
layers. This strong expansion drives the H-shell to cooler, less dense regions which
has the effect of extinguishing the H-shell so that the inner edge of the deep convective

envelope can then move inward (in mass) and mix to the surface the products of internal
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nucleosynthesis. This mixing event, which can occur periodically (after each TP), is
known as the third dredge-up (TDU) which is the mechanism for producing carbon stars
(Karakas et al., 2002). It is important to note that mixing events occuring during these
thermal pulses are responsible for the transport of carbon and s-process elements to
the surface (Iben and Renzini 1983). After dredge-up, the star contracts, re-ignites the
H-shell and enters a phase of quiescent H-burning, known as the interpulse phase. The
thermally pulsing AGB is the phase after the first thermal pulse to the time when the star

ejects its envelope, terminating the AGB phase.

Towards the end of the thermally pulsating-AGB phase, the stars undergo a heavy mass
loss. Pulsations with increasing amplitudes, dust driven winds push the matter of the
outer envelope to distances, where it loses its gravitational bound to the star and merges
with the interstellar medium. During that time, the luminosity increases with decreasing
mass of the H-shell. The duration of the TP-AGB phase is determined by the growing
mass of the degenerate C-O core and the decreasing mass of the outer layers. As soon

as the whole envelope is thrown out, the star ends this phase.

2.6.5 Thermal Pulses and Third Dredge-up

When the luminosity of the star is ~ 3000 L, star becomes able to burn both He and
H shells. Periodically, the He produced by H burning is accreted onto the He shell,
and "helium shell flashes" occur as a result mass of the central core is increased by the
"flashes" of the thin He-layer around the core into C, and a convective intershell develops.
These short moments (timescales of ~ several tens of years) are called "thermal pulses",
and the object undergoes a luminosity modulation means luminosity increases sharply.
During AGB evolution, the helium-burning shell is thermally unstable and causes energy
bursts called thermal pulses or flashes repeating apparently every 10* years leading to the
development of a convective zone in the shell (Karakas et al., 2002). As the star ascends
the AGB, burning of hydrogen and helium will turn in to a process called thermal pulse
cycle and the phase where hydrogen burning-shell dominates is known as the "inter-
pulse phase" which is interrupted by the helium-shell instabilities. The thermal pulse
drives the convective zone between the helium and hydrogen burning shells so that the
fusion products of the helium-burning shell including (*>C) and some (!60) are mixed

throughout this region.

The creation of an intershell convection zone (ISCZ) allows the star to effectively mix up
products from He-burning (mainly '?C) into the intershell region and after the He-shell
flash, the luminosity slowly increases to a maximum value just before the next shell flash.
During this ‘quiet’ phase, the base of the convective envelope reaches into the intershell

region enriched with new elements created in the ISCZ due to various processes, mainly
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Figure 12: Schematic view of the process of the third dredge-up in a two solar mass AGB star after a
thermal pulse. Red and blue line indicate the boundary of the H and He free core respectively. Green are
the zones of convection (Herwig, 2005).

the s-process (will be discussed below), and mixes them up to the surface called third
dredge-up (Figure 12). Actually Dredge-up is the convective mixing process which
brings material processed by nucleosynthesis to the surface, where it can be observed
and ejected into space through wind as mass loss. Mixing (Dredge-up) occurs when the
envelope expands and cools as the core contracts after the end of a dominant nuclear
burning event. The first dredge-up occurs to the deepening convective envelope after
the end of H-core burning, the second dredge-up occurs to the descending convective
instability after the end of He-core burning. After the end of the flash-burning in the
He shell, each thermal pulse on the AGB provides similar favorable conditions for the
convective dredge-up of material. This third dredge-up brings primary nucleosynthesis
products from combined H-shell and He-shell burning to the surface which include
in particular C, the s-process elements, as well as He (Herwig, 2005). An important
process, fundamental for the creation of C-rich stars, happening during a thermal pulse
is the dredge-up specially third dredge-up. It is possible when convection reaches the
layers where nuclear processes occured and can bring material to the stellar surface.
This matter is enriched by products of nuclear-burning, especially "new" carbon. The
process is also called third dredge-up, if the process can last long enough, the abundance
of C in the atmosphere will exceed the one of O. In the initial stage on the AGB, it
has C/O ratio well below unity and in each third dredge-up mixes a certain amount of
mass (~ 6 x 107> My, for a core mass of 0.6 Mg , less for larger core masses) with
the intershell-abundance distribution into the envelope (Herwig, 2005). The intershell
contains 5 to 10 times more C than O and, as a result, the envelope C/O ratio increases
with each dredge-up event until eventually the C/O ratio exceeds unity and a C star is

formed. The process of the third dredge-up was discovered at the same time by Iben
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(1975), Sugimoto & Nomoto (1975) and a schematic view of this process is shown
in Figure 12. During early AGB phase, the He shell dominates nuclear production,
burns outward in mass and reaches the H shell. At that point, nuclear energy release
is dominated by the H shell and interrupted periodically by thermonuclear runway of
He shell flash events that ignite a complex series of convective and other mixing events
shown in Figure 12. According to Iben & Renzini (1981), four phases can be detected
in a thermal-pulse cycle. An on-phase, when the He shell is burning brightly, produces
luminosity up to ~ 10® L, and an energy that cannot be transported just by radiation
alone, leading to the development of a convection zone in the He rich intershell, exactly
above the He burning region called "intershell convective zone" driven by the thermal

pulse. Composition of the intershell convective zone has shown in Figure 11.

There is a physical quantity 4 which quantifies the efficiency of third dredge-up. It
depends on physical parameters such as the core mass, metalicity as well as total mass
of the star and is defined as the ratio of mass dredged-up by the convective envelope,
AMpyp, to the amount by which the core mass increased due to H-burning during the

preceeding interpulse phase, AMc;

_ AMpup

A
AMc

(2.47)

How A depends on these factors is still unknown but A increases with core and envelope
mass and with decreasing metalicity (Karakas et al., 2002). The biggest difficulty
encountered in estimating A is due to the uncertainties in calculating the amount of
convective overshoot occuring at the convective boundries. Karakas et al. (2002) have
presented calculations with and without mass loss with the explicit aim of studying how
dredge - up depends on mass and metalicity. These calculations show in agreement
with many previous calculations. In the calculations, for intermediate mass stars,the
parameter A reaches very close to unity and it (4 = 1) implies that the core is not

effectively growing.

2.6.6 Hot-Bottom Burning

This is the process of H-burning at the bottom of the convective envelope. This only
occurs above a certain stellar mass > 4 Mg. The process stops when the envelope has
lost too much mass. The evolution of thermal pulses on the AGB is not independent
of stellar mass. For AGB stars with initial masses greater than 4 Mg, outer part of the
H-shell is included in the convection of the envelope. Consequently, temperature at the
bottom of the convective envelope rises and the dredged up C is efficiently converted into
N. This process, called hot-bottom burning, causes massive AGB stars to remain O-rich.

In another way for stars with M 2 4 Mg, the temperature at the base of the convective
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envelope during the interpulse period becomes so high (Tgcg = 3x107 K) that H-burning
reactions take place. Thus the process when the CNO cycle operates on material in the
convective envelope during interpulse period is called hot bottom burning (Herwig,
2005). It means for massive AGB stars (Mg, > 4 Mg), the convectively unstable
envelope may penetrate into the top of the hydrogen shell where the temperature can reach
as high as 10® K. Such penetration results in nuclear burning at the bottom of convective
envelope. At this stage, the CN-cycle, processing (12C) into ('3C) and (**N),is activated.
This process is known as hot-bottom burning and may destroy the newly-formed carbon
and prevent the star from becoming a carbon star. Hot-bottom burning transfers dredged-
up C efficiently into N, which initially prevents C-star formation (Boothroyd et al., 1993).
The added production of nuclear energy leads to the break-down of the core mass-
luminosity and core mass-interpulse period relations, resulting in higher luminosities
and a sudden shortening of the interpulse period. However, at the end of the AGB
evolution mass loss has reduced the envelope mass and hot-bottom burning becomes less
efficient. According to Frost & Lattanzio (1996), the DUP of the carbon in intermediate
mass stars with small envelope masses might become more efficient that HBB, which

would lead to the most luminous C stars.

During HBB, the star may also experiance mass loss which is one of the major importance
to the dredge-up process. Both hydrogen burning at the bottom of the envelope and mass
loss from the stellar surface will reduce the mass of the envelope. AGB evolution ends
to white dwarf stage, when the envelope mass becomes too small to support nuclear
burning. Important consequences of HBB are the Production of (“Li) (Cameron &
Fowler, 1971) and (*°Al) by Mg-Al cycle (Mowlavi & Meynet, 2000).

2.6.7 S-Process Nucleosynthesis in AGB Stars

During the third dredge-up, the convective envelope does not only transport material from
the He intershell region to the surface but also injects protons into the intershell which
is the start of the slow neutron capture nucleosynthesis or s-process nucleosynthesis,
(Gallino et al., 1998). The s-process creates heavy elements by neutron capture which
is slow with respect to the competing S~ decay. AGB stars produce so-called s-process
elements. The s-process is the process of slow neutron capture. Since binding energy
per nucleon peaks is around Fe so neutron capture is the only way to make elements
beyond the Fe peak. Approximately half of the known elements heavier than iron are
produced by a process, called s-process (Arlandini et al., 1999) and the processing of
material in the star (starting with H and He) causes the abundances of heavier elements in
the star to change. AGB stars are particularly important for the production of s-process

elements, and are known to be main site where about 50% of all elements heavier
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than Fe are produced (Busso et al., 2004). It is also important for isotopic ratios and
in some cases of lighter elements particularly at extremely low metalicity. Elements
heavier than iron are formed through slow (if compared to the competing S-decay)
neutron captures and during a neutron capture process, the mass number of an isotope
increased by one, where as the following S-decay has no influence on the mass number.
In this way, s-process produces heavier elements with mass number up to 204 (Herwig,
2005). For production of elements beyond iron, a neutron capture process is required.
In AGB star, the helium rich intershell region provides a suitable environment for the
production of s-process elements. The typical time scales for the slow and rapid neutron
capture processes are thought to be 10* year and 10* second respectively. There are
two possible sources of neutrons for the s-process in low and intermediate mass AGB
stars (Herwig, 2005). The first neutron source is the BC(a,n)'0 reaction, which is
found to be the dominant neutron source in low-mass AGB stars ((Smith et al., 1987)
and (Gallino et al., 1998)). This reaction takes place at a temperature of 9.0 x 107 K in
the He-rich intershell during interpulses. After a thermal pulse, the convective hydrogen
envelope penetrates the upper layers of the intershell where it injects protons with
decreasing number density with increasing depth. This mixing process is called partial
mixing. It provides the necessary protons to transform the '>C, which has been mixed
throughout the intershell during the thermal pulse, into '3C via the reaction '>2C(p,y)
BN(B*)13C creating a so-called '3C-pocket. The second source is the >*Ne(a,n)>>Mg
reaction which is the dominant source in intermediate mass stars (Herwig, 2005). This
reaction needs high temperatures of about 3.0 x 10 K which is obtained at the bottom
of the convective thermal pulse. During He burning, '*N is transformed into 2’Ne via
4N(a, y)BF(8*)'80(, y)**Ne. From these discussions, it is clear that neutrons are

produced via mainly two reactions (equations (2.50) and (2.51) which are given below:

2C1p—BN+y (2.43)
BN +8 —"BC+v (2.49)
BC+a—% +n (2.50)
UN+a—y+8F B4 —180 (2.51)
BOo+a — 0% +2Ne 2Ne + a —>25Mg +n (2.52)
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Similarly other possible neutron producing reactions involving '°0, 170, 130, ?!Ne,
2 Mg or 2Mg are

160 +1%0 —3I1Si +n (2.53)
70+ o —®Ne +n (2.54)
B0 +a —?Ne+n (2.55)

2Ne + @ —*Mg +n (2.56)

BPMg + o —BSi+n (2.57)

26Mg +a —Si+n (2.58)

The s-process does not produce elements beyond Pb and the counterpart of the s-
process is the rapid neutron capture process (r-process), which produces heavy elements
and requires very high temperature. Such high temperature is possible in objects like

supernovae, novae and X - ray binaries.

2.6.8 Structural Evolution of AGB Star

Low mass stars are those stars which develop an electron - degenerate core immediately
following the main sequence phase having lower limit of about (0.8 to 1.0) M and upper
limit of about (2.0 to 2.3) M (Iben & Renzini, 1981). Intermediate mass stars are those
which ignite helium "non-degenerately"”, but develop an electron-degenerate core of
carbon-oxygen following the exhaustion of helium at the center with upper limit of about
(8.0t0 9.0) Mp. When low mass stars behave quantitatively like intermediate mass stars
during their subsequent evolution, low mass stars also develope an electron-degenerate
core of carbon-oxygen after the exhaustion of central helium. This common phase of
low and intermediate mass stars is referred as the asymptotic giant branch (AGB) phase
and the stars are asymptotic giant branch stars. AGB stars are low and intermediate
mass stars ranges ~ 0.8 Mg to ~ 8.0 Mg (Habing & Olofsson, 2003) driven by nuclear
burning. It is final nuclear burning stage and this phase of evolution is characterized by
nuclear burning of hydrogen and helium in thin shells on top of the electron degenerate
core of carbon and oxygen or for most massive super AGB stars a core of oxygen, neon
and magnesium. This part of the stellar evolution is characterized by luminous, very

cool extended objects having high luminosity, low surface temperature(< 3500 K).

Low and intermediate mass stars proceed after completion of central hydrogen and he-
lium burning through the AGB phase before they finally end their evolution as white
dwarf (Weidemann & Koester, 1983). After the completion of central hydrogen burn-
ing on the main-sequence, hydrogen burns in a shell around the helium core and the

envelope expands due to core contraction. Due to it, radius is increased and effective
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Figure 13: A graphical representation between mass-wise extension of convective regions and burning
shell with time (age/107 yr). Light regions show burning shell and dark shaded regions show convectively
unstable region. Inlet shows the evolution on the upper AGB. The spikes refer to the thermal pulses which
will be discussed later (Bloecker, 1995).

temperature is decreased so that the star ascends the red giant branch (RGB). For stars
of mass M < 2 Mg, the helium cores become electron-degenerate and ignite central
helium burning at the tip of the RGB under degenerate conditions (helium core flash).
But for intermediate mass stars, they do it non-degenerately. During the RGB evolu-
tion, the convective envelope moves downwards reaching layers which have previously
experienced H-burning (first dredge-up) leading to the mixing of processed material
to the surface (Figure 13). The star becomes a red giant for the first time, when first
dredge-up takes place. Major results during first dredge-up are a doubling of the surface
14N abundance, a reduction in surface '2C abundance approximately 30%, the formation
of a surface 2C/'3C ratio of about 20 to 30, a reduction in surface Li and Be by several
orders of magnitude and practically there is no change in the surface abundance of '°0
(Iben and Renzini 1983). In the dredge-up process, base of the convective envelope
moves inward (in mass) through matter and is pushed out from the helium-burning shell.
Due to it, opacity increases and temperature decreases in the expanding layers as a result
there is an increase in the outward flux of energy produced by helium burning and the

release of gravitational potential energy from the contracting core.

Second dredge-up phase accompanies the formation of an electron-degenerate core,
following the exhaustion of central helium. For most massive intermediate mass stars,
hydrogen has been completely converted into helium, both '>C and '®O have been com-

pletely converted into '*N. During the second dredge-up phase, there is first increase in
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temperature due to release of gravitational potential potential energy and then decrease in
temperature due to energy loss via neutrinos in the rapidly contracting helium-exhausted
core. It means for highly electron-degenerate core, temperature is not high enough for
carbon to burn until the core mass approaches the Chandrasekhar mass (Iben & Renzini,
1983).

In order to understand AGB phases more clearly, they are further divided into two
periods: early-AGB phase and thermally pulsating pulsating (TP-AGB) phase. First and
the longest period is the early AGB phase. During this period, the hydrogen burning
shell is extinct and the helium burning shell is narrow, provides most of the energy
reaching the stellar surface. At the end of the early-AGB phase, hydrogen is re-ignited
in a thin shell and the star begins to pulse thermally. It means the star has entered the
thermally pulsating AGB (TP-AGB) phase.

Figure 12 shows the structural evolution of a thermally pulsing AGB star over time
with the burning shells. During the TP-AGB, intervals of quiescent H-shell burning
are interrupted by thermal pulses and the He-burning shell gradually moves further
out in mass, reaching colder temperature layers and fades out. The H-burning shell
moves outwards on top of the practically inactive He shell, increasing the mass of
the He intershell with newly-synthesised He. Gravitational contraction by the core
increases the temperature and densities of the He-burning shell. When the shell re-
ignites, a thermal pulse is produced, causing a thermonuclear runway of He shell flash
event. This interrupts the radiative state of the He intershell and makes it almost
completely convective which transports away the excess of energy and thereby mix
newly-synthesised carbon and oxygen within the He-rich intershell almost up to the
H-burning shell. At the end of the thermal pulse, the intershell expands and radiates
away the energy produced by the He burning so that the expansion ends the convective
thermal pulse and lifts the H-burning shell to lower temperatures where it temporarily
fades out. In such condition, the convective envelope penetrates the He-rich intershell
to transport away the energy: such mixing process is called the third dredge-up. The
efficiency of the third dredge-up is most important and will strongly effect the further

chemical evolution of AGB stars.

2.6.9 Chemical Evolution of AGB Star

Figure 14 shows the chemical evolution of AGB stars so that their different stages
can be understood. In main sequence, the chemical composition of the outer stellar
envelope remains almost untouched by the nuclear fusion in the core. However, there is
depletion of lithium (Li) in the chemical composition of main sequence stars, although

the mechanism behind this depletion is not fully understood ((Pace et al., 2012), and
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Figure 14: Possible evolutionary tracks for the classification of AGB stars. Low mass stars remain as M -
type miras and high mass AGB stars remain as OH/IR stars but intermediate mass stars changes to carbon
stars through S stars. (Suh, 2014).

references therein). Apart from Li, the chemical composition of the surface layer of main
sequence stars resemble the initial composition of the star. The surface composition is
altered by mixing events during which the large outer convective layers penetrate to
the deep interior regions where products of internal nucleosynthesis takes place. These
burning ashes are then transported by the convective envelope to the stellar surface
where they alter the chemical composition of the surface. Such mixing events are called

dredge-ups which can strongly change the surface composition.

The first dredge-up takes place during the ascend on the RGB (Iben, 1967) and its
strength strongly depends on multiple factors like initial mass and metallicity. These
factors determine how deep the first dredge-up will penetrate and how strong it alters the
surface composition. During the first dredge-up, the outer convective zone penetrates
into the layers with products of hydrogen burning via partial CNO processing during
the main sequence. It means, the first dredge-up has main effect to change surface
composition of light elements with depletion of '>C abundance and an increase in “He,
13C and especially '*N (El Eid, 1994; Boothroyd & Sackmann, 1999).

The second dredge-up takes place during the E-AGB phase for stars with initial masses
with M > 4 Mg,. Like first dredge-up, the outer convective envelope penetrates into the
inner regions with the end-products of H burning via the complete CNO cycle and hence
it alters the surface abundances of the same isotopes as the first dredge-up: depletion of
12C and an increase of the H-burning ashes “He, '3C and '“N, for which the strength of
alteration is strongly dependent on initial mass (Becker & Iben, 1980; Becker, 1981).

During thermal pulses, He-burning shell becomes thermally unstable so that He-burning
ashes at the bottom of the He intershell are mixed with higher intershell layers by the
convective zone generated by the strong He-shell burning. In each thermal pulse, the
envelope expands and the inner border of the envelope will first move away from the
stellar core but when the star again contracts, the inner border of the convective envelope

will penetrate the He intershell which lies below the inactive H-burning shell. This
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mixing event is called the third dredge-up (TUP). It is believed that the efficiency of
the TUP increases with increasing core mass and decreasing metallicity. It means each
dredge-up mixes a certain amount of intershell material with the envelope. Actually,
He-burning ashes consist of carbon and oxygen where carbon is five to ten times more
abundant than oxygen so that '2C is a direct product in the intershell of the triple-
a reactions. On the other hand, oxygen is only significantly produced in the deeper

radiative parts of the He shell as it requires higher temperatures to form than carbon.

Chemical evolution of AGB stars would be very different according to their initial mass
and metalicity. Groenewegen et al. (1995) and Blocker et al. (2000) presented certain

scenarios by assuming solar metalicity for different initial masses. They are:

1. For masses, M < 1.55 Mg: Such stars lying in this mass range never become
carbon stars beacuse they experience only a small number of thermal pulses until

they terminate from their AGB evolution.

2. For masses, 1.55 Mg < M < 2 Mg: Such stars lying in this mass range become
carbon stars when they experience their last thermal pulse during the AGB phase.

The stage to an S star is skipped.

3. For masses, 2 Mg < M < 4 Mg: Such stars lying in this range experience
sufficient number of thermal pulses , all the stars become carbon stars at some

point. But after a few thermal pulses, they pass through the S star phase.

4. M > 4 Mg: Such stars lying in this range do not become carbon stars because
they become hot enough during hot - button burning processing so that carbon is
converted into N by means of the CN cycle. But such stars always remain M

type stars because their surface abundances changes significantly.

Carbon stars are generally believed to be the evolutionary successors of M-type Mira
variables that have thin oxygen-rich dust envelopes. When AGB stars of intermediate
mass range go through carbon ‘dredge-up’ processes, and thus the abundance of carbon
is larger than that of oxygen, oxygen-rich dust grain formation ceases and the stars
become visual carbon stars. After that phase, carbon-rich dust grains start forming and
the stars evolve into infrared carbon stars with thick carbon-rich dust envelopes and very
high mass loss rates (Iben, 1981; Chan & Kwok, 1990).

2.7 Post-AGB Star
When the mass of the H-rich envelope becomes very small i.e., in the range (1072 —

107%) M, depending on the core mass, the envelope shrinks and the star leaves the AGB.

Since the H-burning shell is fully active and the star follows the core mass-luminosity
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relation so that the decrease in stellar radius occurs at almost constant luminosity.
Thus the star follows a horizontal track in the H-R diagram towards higher effective
temperatures and this phase of evolution is called the post-AGB phase of evolution.
The typical timescale for this phase of evolution is ~ 10* yr. During this phase, the
star remains in complete equilibrium :the evolution towards higher T.¢ is caused by the
decreasing mass of the envelope, which is eroded at the bottom by H-shell burning and

at the top by continuing mass loss.

When the AGB star has exhausted its outer envelope, the AGB phase ends. At this stage
the mass loss virtually stops, and the circumstellar gas and dust shell begins to drift
away from the star. At the end of the TP-AGB phase, the envelope mass is strongly
reduced down to 0.05 Mg, due to the strong mass loss and the star now evolves towards
high temperatures at an almost constant luminosity. When the mass of the hydrogen -
rich envelope drops to ~ 107> My, it starts to contract at a constant luminosity which
causes an increase in effective temperature. It leads to a radiatively driven wind which
causes the circumstellar shell and may result in ionization of the circumstellar material.
This is because the surface layer is gradually heating up due to the proximity of the
stable burning thin H-shell which produces the luminosity. The star has now entered the
post-asymptotic giant branch (post-AGB) phase. In other words, the star may become
hot enough to ionize its circumstellar material so that in a few hundred years Oudmaijer
(1996), it will be observed as planetary nebula. The star at this stage is known as post-
AGB star. The short-lived post-AGB phase, as the star evolves toward to the PN phase,
is also known as the proto - or pre - planetary nebula (PPN) phase. As the detached dust
shell drifts away from the central star, the dust cools causing a PPN to have cool infrared
colors. The star leaves the AGB with T < 5000 K but when T.¢ > 30000 K, it may
ionize the remnant nebula. Typical post-AGB stars are expected to have luminosities
around (103 to 10%) Lo, (Bloecker, 1995) and masses are in the range 0.6 Mg to 1 Mg.

2.8 Atmospheres of AGB Stars

AGB stars have huge atmosphere of low density and low temperature so that they do not
exhibit well defined boundaries. They characterize different dynamical process such as
pulsations, shock waves, molecules formation, dust formation and mass-loss. One of
the most important character of AGB stars is the dynamic behavior of their atmosphere.
Dynamic behavior means the pulsation leads to a periodic visual variability and time
dependent molecule and dust formation. After thermal pulse, the AGB stars of initial
mass below 4 M, can change the atmospheric chemical composition dramatically since
processed elements, mostly notably '>C, are dredge up to the surface by convective

mixing. All the phenomena which are distributed over a large distance scale with
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mutual complex influences are responsible to the extended atmospheric and circumstellar
structure. In the dynamical atmosphere, molecule and dust formation takes place where
as in the circumsteller structure molecules destruction and formation takes place. In this
section, we describe some important aspects on the pulsation, the molecule formation

and the dust production process.

2.8.1 Variability and Pulsations

Variability is a very common property of AGB stars which causes pulsation. It means
the pulsations lead to a variation in the luminosity of the stars, making them variable
stars. On the basis of evolutionary stage, low-mass giants exhibit various degrees of
variability. AGB stars belong to the class of long period variables (LPV). Depending on
the periodicity and amplitude of the light curve, LPV or Giant branch variable stars are
classified in to Mira variables, semi-regular variables (SRV) and irregular variables (Lb).
The variability classification is determined by the variability of the star in the V-band.
Mira variables have large visual amplitudes > 2.5 magnitude in the V-band and regular
variations in their light curves, semi-regular variables have smaller visual amplitudes <
2.5 magnitude with certain definite periodicity and irregular variables show no or very
little periodicity. AGB stars exhibit an important fourth class, known as OH/IR stars
which are generally believed to be the last evolutionary phase of an O-rich AGB star
emitting OH masers at 1,612 MHz. OH/IR stars are Mira type long period variable
stars having large amplitude pulsations with high mass-loss rates and their stellar wind is
driven by radiation pressure on dust grains and momentum transfer to the gas molecules
via collisions (Suh, 2014).

Typical periods for the Miras are of the order of hundreds of days, and essentially all
stars on the thermal pulsating AGB are variable stars (> 90%), covering the entire mass
range 0.8 Mg < M < 8 Mg (Wood et al., 1999). In case of early AGB phase, the
atmosphere of AGB stars remain pulsationally unstable with pulsation period dependent
on radius and mass. A relation between period, mass and radius given by Fox & Wood
(1982) is

P o ROM7P, (2.59)

where @ = 1.5t0 2.5 and 8 =~ 0.5 to 1.0.

2.8.2 Molecule Formation

AGB stars are cool stars having low temperature in their atmosphere which is the

favorable condition for the formation of molecules and this has important consequences
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Figure 15: Model spectra for stars of 1 solar mass, T.ryr = 3000 K, logg = 0 and different C/O ratio
(Gustafsson et al., 2003). Here g is surface gravity.

for the atmospheric structure and the photometric and spectral appearance of AGB
stars (Tsuji, 1966). In the cool and extended atmosphere of AGB stars, with effective
temperatures between 2500 K and 3500 K, a variety of dfferent molecule species can
develop. Due to the distinct absorption and emission features of molecules above
the continuum forming photosphere, it leads to a complicated spectrum. Depending
on the underlying chemistry, completely dfferent chemical reactions are favored. The
chemical composition of the medium determines which molecules are likely to form in
the atmosphere. Due to the high binding energy of CO, it plays key role so that only
excess atoms of C or O can form new compounds in carbon-rich or oxygen-rich stars,
respectively. It means the chemistry in the stellar atmosphere is dominated by the high

dissociation energy of the CO molecule.

Table 4 lists the most abundant atoms and molecules in both C-rich and O-rich AGB
stars, obtained for a local thermal equilibrium (LTE) calculation by Markwick et al.
(2000). The less abundant species out of carbon and oxygen is almost completely locked
up in CO molecules but the remaining atoms of the more abundant element form other
molecules. It is the reason due to which the ratio of C/O has great importance in the
context of AGB stars. In case of a carbon-rich environment (C/O > 1), the most abundant

species are CN, CH, C,, C3, HCN, C,H; and in case of an oxygen-rich regime (C/O
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Table 4: Most abundant atoms and molecules found in the local thermodynamic equilibrium atmosphere
of an O-rich (C/O = 0.75 and T = 2215 K) and a C-rich (C/O= 1.54 and T, = 2300 K) star. The
fractional abundance is given with respect to H, with x(y) = x x 10? (Markwick et al., 2000).

O-rich C-rich

Species | Abundance | Species | Abundance
H; 1 H; 1

H 2.1(-1) H 3.5(-1)
CO 1.3(-3) CO 1.6(-3)
H,O 2.9(-4) C>H, 2.2(-4)
Ny 1.2(-4) CH 1.1(-4)
SiO 6.9(-5) Nj 9.5(-5)
S 2.6(-5) HCN 8.5(-5)
OH 9.0(-6) Si 3.6(-5)
SH 7.7(-6) CS 2.3(-5)
0] 1.3(-6) SiS 9.8(-6)
H,S 7.2(-7) CsH 9.5(-6)

< 1), the abundant molecules are H,, TiO, SiO, OH or VO where CO is present in both
cases. Figure 15 shows synthetic spectra for 1 solar mass AGB stars with different C/O
ratios. It is remarkable how the spectra change while going from the oxygen-rich case
to the carbon-rich case. The chemistry of the atmosphere is determined by the ratio
C/O and tight bond of the CO molecule, radiative dissociation through the UV field of
the chromosphere or the dissociation by shocks may release enough carbon to produce

carbon molecules and even carbon dust in M-type AGB stars (Cherchneff, 2006).

2.8.3 Dust Formation

From the study of dust condensation around classical novae, Gehrz (1988) suggested
that grains condense on time scales of several weeks, much shorter than the pulsation
periods for AGB stars. There are several evidences for the existence of dust around the
AGB stars. From the extinction curve, it is clear that dust particles absorb ultraviolet
radiation coming from starlight and re-emits longer wavelength infrared radiation. Warm
dust emits infrared radiation, causing excess emission in the infrared part of the spectral
energy distribution. Spectral features are the direct evidences of dust around AGB stars.
Dust is dominated by amorphous carbon in C-rich stars but O-rich stars contain dust

composed mainly of silicates.

When the temperature of the gas is sufficiently low (< 2000 K), molecules start to
stick together to form molecular cluster. In the beginning, it happens randomly and
eventually due to more favourable conditions, molecules and atoms add so that clusters
start to grow. When the clusters act as solid materials, they are called dust grains. Dust

formation depends on the temperature and density of the gas. The high densities and low
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temperatures in the medium behind a shock wave allow for the formation of dust grains
and the dust species formed depend on the number chemical routes. In case of C-rich
AGB stars, all the available oxygen is tied up in molecular CO so that the dust grains
formed to be amorphous carbon (Tielens, 1990), polyaromatic hydrocarbons (PAHs)
(Feigelson & Frenklach, 1989), and to some extent silicon carbide (SiC), magnesium
sulphide (MgS) or iron (Fe). Similarly, in case of O-rich AGB stars, all carbons are
bound in CO, and the grains formed are silicates such as Mg,SiO4 or MgSiO3 (Dorschner
& Henning, 1995). If the adsorption rate of new atoms and molecules is higher than
the evaporation rate, dust grains will grow. It is possible when the time scale for grain
growth is smaller than the time scale for the change in temperature and density. The
dust grains interact with the radiation field from the star and are accelerated, dragging
along the gas through dynamic coupling. The outward increasing expansion velocity of
the circumstellar envelope causes a decrease in density so that formation of dust grains

stop.

Both theoretical and empirical considerations agree that the grain formation time scale
is much shorter than the pulsation periods of AGB stars so that it is expected that the dust
size distribution is likely to be a Gaussian distribution rather than a power law which
is more relevant to interstellar dust (Suh, 2014). Generally estimated dust-gas ratio is
0.005 to 0.02 but Draine et al. (2007) calculated the average dust-gas ratio in the Milky
way to be 0.01 and suggested that higher the metallicity, increase the ratio.

2.9 Mass-Loss and Termination of the AGB Phase

When a star enters the TP-AGB phase, it can experience a large number of thermal
pulses. There are two limitations for the number of thermal pulses and the duration of
the TP-AGB phase. The limitations are (i) the decreasing mass of the H-rich envelope
and (ii) the growing mass of the degenerate C/O core. If the C/O core mass reaches the
Chandrasekhar mass limit, Mcy =~ 1.4 Mg, carbon will be ignited in the centre which is
so-called ’carbon flash’ which has power to disrupt the whole star. But observations of
white dwarfs tell us that this probably never happens in real AGB stars, even when the
total mass is 8 Mg, much larger than Mcy,. It is due to the reason that mass loss on AGB
becomes so strong that the entire H-rich envelope can be removed before the core has
grown significantly. From the mass-loss rate, the life time of the TP-AGB phase is (1 to
2) x10% yr.
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2.10 Mass-Loss on AGB Stars

Mass loss in the form of molecular gas and dust is one of the key characteristics of
AGB stars. Huge convection currents inside AGB stars carry the material produced in
the thin helium-burning shell up to the surface of the star. These heavier nuclei can be
detected in the star’s spectrum, which provides insight into the undergoing processes
deep within the star. The outer layer of an AGB star loses a mass of about 107 Mg
per year due to increase in pulsation (this is about 100 times more than in the case of
RGB stars). Mass loss is an important mechanism that enriches the interstellar medium
with matter processed in the interior of AGB stars. This is responsible for the chemical
evolution of galaxies and the Universe as a whole. The production of stardust is the
starting point of the formation of all solid bodies ranging from planetesimals to asteroids
and planets. The ejected material is comprised of mixtures of carbon, oxygen, and other
elements. The carbon rich molecules from the stardust tend to shroud the star in the form
of clouds. As the dust clouds expand, they absorb ultraviolet, visual, and near-infra-red
radiation very efficiently and re-emit them at longer wavelengths (mainly in the range of
5 pm to 100 um). Thus, AGB stars are more luminous in the infra-red than at visible

wavelengths. The expanding cloud can also be observed at radio wavebands.

2.10.1 A Qualitative Description

A star can loss mass only when it overcomes the gravitational pull acting on it and is
accelerated to a velocity greater than escape velocity. To happen this, the accelerated
wind has to turn from subsonic to supersonic. The mass-loss on the AGB star is a key
parameter for the evolution of the stars because it affects their lifetime and luminosity. It
is generated by a physical process acting on a smaller time scale than the thermal pulses
discussed above. The formation of a cold circumstellar shell during the AGB phase
is a consequences of the large radial pulsation that bring envelop material high above
the atmosphere. When the recreation of this material starts, the new pulsation wave is
already happening and prevents infall of the material. The density in this circumstellar
shell increases to such levels that the molecules can form solid particles (dust). The
radiation pressure on the dust causes an outward movements of the dust shell with a
certain expansion velocity. At the end of the AGB, the mass loss rate has risen to
such high value, virtually the entire hydrogen rich envelope is expelled from the central
star (Padmanabhan, 2006). At the onset of the AGB, mass-loss rate is low i.e., about
1078 Mg yr~! but as the star evolves up the AGB, the mass-loss rate increases to an
intense wind with a rate up to 107 Mg yr“. Due to mass-loss, a thick circumstellar
envelop of dust and gas around the star is formed which is rich in nucleosynthesized

material. The rate of ejection of matter is higher than the growth rate of the core so that
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Figure 16: Distribution of mass-loss rate for C-type stars (dashed red line), S-type stars (solid green line)
and M-type stars (dashed-dotted blue line) (Ramstedt et al., 2009).

all the matter around the core is dispersed in to space which is the end point of the AGB
evolution and beginning of the post-AGB evolution. In practice, it is possible when the

stellar envelope mass becomes less than about 0.01 Mg.

The mass-loss rate of AGB star depends on its luminosity and varies with pulsations
as well as with the thermal pulse cycle. The efficient dust formation in the dynamical
envelope plays an important role to drive the wind by radiation pressure on the dust grains
(Kwok, 1975) which is able to induce very large mass-loss rates (1078 to 107%) Mg ylr_1
in full consistent with theoretical and observational interpretation.

When the star is in the AGB phase, mass-loss is driven by large-amplitude radial
pulsations and mass increases with increasing luminosity. While the envelope mass
decreases because of the mass-loss, the core mass is growing as a result of hydrogen
and helium burning in the shell. If the stellar luminosity is provided essentially by H-
burning, then the rate of growth of core mass is proportional to luminosity and inversely
proportional to the efficiency of energy production (Padmanabham, 2001). The mass-
loss rate distributions are very similar for C-, S- and M-type of stars (Ramstedt et al.,
2009) which is shown in the Figure 16.

2.10.2 A Quantitative Description

Low and intermediate mass stars in the range (0.8 to 8) Mg during the late stages of their

evolution reach to the Asymptotic Giant Branch phase. This phase of stellar evolution
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is characterized by strong mass loss so that the dust and gas are expelled at rates up
to 107 Mg yr~'. The heavy mass-loss of AGB stars is one of the most important
contribution for mass return from stars to the interstellar medium (ISM). Maeder (1992)
has proposed that mass loss from these stars contributes about half of the gas by recycling
so that mass loss is very important for the chemical evolution of our Galaxy. Mass loss

from AGB stars seems to occur through two distinct mechanisms:

(i) Shocks due to pulsations produce gas over densities which can trigger the formation
of dust.

(ii) The radiation pressure on dust makes this dust to overcome the gravity of the star

so that it can be accelerated with a velocity greater than escape velocity.

Hydrodynamic models suggest that large amplitude pulsations are necessary for acceler-
ating the mass outflow from the surface of AGB stars until the gas becomes cool enough
so that the dense elements can condense into dust grains. These dust grains absorb
and scatter the radiation from the stellar radiation field to the gas as a result the flow
velocity may exceed the escape velocity (Gilman, 1972). When the star has completed
the AGB phase, it somehow develops a less massive (107 Mg, yr™!) but faster wind up
to 10° km s~!'. Such wind sweeps up the circumstellar material, possibly creating shocks
and high-density shells. At high stellar temperature, ultraviolet photons are produced
which can heat the dust, excite, ionize, and dissociate gas molecules (when T > (20
to 30) x10° K) (Cerrigone et al., 2012). Mass-loss grows with time until super-wind
regime sets in, which quickly turns into a planetary nebula by throwing all the envelope
away and leaving a bare core which evolves to high temperatures. Vassiliadis & Wood
(1993) represented the above situation with suitable analytical fits in which mass loss
rate (M) grows exponentially with the luminosity up to the formation of the planetary

nebula.

In many calculations of AGB evolution, a simple dimensional formula for the early mass

loss rate without any physical interpretation given by Reimers (1975) is

nLR

M=4x10""
M

(2.60)
where M is mass loss rate in Mg yr~! and L is stellar luminosity, R is stellar radius and
M is stellar mass in solar unit. 7 is a fitting parameter whose value is calibrated in such
a way that it recovers the observed morphology of horizontal branch stars in Galactic
Globular clusters. Renzini & Fusi Pecci (1988) suggested that for this normalization,
n ~0.5.

Different scientists such as Lamers (1981), de Jager et al. (1988), and Nieuwenhuijzen

& de Jager (1988) have given other empirical mass-loss formulae , but they do not dis-
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tinguish between the strong and well-described dust-driven winds (Schroder & Cuntz,
2005) and are physically very different for non dust-driven winds. Recently, Schroder
& Cuntz (2005) assumed that wind is the result from the spillover the extended chromo-
sphere which is possibly due to the action of waves. They obtained a relation modified
to the original Reimers law by including two new factors i.e., how the height of the
chromosphere depends on surface gravity and how the mechanical energy flux depends,
mainly, on the effective temperature. It means a modified version of the (Reimers, 1975)
law where additional dependencies on the effective temperature and surface gravity fol-
low from a physically motivated consideration of the mechanical energy flux responsible
for the wind. The modification has taken into account to estimate the rate of magneto-
accoustic heating of the chromosphere where the stellar wind starts from the top of the
chromosphere rather than from the photosphere. Their formula which is close to the

Reimers law is

3.5
. 'LR( T,
M=gx 10 W IER [_Ce 1+-—=0 |, 2.61)
M |2000K 4300g

where g and go are stellar and solar surface gravity in solar unit respectively and
according to (Schroder & Cuntz, 2005), the constant n’ is equal to unity. The mass
loss rate given by the Schroder-Cuntz formula and Reimers formula agree to within a
factor of 2 (n ~ 0.5 and " ~ 1.0) (Figure 17). In case of Schroder-Cuntz formula, there
is an additional gravity dependent term so that mass loss is more concentrated to the
higher luminosities. After the application of both formulae, it is found that for ordinary
giants, the two new factors do not make much difference, which explains the long-lasting

success of the Reimers relation.

2.11 Dust Driven Winds

Winds of asymptotic giant branch (AGB) stars are thought to be driven by the combi-
nation of pulsation - induced shock waves and radiation pressure on dust. Atmospheric
shock waves, which are triggered by stellar pulsations and large-scale convective mo-
tions, play a critical role in the mass-loss mechanism of asymptotic giant branch (AGB)
stars. The strong radiating shocks propagate outwards through the stellar atmosphere,
intermittently lifting gas to distances where temperatures are low enough to allow for the
formation and growth of dust grains. These particles absorb and scatter stellar photons,
resulting in an outwards-directed acceleration of the dust. Through dust-gas collisions,
momentum is transferred to the gas, triggering a stellar wind. Dust grains has important
role in mass-loss of AGB stars and its absence, the opacity in outer layers of the stars is

very small. But opacity can be increased by a thousand times if 1% mass is condensed
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Figure 17: The mass loss rate M in Mg, yr~! plotted against log(L/Lg) for red giant stars of mass 1 and
2.5 Mg, and abundances Z = 0.02 (thick lines) and Z = 0.004 (thin lines). Solid lines show mass loss
rates from Reimers formula where as dashed lines show mass loss rates from Schroder-Cuntz formula are
shown as dashed lines (Wood, 2010).

into dust grains. Due to this reason AGB stars can lose mass by radiation pressure (Jones
etal., 1981).

Thus in case of spherical dust shell, the outward radiation force per unit mass is

Kp(r) L
Frag = —/— 2.62
rad c  dnr2 ( )
where
L = luminosity of the central star,
¢ = speed of light,
r = the distance from the stellar center and
K, = the radiation pressure opacity (cm™)
K, is given by
Kpr = 7a* Ng(Qpr) (2.63)

Here, N is the dust grain number density, (Q,,) is the Planck mean value of the radiation
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Figure 18: Graph between Planck mean values of the radiation pressure efficiency factors and temperature
for amorphous carbon and silicate for different spherical grain radii (Suh, 2014).

efficiency factor (Q,,) and is given by

Qpr = Qext — (€050)Osca, (2.64)

where Qe is the extinction efficiency factor, O, is the scattering efficiency factor and 6
is the angle between incident wave and the scattered wave. Thus the Planck mean value

of the efficiency factor Q(1) which is a function of temperature is given by

4 0 _
0 =15 (ﬂ%) / oA~° [e’“/“”)—l] ' (2.65)
0

To estimate dust temperature, the Planck mean values of the absorption factors (Qaps)
are useful and to estimate the dynamical effects of dust grains, the Planck mean values of
the radiation pressure efficiency factors (Qp,) are useful which is important in studying
stellar winds and mass-loss from AGB stars (Kozasa et al., 1984). The dynamics of the
inner, dust-free region of the atmosphere are not sensitive to change in the luminosity.
Gas opacities are too low to produce significant radiative acceleration. Planck mean
values of the radiation pressure efficiency factors for amorphous carbon and silicate for
different spherical grain radii are shown in Figure 18. For amorphous carbon grains,
there is nearly linear relation between them and bigger grain size has their values high
but for silicate grains, they show linear relation up to certain value and then rise and
fall. Once when dust grains are formed in the envelopes around AGB stars, they

can be efficiently accelerated faster than the escape velocity (Bowen, 1988a) by the
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radiation force equation (2.62) which is the mechanism for mass- loss of AGB stars. The
mechanisms driving such strong mass loss are not fully understood, but it is likely that

both dynamical pulsations and radiation pressure on dust particles play a role.

2.12 Infrared Astronomical Satellite (IRAS) Survey

To study stellar objects, there are various types of space observatories. Major IR space
observatories developed in the last 25 years are IRAS (1983), COBE (1990), ISO (1995),
SPITZER (2003) and HERSCHEL (2008). First all sky survey at far IR wavelengths
carried out in 1983 by the Infrared Astronomical Satellite (IRAS) which opened a
new era in modern infrared astronomy. Thousands of galaxies were detected to emit
infrared light. After IRAS, a long series of observations were started to explore the IR
universe. Actually in 1980s, the first generation infrared space telescope and infrared
astronomical satellite (IRAS; Neugebauer et al. (1984) were launched which worked in
two mid-infrared bands (12 yum and 25 um) and two far infrared bands (60 um and
100 um). They discovered many mass losing AGB stars, post AGB stars, planetary
nebulae, white dwarfs, etc in the milky way and the magellanic clouds. Infrared Space
Observatory (ISO) (Kessler et al., 1996) with the Short Wave Spectrometer (SWS) works
in the range of 2.4 um to 45 um. They were used spectroscopically to observe several
AGB stars and obtained infrared spectra provide most valuable information about dusty
environment around the AGB star. The Galactic Plane Survey of the Spitzer Space
Telescope (Werner et al., 2004) in the galactic plane at the 3.6 ym, 4.5 um, 5.8 um,
8 um , 24 yum and 70 pum bands provides high resolution and sensitive infrared images
but without filters between 8 um and 24 um, AGB stars can’t be separated in mid infrared
color-color diagrams. The Wide field Infrared Survey Explorer (WISE) launched on
2009 December 14. The Two Micron All Sky Survey (2MASS) (Skrutskie et al., 2006)
is used in three near infrared, J (1.25 ym), H (1.65 pum) and K (2.17 pum) bands which
are most informative to complete the infrared spectral energy distribution (SED) of AGB

stars.

Our work is under infrared astronomical satellite (IRAS) survey. Actually, IRAS survey
is an unbiased all-sky survey which contains cryogenically cooled telescope orbiting
above the Earth’s atmosphere and works at 12 um, 25 ym, 60 ym and 100 ym wave
length bands. The objectives, instrumentation and limitation of the IRAS survey are

briefly described.

Infrared observations are important to understand solar system objects and regions of
star formation. It helps to reveal astronomical sources obscured by interstellar dust, to
identify galaxies with large bursts of newly formed stars and in describing the emission

mechanism present in active galactic nuclei. Unbiased and sensitive all-sky surveys at
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Figure 19: (a) The Infrared Astronomical Satellite (IRAS) and (b) Infrared Astronomical Satellite
(IRAS) during the magnetic moment test conducted in the Netherlands. The satellite was slowly spun
and the variations to the magnetic field were measured. (Source: https://www.jpl.nasa.gov/missions/
infrared-astronomical-satellite-iras/)

infrared wavelenghts are difficult because of the obscurtion of the Earth’s atmosphere and
because of the thermal emission from warm telescopes and the atmosphere. The Infrared
Astronomical Satellite (IRAS) mission was designed to overcome these difficulties by
conducting all-sky survey from a space satellite with a cooled telescope. The Infrared
Astronomical Satellite (IRAS), shown in Figure 19(a,b), scanned more than 96% of the
sky at wavelengths from 10 to 100 ym with a sensitivity as close as practical to the
limitation set by the fluctuations in the thermal emission from zodiacal background.
The point source catalog produced from this survey is intended to be highly reliable
(>99.8%) (Neugebauer et al., 1984).

IRAS was a joint project of the US, UK and the Netherlands which performed an unbi-
ased, sensitive all sky survey at 12, 25, 60 and 100 um. The satellite design and survey
strategy were optimized for maximally reliable detection of point sources. Additional
Observations or AOs known as pointed observations interspersed with the survey obser-
vations. This path-breaking infrared satellite doubled the number of known astronomical
sources and made numerous important scientific advances. Archival research with IRAS
data continues nearly 20 years after this historic mission. The Infrared Astronomical
Satellite (IRAS) surveyed 96% of the sky from January 1983 through November 1983.
It was conducted in four wavelength bands centered at 12 ym, 25 ym, 60 um and 100 ym
and spent approximately two-thirds of its 300 day mission performing an unbiased sur-
vey of the sky. The mission led to the 1984 release of the IRAS Point Source Catalog
(PSC), which contains some 250,000 sources. IRAS scanned the sky repeatedly by
multiple detectors, and over half of the sky was covered by more than twelve individual
detector scans per wavelength band. In the 1970s, astronomers around the world began
to consider the possibility of placing an infrared telescope on a satellite in orbit around
the Earth. This telescope would be above the Earth’s atmosphere and could view the

sky at the mid and far infrared wavelengths which could not be detected on Earth. It
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Figure 20: Schematic drawing of the IRAS focal plane. The rectangles in the central portion each
represent a detector,filter,and field lens combination of the survey array. The image of the source comes
up the focal plane in the direction indicated. The shaded detectors are in operative or essentially so; these
anomalies were known before launch (Neugebauer et al., 1984).

could view a large area of the sky and observe regions for a longer period of time. By
1977, an international collaboration was formed by the Netherlands, United States and
Great Britain to develop IRAS. The American team built the telescope, detectors and
cooling system. The British built the satellite ground station and control center and the
Dutch team built the space craft which included the on board computer sand pointing
system. The entire telescope was cooled to a temperature of just a few degrees above
absolute zero because otherwise the telescope itself would emit infrared radiation which
would interfere with the observations. A space infrared telescope must be cooler than
the objects in space that it will observe. IRAS discoveries included a disk of dust grains
around the star Vega, six new comets, and very strong infrared emission from interacting
galaxies as well as wisps of warm dust called infrared cirrus which could be found in
almost every direction of space. IRAS also revealed for the first time the core of our
galaxy, the MilkyWay (Neugebauer et al., 1984).

IRAS satellite consists of a space craft and a liquid helium cryostat containing a cooled
telescope which is f/9.6 Ritchey-Chretien design with a 5.5 m focal length and 0.57 m
aperture and beryllium mirrors cooled to less than 10 K. A system of internal cold
baffles reduces the system’s response to off-axis radiation. External baffles and the

sunshade (at 100 K) reduce the heat load on the cold optical system from the sun and
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Figure 21: The spectral response of the IRAS detector, field lens, and filter combination of the survey
band. Quoted flux densities have been calculated at wavelengths of 12 um, 25 ym, 60 ym, and 100 ym
assuming the energy distribution of the source is flat in flux per logarithmic frequency interval (Neugebauer
etal., 1984).

earth. The combined flux at the focal plane from all bright sources of off-axis emission
during normal survey is less than a few percent of the thermal emission of the zodiacal
dust particles over the range of observing angles used (Pouw, 1983). The focal plane
assembly, located at the Cassegrain focus of the telescope, and cooled to less than 3 K,
is shown schematically in Figure 20. Sixty-two infrared detectors in the survey array
are arranged so that every source crossing the field of view can be seen by at least two
detectors in each of four wavelength bands. Each detector is preceded by a field lens and
spectral filters. The spectral characteristics of the filters are shown in Figure 21. The
electronics are direct coupled, permitting a measurement of the total flux entering the
telescope. Silicon detectors are used to detect stars at visible wavelengths for position

control and reconstruction.

The low-resolution spectrometer (LRS) is a slit less spectrometer with a wavelength
range from 7.5 yum to 23 um. On the basis of timing derived from the survey array,
spectra with a resolution of approximately 20 are extracted from the data stream for all
sufficiently bright point sources that cross the LRS aperture. The chopped photometric
channel (CPC) operates during selected pointed observations, mapping infrared sources
simultaneously at 50 ym and 100 pm with higher spatial resolution than normally
provided by the survey array. The CPC has an internal cooled chopper and thus avoids
the need for signal modulation by scanning and provides an absolute flux reference
(Wildeman et al., 1983).

The satellite was launched into a 900 km altitude near-polar orbit on 1983 January 26
GMT. The cryogenic helium supply was exhausted on 1983 November 22 GMT. The
orbit has an inclination of 99° with respect to the Earth’s equator and precesses so that

it remains close to the plane of the terminator. The telescope could point away from the
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local vertical by up to 30° by rotating the entire satellite. Scans of the sky were performed
by rotating about the vector from the satellite to the Sun at fixed solar elongation angles
between 60° and 120°. In survey scans, the bore sight swept across the sky at a rate of

3.85° per minute.

2.13 A Catalog of AGB Stars in IRAS PSC

Generally asymptotic giant branch (AGB) stars are classified in to oxygen- rich( M-type)
and carbon-rich (C-type). But in the catalog provided by Suh & Kwon (2009), (AGB)
stars are classified into four types: O-rich stars (M-type Miras and OH=IR stars), C-rich
stars (C-type stars or carbon stars), S stars, and silicate carbon stars. They presented
the catalog of 2193 O-rich stars, 1167 C-rich stars, 287 S stars and 36 silicate carbon
stars.The catalog of Galactic AGB stars based on reports of different IRAS resolution
spectrographs. Data of Low Resolution Spectrograph (LRS: 4 = 8 umto 22 ym) are very
useful to identify important features of O-rich and C-rich dust grains in AGB stars (Kwok
et al., 1997). Infrared Space Observatory (ISO) has Short Wave Length Spectrometer
(SWS: A = 2.4 ym to 45.2 ym) and Long Wave Length Spectrometer(LWS: A = 43 um
to 197 um) which are useful to identify more detailed dust features (Suh, 2002). Near
Infrared Spectrometer (NIRS; 1.4 ym to 4.0 um; (Murakami et al., 1994) data are useful
for identifying the molecular feature of AGB stars. The radio OH and SiO survey (Lewis
et al., 1990) for IRAS color-selected objects have been very useful to identify AGB
stars. The infrared astronomical satellite (IRAS) works at 12 um, 25 um, 60 um and
100 um wavelength band which lie in the infrared and far from infrared region. It is
suitable to observe dust particles which absorbs ultraviolet radiation and emits infrared
radiation. The Mid-course Space Experiment (MSX) Egan et al. (2003) provided useful
photometric data at 8.28 um, 12.13 ym, 14.65 um, 21.34 um wavelength bands and
the 2MASS data project Skrutskie et al. (2006) provide the PSC that contains fluxes at
J, H, and K bands. Suh & Kwon (2011) updated the catalog with SiO maser sources
for O-rich AGB stars and additional sources for C-rich AGB stars. The updated catalog
contains 3003 O-rich and 1 168 C-rich AGB stars with their IRAS colors and has the
largest confirmed AGB collection so far. So this catalog is most useful entry for the
future study of AGB stars.

First all sky survey at far IR wavelengths carried out in 1983 by the Infrared Astronomical
Satellite (IRAS) which opened a new era in modern infrared astronomy. Thousands of
galaxies were detected to emit infrared light. After IRAS, a long series of observations
were started to explore the IR universe. Actually in 1980s, the first generation infrared
space telescope and infrared astronomical satellite (IRAS; Neugebauer et al. (1984)

were launched which worked in two mid-infrared bands (12 ym and 25 pum) and two
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far infrared bands (60 ym and 100 um). They discovered many mass losing AGB
stars, post AGB stars, planetary nebulae, white dwarfs, etc in the milky way and the
magellanic clouds. Infrared Space Observatory (ISO; (Kessler etal., 1996) with the Short
Wave Spectrometer (SWS) works in the range of 2.4 um to 45 um. They were used
spectroscopically to observe several AGB stars and obtained infrared spectra provide
most valuable information about dusty environment around the AGB star. The Galactic
Plane Survey of the Spitzer Space Telescope (Werner et al., 2004) in the galactic plane
at the 3.6 um, 4.5 um, 5.8 um, 8 um ,24 ym and 70 um bands provides high resolution
and sensitive infrared images but without filters between 8 ym and 24 ym, AGB stars
can’t be separated in mid infrared color-color diagrams. The Wide field Infrared Survey
Explorer(WISE) launched on 2009 December 14. The Two Micron All Sky Survey
(2MASS) (Skrutskie et al., 2006) is used in three near infrared, J (1.25 um), H (1.65
um) and K (2.17 um) bands which are most informative to complete the infrared
spectral energy distribution (SED) of AGB stars. Further detail about the catalog and
the classification of AGB stars has described in the subsection 2.7.3.

2.14 An Evolutionary Catalogue of Galactic Post-AGB and related Objects

A preliminary compilation was presented by Szczerba & Goérny (2001) including about
220 stars. Szczerba et al. (2007) further studied all the literature available on the
NASA Astrophysics Data System (ADS) up to 2006 and the revised catalog is named
as “ the Torun catalog of Galactic post-AGB and related objects". This catalogue of
Galactic post-AGB and related objects was developed to facilitate the research on the
late evolution of intermediate mass stars. It also helps to identify new post-AGB objects
among AKARI sources. The catalog contains 326 very likely, 107 possible and 64
disqualified post-AGB stars. They further revised the catalog which contains 391 very
likely, 83 possible and 66 unlikely post-AGB stars.

Post-AGB stars are being strongly obscured by their circumstellar dusty envelopes so
that they are difficult and often impossible to detect in optical wavelengths. In the
past, for discovery of post-AGB stars mostly sky surveys such as the 2 um Sky Survey
(Neugebauer & Leighton, 1969), the Air Force Infrared Sky Survey (Kleinmann et al.,
1981) and especially the InfraRed Astronomical Satellite (IRAS) survey (Beichman,
Neugebauer, et al., 1988) were in use. Thus by organizing knowledge of post-AGB stars
in our Galaxy Szczerba et al. (2007), developed an evolutionary on-line catalog available
at http://www.ncac.torun.pl/postagb. Post-AGB objects collected during their database
include the following classes:

* IRAS selected sources named IRASsel in the catalog: These are the sources
considered to be post-AGB on the basis of their IRAS colors, found to be in
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between of AGB stars and of planetary nebulae (Kwok et al., 1987; Sudrez et
al., 2006). Most of the selected objects are optically faint because the selection
criteria focus on the circumstellar material properties. This group contains 115

objects in the catalog.

High Galactic latitude supergiants named hglsg in the catalog: Bidelman (1951)
was the first man to point out the existence of such supergiants (e.g. 89Her).
According to him, massive supergiants are generally not expected to be found at
high Galactic latitudes. It is therefore possible that high-latitude supergiants are
in fact low-mass stars in their final stages of evolution. In the catalog, there are 63

objects from this class of stars.

High Galactic latitude B-type supergiants named hglB in the catalog and hot post-
AGB objects named as hotpAGB: Hot, B-type supergiants are similar to main
sequence B-type stars (effective temperature, gravity), were discovered in studies
of the B-star population in the Galactic halo (Moehler & Heber, 1998). Szczerba
et al. (2007) classified that hgIB are very likely post-AGB objects which have B
spectral type, located at high Galactic latitudes (|b| > 15°) and early-type (A and
B) supergiants, located at lower latitudes (|b| < 15°). Such sources were included
in their catalogue as hotpAGB. There are 9 and 18 post-AGB objects in the catalog
from hglb and hotpAGB group of stars respectively.

Bright stars with infrared (IR) excess named IRexc in the catalog: The IR ex-
cess criterion was proposed by Parthasarathy & Pottasch (1986), Pottasch &
Parthasarathy (1988) and others, together to estimate dust mass. It is one of the
criteria that have been used to select candidate post-AGB sources. In the catalog,

there are 34 objects from this source.

UV Her-type stars named UV Her in the catalog: There is a small group of variable
stars among Population II supergiants, called UU Her after the best studied member
of group 3 (Sasselov, 1984). From this group also Szczerba et al. (2007) found 13
number of objects.

RV Tau stars named as RV Tau in the catalog: The RV Tau stars are highly
luminous variable stars. They show alternating deep and shallow minima, periods
between 30 and 150 days, and spectral types F, G and K (Preston et al., 1963).
Most of them show IR excess, as evidence of a recent mass loss typical of the
AGB phase of evolution (Jura, 1986). 99 objects are found from this group of RV

Tau stars in the catalog.

R CrB stars named as R CrB; extremely helium stars named eHe and Late thermal

Pulse objects named as LTP in the catalog: The R CrB stars are rare H-deficient
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Table 5: Distribution of the very likely post-AGB objects into various classes (Szczerba et al., 2007).

Class Number of objects
IRASsel 115
hglsgl 63
hglb 9
hotpAGB 18
Irexc 34
UV Her 13
RV Tau 99
R CrB 36
eHe 16
LTP 2
21 micron 12
refneb 4

and C-rich supergiants. They undergo irregular declines of up to 8 mag when
dust forms in clumps along the line of sight (Clayton, 1996). There are two major
models which explain their origin i.e., a merger scenario (Webbink, 1984) and a
final helium-shell flash scenario (Fujimoto, 1977). In the catalog, there are 36
very likely post-AGB objects from R CrB stars, 16 from eHe stars and 2 from LTP

stars.

* 21 micron emission sources named as 21 micron in the catalog: There is a group
of 12 sources. They show a spectacular emission band at 21 microns (Kwok et al.,
1989) confirmed by the Infrared Space Observatory. All these sources are C-rich
and show s-process element enhancement (Van Winckel & Reyniers, 2000) and

12 objects are included in the catalog from 21 micron sources.

* Reflection nebulosity named as refneb in the catalog: There are a few famous
objects (Red Rectangle, Minkowski Footprint, Egg Nebula, AFGL618) which
have indicated the characteristic and allowed these sources to be discovered prior

to IRAS. There are 4 objects included in the catalog from this source.

The distribution of the very likely post-AGB objects found from various classes is shown
in Table 5. The number of objects mentioned in the table in various classes are not only
very likely post-AGB objects. For example, there are 99 stars classified as RV Tau in the
SIMBAD database. Out of these, 80 are in the list of very likely post-AGB objects, two
are possible, 12 are disqualified and 5 are not considered in the catalog because they are
LMC sources.
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2.15

Motivation

Due to following reasons, we are motivated to do this research work:

The AGB star and its surroundings are the natural laboratory in which we can
study its effect in the interstellar medium. A catalog of AGB stars in IRAS PSC
was developed by Suh & Kwon (2009). They classified AGB stars and provided

their coordinates which is the preliminary stage of our research work.

Current status of modeling and nucleosynthesis of AGB stars are reviewed by
Herwig (2005). In recent years, the principles of AGB evolution have been
investigated leading to improve and redefine models, for example hot-bottom
burning or the third dredge-up. The post processing s-process model reproduces

many observations.

The Infrared Astronomical Satellite (IRAS) mission launched on January 25, 1983.
It was the first-ever space-based observatory to perform a survey of the entire sky
atinfrared wavelengths. According to Neugebauer et al. (1984), the IRAS contains
a cryogenically cooled telescope orbiting above the Earth’s atmosphere to make
an unbiased all sky survey at 12 ym, 25 ym, 60 yum and 100 ym. It was a joint
project of United States , the Netherlands and the United Kingdom .

Using the extensive all sky database of IRAS, Wood et al. (1994) studied the
IRAS images of nearby 100 dark molecular clouds. The IRAS 60 ym and 100 ym
co-added images were used to calculate dust color temperature, 100 um optical

depth and visual extinction of dust in the clouds.

AKARI infrared sky survey was used by Szczerba et al. (2007) to complete
an evolutionary catalogue of galactic post-AGB and their related objects. They
completed the catalogue dividing it in to three categories: very likely, possible
and disqualified post-AGB objects. They measured different parameters. Derived

distances of the stars from the observation region are used to calculate dust mass.

There are 462 far infrared loops identified by Kiss et al. (2004) and Konyves et
al. (2007) using 60 ym and 100 um processed IRAS data where they calculated
distances of the 73 far infrared loops which are used to calculate dust mass around
the desired region. We intend to investigate new FIR loop or cavity candidates
similar to 462 far infrared loops (Kiss et al., 2004; Konyves et al., 2007).

Jha et al. (2017) presented dust color temperature, dust mass and inclination
angle of four far infrared loops namely GO07+18, G143+07, G214-01 and G323-
02 which are located within 1° from nearby pulsars PSR J1720-1633, PSR
J0406+6138, PSR J0652-0142 and PSR J1535-5848, respectively. They found
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the dust color temperature of the core region which lie in the range (19.4 + 1.2) K
to (25.3 £ 1.7) K, whereas the range increased to (33 + 2) K to (47 + 3) K for
the outer region. They measured average dust mass of each pixel of the four
loops which lie in the range 2.96 x 10?° kg to 1822.2 x 10?® kg. The dust color
temperature and dust mass distribution maps show that the low temperature region
has greater density as expected. We have used similar method for calculation of

dust color temperature and dust mass.
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CHAPTER 3

3. MATERIALS AND METHODS

3.1 Region of Interest: Catalog

One of the most important part to start research is the region of interest and it strongly
belongs to the catalogue of the related fields. To enter into the region of interest,
asymptotic giant branch (AGB) stars are selected. For AGB stars, two widely used
important catalogue are available. One catalog is based on types of AGB stars (Suh
& Kwon, 2009) and another catalog is about post AGB stars (Szczerba et al., 2007).
Candidates of these two catalogue are further analyzed with third catalog provided by

Konyves et al. (2007) which is about far infrared cavity.

3.1.1 AGB Based Systematic Search on Infrared Astronomical Satellite (IRAS)

A catalog of AGB stars in IRAS point source catalogue (PSC) was provided by Suh &
Kwon (2009). The catalog of AGB stars of our Galaxy from the sources listed in the
IRAS PSC was developed by compiling the lists of their previous works. In the catalog,
AGB stars are divided into four groups: O-rich stars, C-rich stars, S-stars, and SiC-stars.
Here O-type AGB stars have oxygen-rich atmospheres in which C/O < 1, C-type stars
have carbon rich atmospheres where C/O > 1 and S types stars are some what transitional
between the two having C/O ~ 1 and SiC stars are carbon stars with silicate dust features.
They will be oxygen-rich (M-type) or carbon-rich (C-type) or S- type depending on the
chemistry of the outer envelope or the photosphere. For large scale sample of AGB stars,
they presented infrared two-color diagrams from the observations at near infrared bands.
O-rich AGB stars typically show 10 ym and 18 pm features in emission and absorption
band respectively. Two thousand one hundred ninety three O-rich AGB stars are listed
there. C-rich AGB stars are believed to be formed by amorphous carbon grains and
SiC grains producing the 11.3 um emission feature. One thousand one hundred sixty
seven C-rich AGB stars are identified and verified there. Similarly there are two hundred

eighty seven S-stars and thirty six SiC-stars are identified but not verified. The catalog
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presented by Suh & Kwon (2009) is further revised by the same author in 2011. They
added and produced a list of 3 003 O-rich, 1 168 C-rich, 362 S-type and 35 SiC-stars in
our Milky way galaxy.

In addition of the catalog, there is another on-line catalogue about galactic post-AGB
stars referred as “Torun catalogue’ developed by Szczerba et al. (2007). The catalogue
contains 326 very likely post-AGB stars and 107 possible post-AGB star candidates.
For very likely post-AGB stars, the catalog provides optical and infrared photometry,
infrared spectroscopy and spectral types, etc. Later, the catalogue has been revised by
the same author in 2010. In the newly revised catalogue, there are 391 very likely and
83 possible post-AGB stars. So basically these two types of catalogue are used in this
work. Systematic search has been carried out on IRAS in both AGB and post-AGB
using SkyView Virtual Observatory (http://skyview.gsfc.nasa.gov/current/cgi/query.pl)
during the period January to April, 1915. We intend to search an isolated cavity like
structure in all available IRAS bands (12 um, 25 ym , 60 um and 100 ym). SkyView
isn’t exactly a telescope but the collection of large number of data base of astronomical
surveys that simulate the images taken by telescopes or satellites. The systematic steps

which were carried out using SkyView Virtual Observatory are described below:

Step-1: Input Parameters
We have used as input parameters in the SkyView Virtual Observatory (http://skyview

.gsfc.nasa.gov/current/cgi/query.pl)as follows:
» Coordinate: Galactic coordinate system

* Projection: Gnomonic (A non conformal map projection obtained by projecting

points of three dimensional celestial objects on the surface of sphere)
* Image Size (pixel) : 500 x 500
* Image Size (degrees) : 1.0°x 1.0°, 2.5°% 2.5°

* Brightness Scaling: Histogram Equilization (by making uniform bins for the

distribution of flux)

* Color Table: Stern Special (Dark black shows minimum flux density and white

shows its maximum value)
* Provenance : NASA IJAC/Jet Propulsion Laboratory
* Copyright : Public Domain

Step-1I: Preliminary Images Downloaded
There are 132 all sky surveys available in the Sky View Observatory. We have used
12 pm, 25 pm, 60 um and 100 um IRAS bands to find cavity like structure around AGB
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Stars. For the proper study of the isolated cavity structure, emission at 60 and 100 um
bands is essential. Also it should not have any connection with larger molecular cloud

present nearby.

There are altogether 1 168 carbon rich AGB stars with their coordinates provided by Suh
& Kwon (2011). The coordinates of AGB stars were entered as hour, minute, second
for longitude and for latitude degree, minute, second such. All the coordinates are listed
in the appendix A. The AGB coordinates were entered in four different bands and and
images were down loaded. In the first stage ,we have down loaded J2000 JPEG images.

Figure 22 shows a few cavity-like structures around AGB stars at 100 gm IRAS maps.

Step-1I11: Cross - View in the literature:

SIMBAD (http://simbad.u-strasbg.fr/simbad/sim-fid) was used to cross check whether
the cavity candidates are already studied and published or not. It was done for all possible
candidates. Finally, unpublished cavity-like structures are selected for the further study.
As an example, objects found within 10 arcmin around the AGB star AGB0415+5441 is
listed on Table 6.
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Table 6: Objects found within 10 arcmin around the star AGB0415+5441 where the first column lists the
name of the objects given in SIMBAD as identifier, second column lists the distance from the star, third
column shows type of the object given (mostly normal star). Positions, V-magnitude and references are
listed in last four columns. (Source: https://adsabs.harvard.edu.)

Identifier Dist. | Type | R.A.(J2000) | Dec.(J2000) | Mag | References
(asec) [hh mm ss.s] | [dd mm ss.s] | (V) 1850-2018

TYC 3723-485-1 241.6 | * 04 14 48.2 54 44 24.5 124 | 0

RRF 1558 342,77 | Rad | 04 1547.7 5446 16.0 - 14

TYC 3723-421-1 3459 | * 0415419 543946.9 120 | 0
TYC 3723-608-1 346.7 | * 04 1501.5 5446 46.4 11.3 |0
GB6 B 041045438 | 350.1 | Rad | O1 14 38.0 544535.0 -
TYC 3723-603-1 3553 | * 04 1541.7 5442 56.9 102 | 0
TYC 3723-236-1 407.3 | * 04 1547.2 544347.2 109 | 0
TYC 3723-361-1 442.0 | * 04 14 36.7 54 47 18.5 11510

In addition, the probable candidates were cross-viewed in the literature using ADS
abstract service (https://adsabs.harvard.edu). General opinion through our co-supervisor
and collaborators was taken into consideration. These images were further cross-viewed
by the M.Sc. (Dissertation) students. Thirty cavity-like structures at 100 ym IRAS
maps are shown in Figure 22. Similarly same cavity like structures around the same
AGB stars at 60 um IRAS maps are shown in Figure 23. On third column of Table 6,
‘x’: represents star and ‘Rad’: represents radio source. The references ‘a’and ‘b’given
in the last column are the Catalog provided by Reich et al. (1997) and Vollmer et al.
(2010) respectively. No authors have been studied these point sources and their ISM
surroundings. It is therefore we intend to study this image in order to understand the

region behind its formation and evolution.
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Figure 22: 1.0° x 1.0° IRAS images of cavity-like structures around AGB stars at 100 um IRAS band.
Color bar is shown at the buttom, which represents the way of variation of relative flux density. This
range is different for different images. As an example, the minimum and maximum flux density for
AGBO0108+0053 and AGB0134+5543 are found to be 21.63 MJy/sr, 26.30 MJy/sr and 12.46 MJy/sr,
13.70 MJy/sr, respectively. The name of AGB stars are given.
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Figure 23: Few images of 1.0° x 1.0° field in IRAS 60 ym maps keeping AGB stars at the center of the
images. Color bar is shown, which represents the way of variation of relative flux density which is different
for different images. As an example, the minimum and maximum flux density for AGB0108+0053 and
AGBO0134+5543 are found to be 3.98 Mly/sr, 4.93 MJy/sr and 1.05 MJy/sr, 1.49 Mly/sr, respectively.
The name of AGB stars are given. Here, cavity-like structures in 60 and 100 um maps are found to be
different. The difference in flux density is important for the calculation of dust color temperature and the
dust mass.

74



Step-IV: Focusing/entering the possible candidates

Extended emission around the region of interest can be checked by performing search at
larger view. For this, 2.5° x 2.5° field has been considered 100 um IRAS survey. Strong
cavity within the extended emission is difficult to observe and is relatively difficult to
understand because of several processes occured in the past. Images at larger view are

shown in Figure 24.
Step-V: Image processing at Aladin2.5 software

We have downloaded FITS images of selected cavity at 60 ym and 100 yum IRAS maps
using Skyview (http://skyview.gsfc.nasa.gov/current/cgi/query.pl). These images are
processed in the software Aladin2.5 to make contour maps. Finally, flux density at
60 um and 100 um were measured and dust color temperature, Planck function, dust
mass, etc. were calculated and studied by using ORIGINS.0 and 8.0
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Figure 24: Corresponding images at larger view (2.5° x 2.5°) at 100 um IRAS survey. Color bar is shown
at the bottom, which represents the variation of relative flux density. Extended dust emission (white) can
be seen. These regions are not included in the study because of high extinction at far infrared wavelength.
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3.1.2 Candidate Selection (Suh & Kwon, 2009)

There are four types of AGB star. Out of them, C-rich AGB stars are most important for
biological life. It contains carbon compounds such as aromatic hydrocarbons, benzene,
methane, etc. which are important for biological life. Such compounds are found to
form in C-rich AGB stars. There are 1 168 C-rich AGB stars. When a systematic search
was carried out on those stars using IRAS survey at 60 and 100 um bands in pixels,
different kinds of structures were observed. To select appropriate candidates, following

selection criteria were made:

* There should be at least three-fold minimum flux density in the cavity.

The structure should be isolated and its size is more than 0.5 degree in diameter.

There should be a flux minima and the features can be seen in all 4 bands of IRAS

survey.

The structure should be prominent in 60 and 100 um that enables us to study the

fluxes emitted from the dust and grain.

The most important thing is that the selected structure should not yet studied or
published.

Figure 25 shows a cavity like structure around C-rich AGB star AGB0609+1446 at all
four bands: 12 ym, 25 pym, 60 um, and 100 um . At 60 yum and 100 um IRAS maps, the
elongated (north-south) cavity can be seen. In 12 um, cavity-like structure is noticed, but
itis hardly identified at 25 um. Therefore, the cavity-like structure is found to prominent
at larger wavelengths. Therefore we intend to study dust color temperature distribution

using 60 ym and 100 ym IRAS images.
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Figure 25: The cavity like structure around the AGB star AGB0609+1446 centered at R.A. (J2000) =
06" 09 55.87° and Dec. (J2000) = +14° 46’ 10.4". In all four IRAS bands (12 xm, 25 um, 60 um and
100 um), the emission is found to be strong. The range of flux density in 12 ym, 25 um, 60 ym and
100 pum were 2.68 MJy/sr to 4.35 Mly/sr, 6.48 MJy/sr to 8.1 Mly/sr, 4.45 MJy/sr to 10.29 MJy/sr and
27.12 Mly/sr to 50.13 Mly/sr, respectively. Color bar is shown at the bottom which represents the way
of variation of relative flux density. The field of the image is 1.0° x 1.0°. The position of the AGB star
AGB0609+1446 is shown in 60 ym and 100 ym images.

Figure 26 shows cavity-like structure around C-rich AGB stars namely AGB0415+5441,
AGB0609+1446, AGB0631+1606 and AGB0642+0053. The emission can be seen at
60 um and 100 ym IRAS maps. In each case, position of the AGB star is found to be
off located from the cavity center. This clearly indicates that the proper motion of the

AGB star and the cavity might not be same.
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Figure 26: Cavity like structures around the C-rich AGB stars AGB 0415+5441, AGB 0609+1446, AGB
0631+1606 and AGB 0642+0053 at 60 um (left) and 100 um (right) IRAS maps, respectively. Color bar
is shown at the buttom which represents the variation of relative flux density from minimum to maximum.
The field of the image is 1.0° x 1.0°. The position of the central coordinate of the cavity is represented

by ‘+’ and position of the AGB star is denoted by ‘X’. IRAS band and name of the AGB star are given
in the image.
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Figure 27: Dust cavities around the selected AGB stars namely AGB0633+1415, AGB0651+0031,
AGB0939-5249, and AGB1025-5933 are at 60 um (left) and 100 um (right) IRAS maps respectively.
Color bar is shown at the buttom which represents the variation of relative flux density from minimum to
maximum. The field of the image is 1.0° x 1.0°. The position of the central coordinate of the cavity is

represented by ‘+’ and position of the AGB star is denoted by ‘X’. IRAS band and name of the AGB star
are given in the image.
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Table 7: A list of selected cavity- like structure around AGB stars. CCRAS1 to CCRASS are named
for the cavity-like structures where C stands for cavity, CR stands for C-rich, A stands for asymptotic
giant branch and S the star. The third and fourth columns represent the name of the nearby AGB star and
distance from the cavity center. The last two column show the positions of the center of the cavity.

S.N. | Name Nearby AGB Distance | R.A.(J2000) | Dec.(J2000)
Star (deg) [hh mm ss.s] | [dd mm ss.S]
1 CCRAS1 | AGB0415+5441 | 0.14 04 1503.0 54 41 00.0
2 CCRAS2 | AGB0609+1446 | 0.22 06 09 55.9 1446 10.4
3 CCRAS3 | AGB0631+1606 | 0.36 06 32 38.1 1559479
4 CCRAS4 | AGB0633+1415 | 0.41 06 3301.0 14 15 00.0
5 CCRASS5 | AGB0642+0053 | 0.29 064143.0 0109 22.8
6 CCRAS6 | AGB0651+0031 | 0.33 0649 47.1 0031324
7 CCRAS7 | AGB0939-5249 0.42 09 40 50.6 —-5248 32.0
8 CCRASS8 | AGB1025-5933 0.56 10 26 54.7 -59 18 22.5

Figure 27 shows cavity-like structure around C-rich AGB stars namely AGB0633+1415,
AGB0651+0031, AGB0939-5249 and AGB1025-5933. The emission can be seen at
60 um and 100 um IRAS maps. In each case, position of the AGB star is found to be
off located from the cavity center. This clearly indicates that the proper motion of the

AGB star and the cavity might not be same.

Finally, we have selected eight cavity-like structure for the further study. The name
(coined by us), nearby AGB star, distance to the nearby AGB star and the position
co-ordinate of the cavities are listed on the Table 7.
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Figure 28: Two selected far infrared cavity images around post-AGB star at 60 um (left) and 100 ym
(right). Cavities are strong and emission feature can be seen clearly. The position of the central coordinate
of the cavity is represented by ‘+’ and position of the AGB star is denoted by ‘X’. Pixel size, IRAS band
and name of the AGB star are given in the image.

Table 8: A list of selected cavity like structure around post AGB stars (third column) under 60 ym and
100 um IRAS maps. CCRPAS1 and CCRPAS2 are selected cavity like structure where C stands for
cavity, C stands for carbon rich, PA for post asymptotic giant branch and S for star. The third and fourth
columns show the name of the nearby PAGB star from the center of cavity and their distance respectively.
The last two column show the positions of the center of the cavity.

S.N. | Name of the cavity | Nearby AGB star | Distance | R.A.(J2000) | Dec.(J2000)
(deg) hh mm ss.s dd mm ss.s
1 CCRPASI PAGB0653-0216 0.72 06 51 54.0 | —01 3543.0
2 CCRPAS2 PAGB0801-3651 0.82 08 04 07.2 | =37 11 43.0

3.1.3 Candidates Selection (Szczerba et al., 2007)

A preliminary compilation was presented by Szczerba & Go6rny (2001) including about
220 stars. Szczerba et al. (2007) further studied all the literature available on the NASA
Astrophysics Data System (ADS) up to 2006 and the revised catalog is named as “ the
Torun catalog of Galactic post-AGB and related objects". The catalog contains 326 very
likely, 107 possible and 64 disqualified post-AGB stars. They further revised the catalog
which contains 391 very likely, 83 possible and 66 unlikely post-AGB stars. During the
systematic search on the post-AGB stars, only 23 very likely post-AGB stars lie in C-rich
AGB stars. It means only 23 stars are post-AGB stars which lie within 1 168 C-rich AGB
stars. Remaining all possible post-AGB stars did not lie within 1 168 C-rich AGB stars.
Out of 23 candidates only two candidates fulfilled above mentioned selection criteria.
Two selected cavity-like structures around post-AGB stars have selected for the further
study which are shown in Figure 28. The name of the cavities, nearby AGB star, distance
between the cavities and the nearby post-AGB star and the position co-ordinate of the

cavities in the Table .
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3.2 Far Infrared Cavity Based Systematic Search on IRAS

Catalogue of far infrared loops in the galaxy was compiled by Konyves et al. (2007).
In the catalog, they used 60 um and 100 um ISSA plates (IRAS Sky Survey Atlas) to
explore the distribution of dust emission. By using the “geom" and “mosaic" procedures
of the IPAC Sky view package, they created composite images of the 12.5° x 12.5° sized
individual ISSA plates. They searched for loop or arc like features in these images in
the 1° < D < 40° diameter range. In the catalog, there are 462 far infrared loops. Out
of them, 317 loops are in first, third and forth galactic quadrants where as 145 loops lie
in second galactic quadrant. It means the catalog contains the basic properties of 462
loops and based on indicator objects (massive stars, dark clouds, supernova remnants,

etc.), distances are estimated for 73 loops.

3.2.1 Candidates Selection (Konyves et al., 2007)

There are 462 far infrared loops in our galaxy. In the catalog, authors have derived
distances for 137 loops and measured additional physical quantities. To calculate dust
mass, derived distance from the star is needed. We tried to find out the AGB stars which
lie within the loops (KK-loops) to estimate. For this, we measured distance between
center of AGB stars and KK-loops. From this, we found the closest KK-loop from the
AGB star. Again major diameter and minor diameter of the KK-loop are given. Here,
we compared measured distance with both diameters. If the measured distance is less
than both diameters, then we can say that the AGB star lies within the KK-loop. Detail
calculations are given in the appendix. The selected candidates (cavities) which lie within
KK-loops are AGB0141+7104, AGB0409+6105, AGB0538+1216, AGB0555+2827,
AGB0617-0634, AGB0619-0558, AGB0712-1720 and AGB1105-5451. The name of
AGB stars, nearby KK-Loop, distance between AGB star and KK-Loop, major and
minor diameter of KK-Loop and the position of the cavities in the Table 9. Finally, eight
cavities around the AGB star lying within the KK-Loop have selected. In Table 10, we
mentioned name of the cavities, nearby AGB stars, distance between AGB star and the

cavity and center position of the cavities.
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Figure 29: Far infrared cavity within the KK-loop G128-03 centered at R.A. (J2000) = 01" 46™ 57.2°
and Dec. (J2000) = +71° 24’ 57.1". In all four IRAS bands - 12 um, 25 um, 60 um and 100 yum, emission
is found strong. The range of flux density in 12 um, 25 um, 60 ym and 100 um were 1.07MlJy/sr to
1.42 Mly/sr, 4.00 Mly/sr to 4.29 MJy/sr, 1.52 Mly/sr to 2.09 MJy/sr and 14.97 Mly/sr to 17.14 MJy/sr
respectively. Color bar is shown at the bottom which represents the way of variation of relative flux
density. The field of the image is 1.0° x 1.0°. The position of the central coordinate of the cavity is
represented by ‘+’ and position of the AGB star is denoted by ‘X’. JPEG images of the selected candidates
in 60 ym and 100 ym bands are shown in Figure 30 and 31.
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Figure 30: Images of the far infrared cavities around the selected AGB stars namely AGB0141+7104,
AGB0409+6105, AGB0538+1216 and AGB0555+2827 are at 60 um (left) and 100 um (right), respec-
tively. Color bar is shown at the bottom which represents the variation of relative flux density. The field
of the image is 1.0° x 1.0°. The position of the central coordinate of the cavity is represented by ‘+” and
position of the AGB star is denoted by ‘X’. Pixel size, IRAS band and name of the AGB star are given in
the image.
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Figure 31: Far infrared images of the selected cavities around the AGB stars namely AGB0617-0634,
AGB0619-0558, AGB0712-1720 and AGB1105-5451 are at 60 um (left) and 100 pm (right), respectively.
Color bar is shown at the bottom which represents the variation of relative flux density. The field of the
image is 1.0° x 1.0°. The position of the central coordinate of the cavity is represented by ‘+’ and position
of the AGB star is denoted by ‘X’. Pixel size, IRAS band and name of the AGB star are given in the
image.

Table 9: A list of selected C-rich AGB stars are in first column where as name of nearby KK-loops are
in second column. Here KK stands for (Kiss et al., 2004) and (Konyves et al., 2007). Third column
represents the closest distance between the AGB star and the KK-loop, forth column shows major and
minor diameter of the nearby KK-loops and positions of the AGB stars are shown in last two column.

S.N. | AGB Star Nearby Distance | Major/Minor | R.A. (J2000) | Dec.(J2000)
KK-Loop diameter

(deg.) (deg.) hh mm ss dd mm ss
1 AGBO0141+7104 | G125+09 3.02 6.1/54 01 41 01 71 04 00
2 AGB0409+6105 | G143+07 1.00 4.5/3.0 04 09 00 61 05 00
3 AGBO0538+1216 | G195-11 3.01 4.3/3.4 05 38 03 12 16 00
4 AGBO0555+2827 | G182+00 1.54 4.7/4.1 0555 00 28 27 00
5 AGB0617-0634 | G212-11 2.90 8.4/7.1 0617 08 -06 34 00
6 AGB0619-0558 | G212-11 2.79 8.4/7.1 06 19 06 —05 58 00
7 AGB0712-1720 | G229-03 1.53 3.7/3.6 071204 -17 20 00
8 AGB1105-5451 | G287+04 0.72 2.2/1.7 1105 01 =54 51 00
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Table 10: A list of selected far infrared cavity-like structure found around the C-rich AGB stars. CASKK1
to CASKKS, where C stands for cavity, A stands for asymptotic giant branch, S is for star and KK is taken
as (Kiss et al., 2004) and (Konyves et al., 2007). Third column represents the name of the nearby AGB
star, fourth column represents the distances between center of the cavities and the near by stars. Positions
of the center of the cavities are shown in the Last two column.

S.N. | Name of the | Nearby AGB Distance | R.A.(J2000) | Dec.(J2000)
Cavity Star (deg.) hh mm ss.s | dd mm ss.s
1 CASKK1 AGBO0141+7104 | 1.50 0146 572 | 71 2457.1
2 CASKK2 AGB0409+6105 | 0.00 04 09 00.0 | 61 0500.0
3 CASKK3 AGBO0538+1216 | 0.48 05 36 17.2 | 12 03 33.6
4 CASKK4 AGBO0555+2827 | 0.49 05 54 04.5 | 28 5238.3
5 CASKKS5 AGB0617-0634 0.10 06 17 18.4 | —06 38 08.4
6 CASKKG6 AGB0619-0558 0.70 06 21 04.5 | —05 58 31.6
7 CASKK7 AGB0712-1720 1.32 07 06 51.3 | —17 3436.5
8 CASKKS AGB1105-5451 0.41 11 04 17.6 | —54 29 05.5

3.3 Method (Image Processing): Aladin Software

Aladin is an interactive sky atlas developed and maintained in 1999 by the Center
de Donne’s astronomiques de Strasbourg (CDS). It is used for the identification of
astronomical sources through visual analysis of reference sky images (Bonnarel et al.,
2000). Aladin v2.5 is a service providing simultaneous access to digitized images of the
sky, astronomical catalogues, databases, interactively access related data and information
from the SIMBAD database, NED (NASA Extragalactic Database), VizieR and other
achieves for all known sources in the field. The driving motivation is to facilitate direct,
visual comparison of observational data at all wavelength with images of the optical sky

and with reference catalogue (http://aladin.u-strasbg.fr).

Aladin v2.5 is one of the handy and extensively used software in the data reduction
processes covering all wave length regions. It is particularly useful for multi-spectral
cross identifications of astronomical sources, observation preparation and quality control
of new data sets (by comparison with standard catalogues covering the same region of
sky). It is used to analyze each pixels of the FITS image lying in the region of interest.
We can get information about, energy spectrum, the relative flux density, different types
of contour maps with coordinates of each pixel including longitude and latitude of the

desired structure.

Aladin defines an astronomical image, an astronomical catalogue, a graphical overlay
and a view. In Aladin sky atlas, there are 4 components to the data visualization window

shown in Figure 32:

* The Stack: The stack represents all the data loaded in memory and which can be
displayed in a view. The stack is structured as a set of "planes" stacked one above

another. The user - symbolized by the eye - observes the stack from the top. It
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Figure 32: Overview of data visualization. (source : http://aladin.u-strasbg.fr/java/Aladin.exe) in Aladin
software.

shows all the downloaded data as a stack of “planes". The user eye is on the top

of this stack and sees all activated planes by transparency.

* The Zoom: It is located on the bottom right of the main window. It displays
an illustration of the total image on which is superimposed a translucent blue
rectangle. It shows the image area currently visible according to the factor and the

centre of the zoom.

* The View: The viewing panel is the main component of the Aladin interface. The
view shows a display of the data activated in the stack. Most of the time, it is an
image onto which graphical symbols are overdrawn to represent the sources from
catalogues. It displays the image area currently visible according to the activated

stack planes, zoom factor and the overlaid graphics and table planes.

* The Measurements: It is located at the bottom of the Aladin main window. It
is used to visualize measures associated to the sources. It is a really powerful
tool that enables you to select, sort and filter tables. It shows the measurements

associated to the objects selected in the view via the mouse.

Tool bar is located vertically in between the stack and the view which enables a quick

access to the most used tools:
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Figure 33: Tool bars of Aladin v8. (source:http://aladin.ustrasbg.fr/java/Aladin.exe).

Select Mode: select objects in the view
Pan Mode: moving the view

Zoom Mode: adjusting the zoom factor for the view

dist: Graphical addition for measuring distances
draw: Graphical addition for hand-drawings

tag: Graphical addition to tag a location

text: Graphical addition to write text

filter: Generate filters for catalogues

Cross: catalogues cross-match tool

rgb: Colour images generator

assoc: Generate images associations (mosaics or ani-

mated sequences)

cont: Contour generator

mglss: Activate/deactivate the magnification glass

pixel: Opens the window that controls the pixel dy-
namics

prop: Open the properties window

del: Deletes the current element

All these mentioned tool bars are used in Aladin v6 and Aladin v8 but in Aladin v2.5
“pad" and “hist" are included dut “assoc" and “pixels" toolbar are not included. The

tool bar of Aladin v8 is shown in Figure 33.
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Figure 34: Contour map in the CCRAS3 around AGB0631+1606 region (Table 7) at 100 gm IRAS map
with contour level 1 and 38, corresponds to 16.25 MJy/sr and 18.49 MJy/sr respectively. The symbol ‘+’
represents the center of the field of view. Size, name of cavity and IRAS band is shown in the figure.

3.3.1 Contour Map

Aladin v2.5 is used to draw contour map in certain contour level of FITS images of
the region of interest. There are two types of images obtained from sky view virtual
observatory. They are JPEG and FITS images. JPEG images of the selected candidates
has shown in the article 3.1.2, 3.1.3 and 3.2.1. We intend to study the cavity structure
at 60 ym and 100 yum. We adopted the method of drawing contours at different levels
so that we can separate the region of maximum and minimum flux density. The contour
level in 100 ym and 60 um FITS images are chosen independently to make the best
contour level. Contour levels represent the value of flux density in MJy/sr. The ‘Jy’is
the abbreviation for jansky which is a unit of electromagnetic flux density. (1 Jy =1 X
10720 kg s™2 =1 x 10720 W s72 Hz~!). We are interested in these minima to study the
flux density within the region because we concern our focus on temperature profile and
the mass distribution of the dust driven region within the cavity structure including AGB
star. We are intend to study the temperature and mass profile of isolated symmetric
spherical cavity structure . By using FITS images in Aladin 2.5 software, different
contour map with varying contour level can be drawn. Taking strong cavity, high flux
difference with minimum flux lying within the contour and closed bigger contour map
of the selected candidates has drawn. Contour map of the cavity CCRAS3 (Table 5)

region is shown in Figure 34.



M

e

Figure 35: Contour map in the cavity CAGBS3 around AGB0631+1606 region (Table 7) at 100 yum
IRAS map. The line AB and CD represents the major and minor diameters passing through minimum
flux region. Size, name of cavity and IRAS band is shown in the figure.

3.3.2 Size of the core region

To measure size of the core region, we need contour map. In the contour map, major
and minor diameters are drawn. Major diameter is the largest diameter passing through
minimum flux region and minor diameter is the smallest diameter passing through
minimum flux region. To measure the major and minor diameter for each FITS image,
we used a simple expression, [ = R X 8, where R is the distance of the structure from us
and 6 is the pixel size (in radian). After calculation the major and minor diameter of the
cavity region, size of the core region can be calculated. So size of the cavity is equal
to the product of major and minor diameters. In the Figure 35, AB and CD represents
major and minor diameters. To study the variation of flux density other lines can be

drawn.

3.3.3 Flux Density Variation

By tagging in the pixel within contour level, flux density of that pixel cab be obtained.
We studied the flux density of all pixel lying inside outermost contour of the 100 yum
interested region and find the flux density of the corresponding pixels in 60 um using
the software Aladin v2.5, which was used to calculate the dust color temperature, Planck
function and mass of each pixel due to the contribution of dust. Here we found the
region of the maximum and minimum flux density and studied about their variation in

each image.
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3.3.4 Background Correction

There are various sources of energy around our region of interest which can increase
the flux of the region of interest. These sources should be identified and their fluxes
at the desired wavelengths should be removed from the region of interest. The flux
emitted by other sources lying nearby the region of interest but not the from the region
of interest is called background flux. Actually the flux emitted by the background
sources is called the background flux. The flux density obtained from Aladinv 2.5 is
total flux density (background flux + flux due to dust). The flux density obtained is
corrected by subtracting it with the background flux density. The minimum flux density
which doesn’t lie within the contour map is supposed as background. The background
emission is subtracted from the field using the method adopted in Aryal et al. (2010).
For this, the average value of the background flux is obtained by noting and summing
up of the minimum flux densities around the region of interest and dividing the sum by
total number of pixels with these minimum flux densities. When this background flux
is subtracted from the obtained flux density of each pixel in the region of interest, it
is said to be background corrected flux density. If there is no background flux outside
the region of interest by taking minimum flux inside the isocontour, we have to take a
difference between second minimum say (a) and minimum flux say (b) and divided by
2 which is the background flux density. Mathematically, background flux= "T_b. When

it is subtracted from the obtained flux density. we get corrected flux density.

3.3.5 Background Corrected Flux Density

When the background flux density is subtracted from the total flux density from each
pixel of the region of interest, we get corrected flux density which is final corrected data
for the analysis. Microsoft Office Excel (2007) is used for the calculation of dust color
temperature, Planck function, dust mass, visual extinction, etc. For calculation of dust
color temperature, flux densities are needed. For Planck function, wavelength at 100 um
and dust color temperature is required. For dust mass, we need flux density at 100 pum,

distance of the cavity and Planck function.

3.3.6 Dust Color Temperature

Dust color temperature is one of the most important parameter to study far infrared

cavity. For its calculation, we adopted the method proposed by Dupac et al. (2003) and
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Schnee et al. (2005). According to them, dust color temperature is given by

-96

" In(R x 0.63*F) S
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Where R = ;((16&‘2 ”;1)) and S is spectral emissivity index. Here F(60) and F(100) are
flux densities at 60 ym and 100 um respectively. S depends on dust grain properties
such as composition, size, and compactness. For reference, a pure blackbody would
have S = 0, the amorphous layer-lattice matter has 8 ~ 1, and the metals and crystalline
dielectrics have 8 ~ 2. In our calculation, S is taken as 2. Detail derivation and
description of equation (3.1) has given in literature review (chapter 2.3). Average dust
color temperature can be measured after finding the slope F(60)/F(100) from the graph

plotted between F(60) and F(100).

3.3.7 Planck Function

The Planck function B(v, T) is the function of temperature and wavelength. It is used to

calculate dust mass and is given by the expression:

2hc
B T) = =

1
ohe/QKT) _ 1] (32)

where, i = Planck constant, ¢ = velocity of light, v = frequency at which the emission is
observed, and T = temperature of each pixel. When A and T is known, Planck function
can be calculated. Detail description about equation ((3.2)) has given in literature review
(chapter 2.3).

3.3.8 Dust Mass

For calculation of dust mass, we used the expression given by Hildebrand (1983),

4ap S,D?
3QV B(V, T)

(3.3)

dust =

According to Young et al. (1993), weighted grain size (a) = 0.1 um, grain density (p) =
3000 kgm_3, grain emissivity (Q,) = 0.0010 (for 100 um) so that equation (3.3) becomes

S, D?
Mgyt = 0.4
dust B(V, T)

(3.4)

Where S, = flux density at 100 um, D = known distance of the loop and B(v, T') = Planck

function. Detail description of equation (3.3) and (3.4) has given in the literature review
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section (chapter 2.4).

3.3.9 Visual Extinction

Extinction is the sum of scattering and absorption which takes place in the dusty envi-

ronment. The visual extinction (Ay) is very important parameter that relates distance

and magnitude by the relation

m—M =5logr -5+ Ay

(3.5)

Where m and M represent the apparent and absolute magnitudes respectively. Actually

magnitude is the measurement of brightness of a star. If the brightness is measured at

unknown distance r, then it is called apparent magnitude and when it is measured at

10 pc, then it is called absolute magnitude. Here, we have calculated the values of (Ay)

using the expression (2.27) in chapter two given by Wood et al. (1994). The relation is

Ay(mag) = 15.078[1 — exp (—7100/641.3)]

where,

_ F,(100 um)
~ B(100 um, Ty)

T100

is optical depth and F,(100 um) is the flux at 100 pm.

BILT) = 2hc 1
(4.T) = 3 | ehe/AkT _ |

is the Planck function.
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Figure 36: Scatter and best fit plot between flux densities 100 ym and 60 um in the cavity CASKK6
around the AGB 0619-0558. Here, the slope, intercept and the correlation coefficient (R) are given. The
slope of the best fitted line has been used to estimate average dust color temperature.

3.4 Plots: Linear, Gaussian and Contour maps

There are different methods and different softwares to make plots so that calculated
values can be studied and analyzed. In this work, ORIGINS.0 and 8.0 softwares are
used to obtain linear, Gaussian, polynomial and contour maps. For three-dimensional
contour map, ORIGINS.0 is used. Generally we plot a linear fit of scattered graph
between flux density at 100 um and 60 um as shown in Figure 36. From the slope of
the linear fit, we calculate average dust color temperature which is used to estimate the
maximum permissible error. Best fit of scattered plot between visual extinction and dust
color temperature of the cavity CASKKG®6 is also shown in Figure 37. Here, we also have
plotted best fit of the scattering plot between Planck function and diameter shown in

Figure 38.

In the interstellar medium, different dynamical processes took place which can trigger
anisotropy (or polytropy) and inhomogeniety in the region. Gaussian distribution is
important to represent real valued random variables whose distributions are not known.
If the number of events are very large, then the Gaussian distribution function may be used
to describe physical events. Such features can be understood by studying the deviation
in the Gaussian disturbance. We use Gaussian fit to check the deviation from the random
process, e.g., in the dust color temperature and dust mass distribution. For the same
cavity, Gaussian fit of dust color temperature and dust mass are shown in Figures 39 and
40 respectively. In the interstellar medium, gases are mostly neutral or partially ionized.

Maxwellian distribution is used to describe speed of gaseous particles. They move freely
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Figure 37: Scatter and best fit plot between visual extinction and dust color temperature of the cavity
CASKKG6 around the AGB 0619-0558. Here, the slope, intercept and the correlation coefficient (R) are
given. The slope and intercept of the best fitted line has been used to find a mathematical relation between
them.
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Figure 38: Scatter and best fit plot between Planck function and extension of the cavity CASKK6 around
the AGB 0619-0558. The correlation coefficient (R) is given.
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Figure 39: Gaussian fit of dust color temperature distribution in the region of interest CASKK6 around
the AGB0939-5249. The solid curve represents the Gaussian fit and -0_-% are the error bars. The Gaussian

center and offset value are shown in the figure. There is good agreement between observed and fitted
curve. It means, the dust color temperature distribution in the CCRAS7 around the AGB0619-0558 is in
the local thermodynamic equilibrium.

inside a stationary container without interacting with one another, except for a very brief
collisions in which they exchange energy and momentum with each other or with their
thermal environment. These gases obey either Maxwellian velocity distribution or Saha
distribution. If these distributions co-exist, local thermodynamical equilibrium can be
expected. In such condition, temperature of dust grain remains constant within the mean
free path and wavelength of the radiation should be of the order of mean free path of the
dust or grain. It means Gaussian distribution is expected, if the gases and radiation are in
thermal equilibrium (Karttunen et al., 2007). Any deviation in the Gaussian distribution

is a measure of anisotropic (or polytropic) processes.

From the Gaussian distribution of dust mass, hydrodynamic equilibrium can be studied
and to study the thermal equilibrium in the region of interest. We plot dust color
temperature and check the Gaussian nature with the help of Gaussian fit. In the Gaussian
fit, the parameters are area, offset value, width and height which are used to compare
between the various region of interest. The error bars i% are given in the histogram of

Gaussian distribution.

To plot contour map, we use ORIGINS.0. For the interpretation, we plot contour map

of flux density at 100 um, contour map of dust color temperature, contour map of dust
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Figure 40: Gaussian fit of dust mass with error bars in the region of interest CASKKG6 around the
AGBO0619-0558. The solid curve represents the Gaussian fit and i% are the error bars which are
represented by solid circle. Here, n stands to represent number of data in that bin. Gaussian area is shown
in the figure which shows that there is good agreement between observed and fitted curve. From the
Gaussian fit of dust color temperature and dust mass, it is found that distribution of dust color temperature
is not similar with the distribution of dust mass.

mass and contour map of visual extinction of the same far infrared cavity CASKK®6 as
an example and they are shown in Figure 41, 42, 43 and 44 respectively. In the contour
map of flux density, we study different range of flux in the region of interest. In the
contour map of dust color temperature, we study the variation of dust color temperatures
which show the range of temperature. In the contour map of dust mass, we study the
distribution of dust mass within the region of interest. Similarly in the contour map of
visual extinction, we study how it varies in the pixels and can be compared with dust
color temperature and dust mass. From these four contour map, we can generalize an
idea that how the four parameters (flux density, dust color temperature, dust mass and

visual extinction) vary in the region of interest.

Summary of method is shown in the form of flow chart in the Figures 45, 46 and 47 in
detail.
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Figure 41: Contour map of flux density at 100 um in the region of interest CASKK6 around the AGB0619-
0558. The color bars with the values of flux density (in MJy/sr) are shown. One strong minima region
can be seen in the map which is elongated along east-west direction
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Figure 42: Contour map of dust color temperature in the region of interest CASKK6 around the AGB0619-
0558 where shown contour level is in Kelvin. Minimum dust color temperature was found at R.A.(J2000)
=06" 21 28.1% & Dec.(J2000) = —05° 54’ 41.2". Similarly maximum dust color temperature was found
at R.A.(J2000) = 06" 22 08.7¢ & Dec.(J2000) = —06° 00" 48.2". We discuss the situation in the section
result and discussion.

97



N
4240E26  3423E26  2605E26

My (kg)

-5.7

2
o

Dec.(J2000)

o
[

R.A.(J2000) 95.40 95.25

Figure 43: Contour map of dust mass distribution in the region of interest CASKK6 around the AGB0619-
0558. Contour map of dust color temperature and dust mass showed that mass density is maximum in the
region of minimum temperature. It shows general trend (the lower the temperature, higher the masses).
We discuss the situation in the result and discussion section.
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Figure 44: Contour map of visual extinction distribution in the region of interest CASKK6 around the
AGB0619-0558. Contour map of dust color temperature and visual extinction showed that higher the dust
color temperature lower the visual extinction and vice-versa. We discuss the situation in the result and

discussion section.
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Figure 45: Summary of methods in flow chart. The primary data has been converted to secondary.
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Figure 46: Summary of methods in flow chart. The secondary data has been used to calculate dust color
temperature, dust mass, Planck function and visual extinction (Dupac et al., 2003; Beichman, Wilson, et
al., 1988; Hildebrand, 1983; Wood et al., 1994).
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CHAPTER 4

4. RESULTS AND DISCUSSION

4.1 Eight New Far Infrared Cavity Candidates Around Asymptotic Giant Branch
(AGB) Stars

In this section, we describe the physical properties of eight isolated far infrared cavities
around AGB stars which are not yet studied. These cavities are found around the AGB
stars listed in the catalog provided by Suh & Kwon (2009). The selection criteria for
the cavities are as follows: (a) the major diameter should be greater than 0.50°, (b) the
maximum to minimum flux density difference should be at least 3.0, (c) the AGB star
should be located nearby (within 1° from the center of the cavity), (d) cavity should
be isolated (no similar flux minima around 2° radius of the cavity, and (e) should not
be studied at far infrared wavelengths. These cavities are at unknown distances so
dust color temperature and Planck function are calculated and their distributions are
described. In addition, the distribution of Planck function and dust color temperature
along the extension and the compression of the cavity are studied and discussed. The
‘extension’corresponds to major diameter of the cavity passing through minimum flux
at longer wavelengths (100 um) and compression represents the minor diameter of the

cavity passing through the minimum flux region at 100 yum wavelength.

Figure 48 shows 100 um IRAS images of the eight cavities around the AGB stars namely
AGB0415+5441, AGB0609+1446, AGB0631+1606, AGB0633+1415, AGB0642+0053,
AGB0651+0031, AGB0939-5249 and AGB1025-5933 towards left (a,c,e,g) and corre-
sponding contour map of their flux density towards right (b,d,f,h). In the color bar of
the image, black color represents the minimum flux density region and the red color
represents the maximum flux density region. These two region have two possibilities
that is either they absorb the long wavelength due to the presence of dust or do not have
materials that emits longer wavelength. But white color indicates the region of high flux
density where intense emission from the dust is taking place. It means, white pixels
represent that the emission is maximum at 100 um wavelength but dark pixels show the

minimum flux region.
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Figure 48: Images of the cavities and corresponding contour map at 100 um IRAS maps located nearby
AGB star AGB0415+5441 (CCRAS1) (a), AGB0609+1446 (CCRAS2) (b), AGB0631+1606 (CCRAS3)
(c), AGB0633+1415 (CCRAS4) (d), AGB0642+0053 (CCRASS) (e), AGB0651+0031 (CCRASO) (f),
AGB0939-5249 (CCRAS7) (g) and AGB1025-5933 (CCRASS) (h). Color bar is shown at the buttom,
which represents the range of relative flux density It is different for different cavities: 31.73 MIy/sr to
34.41 Mly/sr for CCRASI, 27.12 MJy/sr to 31.24 MJy/sr for CCRAS2, 15.97 Mly/sr to 18.06 MJy/sr for
CCRAS3, 16.69 MJy/sr to 18.32 MJy/sr for CCRAS4, 26.29 MJy/sr to 28.74 Mly/sr for CCRASS, 24.82
Mly/sr to 29.73 Mly/sr for CCRASG6, 56.22 MJy/sr to 60.13 MJy/sr for CCRAS7 and 147.88 MJy/sr to
174.93 Mly/sr for CCRASS at 100 micron .
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The cavity CCRASI is one of the deepest cavity where maximum to minimum flux
density ratio is found to be 1.1 which is located at R.A.(J2000) = 04" 15™ 03.0¢,
Dec.(J2000) = 54° 41° 00.0" (I = 149.6° and b = 2.7°). Size of the cavity is defined as its
major and minor diameters passing through minimum flux region. Therefore diameters
are drawn through minimum flux region at 100 um wavelength. Here size of the cavity
is found about 0.5° x 0.2°. The shape of the cavity is like ‘head’of housefly and is
elongated along north-south direction. Since it is located at 2.7° Galactic latitude with
position angle 316.3°. Therefore it is in the Galactic plane inclined by ~ 44.0°. It means,
the cavity is very close to the galactic plane so that it is located in the strong radiation
field emitted from the disk of the Milky Way. Extension of the cavity is located along

north-south direction and compression is along east-west direction.

The cavity CCRAS?2 is located at R.A.(J2000) = 06" 09™ 55.9%, Dec.(J2000) = 14° 46’
10.4" (I = 195.1° and b = —2.2°). Here size of the cavity is about 0.6° x 0.2°. For the
calculation of its size, major and minor diameters are drawn at 100 um wavelength by
considering minimum flux region as a reference. The cavity is extended along north-
south direction and is compressed along east-west direction. Since it is located at —2.2°

Galactic latitude with position angle 298.8°, so it is close to the Galactic plane, similar
to the cavity CCRASI.

The shape of the cavity CCRAS3 is elongated along east-west direction and is com-
pressed along north-south direction. It is located at R.A.(J2000) = 06" 32 38.1°,
Dec.(J2000) = 15° 59 47.9" (I = 196.58° and b = 3.2°). Since it is located at 3.2°
Galactic latitude with position angle 297.3°. Here size of the cavity is about 0.7° x 0.2°.

The cavity CCRAS4 is found at R.A.(J2000) = 06" 33™ 01°, Dec.(J2000) = 14° 15°
00.0" (I = 198.2° and b = 2.5°). It is extended along east-west and compressed along
north-south direction. The size of the cavity is about 0.3° x 0.2°. It is also near to the

Galactic plane because it is located at Galactic latitude 2.5° with position angle 297.4°.

The cavity CCRASS has the shape of ‘octopus’elongated along east-west direction and
is compressed along north-south direction which is located at R.A.(J2000) = 06" 41™
43.0°, Dec.(J2000) = 01° 09° 22.8" (I = 210.8° and b = —1.6°). Here size of the cavity

is about 0.3° x 0.1° and position angle is 297.2°. This cavity is the smallest in size.

The cavity CCRASG is located at R.A.(J2000) = 06" 49" 47.1%, Dec.(J2000) = 00° 32’
32.4" (1 =212.3° and b = —0.1°). It is elongateded along north-south and is compressed

along east-west. Here size of the cavity is about 0.4° X 0.2° and position angle is 297.1°.

Cavity CCRASY7 is like the shape of ‘a fish’extended along east-west and compressed
along north-south. It is located at R.A.(J2000) = 09" 40 50.6°, Dec.(J2000) = —52° 48’
3" (I =276.4° and b = —0.1°). Here size of the cavity is about 0.3° X 0.2° and position
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angle is 318.9°.

The cavity CCRASS is located at R.A.(J2000) = 10" 26™ 54.7¢, Dec.(J2000) = —59°
18 22.5" (I =285.4° and b = —1.4°). Here size of the cavity is about 0.6° X 0.2° and
position angle is 328.3°. The cavity has wider range along north-south and narrower

range is along east-west direction.

4.1.1 Flux Density at 60 ym and 100 ym

Flux density at 60 um and 100 ym IRAS images are measured in all eight cavities
nearby to the AGB stars. For this, we used the FITS images that we receive from the
IRAS survey, and the ALADIN software. They are plotted in a graph and are discussed
separately. The graph is scattered plot with linear fit. Figure 49(a) belongs to the cavity
CCRAS1 where flux density extends along east-west and is compressed along north-
south direction. In the scatter plot, a good correlation is noticed which is found to be
broader with increasing 100 ym flux density. The best fit line has correlation coefficient
0.81, slope 0.21 with standard error 0.01 and the dust color temperature obtained from

the linear fitis 23.1 K. It means there is a good correlation between the two flux densities.

Figure 49(b) is the scatter plot and best fit between flux densities F(60) and F(100) of
the cavity CCRAS2 where both flux densities are equally spread along east-west part
and compressed along north-south part. Correlation coefficient obtained from the linear
fitis 0.72, which is fairly a good value. The cavity shows a strong east-west elongation,
indicating the external cause rather than the effect of radiation field of the Galactic
plane. Slope of the linear fit is 0.29 with standard error 0.02. From the linear fit, dust
color temperature is found 25.3 K. The absolute value of flux density per pixel in both
CCRASI and CCRAS?2 are similar to each other in both 60 and 100 um wavelengths.

Figure 49(c) is for the cavity CCRAS3. From the figure, it can be seen that there is good
correlation between the flux densities at 60 and 100 microns at their higher flux values
but less correlation in the lower values. Distribution of flux density at higher and middle
part is wider along compressive region than the lower flux density region. Using the
value of the slope of best fit line, the dust color temperature is found to be 22.5 K which
is less than CCRAS1 and CCRAS2.

Similarly, scattered plot and best fit of flux densities in the cavity CCRAS4 is shown in
Figure 49(d). From the figure, it is found that there is a poor correlation between the two
IRAS flux densities which suggests that the cavity might not be isolated and stable. Here
the value of correlation coefficient is 0.75. From the best fit, dust color temperature is
found to be 23.9 K. A relatively low temperature suggests that dust particles are possibly

more interacting because of small mean free path.
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Figure 49: Scattered plot between flux densities at 60 um (F60) and 100 ym (F100) of the cav-
ities located nearby AGB stars namely AGB0415+5441 (CCRAS1) (a), AGB0609+1446 (CCRAS2)
(b), AGB0631+1606 (CCRAS3) (c), AGB0633+1415 (CCRAS4) (d), AGB0642+0053 (CCRASS) (e),
AGB0651+0031 (CCRASO) (f), AGB0939-5249 (CCRAS7) (g) and AGB1025-5933 (CCRASS) (h). The
best fit line (solid line) with their slopes, correlation coefficient (R) and intercepts are shown. The figures
in the parenthesis represent standard errors in the respected statistical parameters in the linear fit.
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Figure 49(e) shows a widely spread scatter plot in the higher flux density region and it
goes narrow in the lower flux region. So there is a poor correlation between F(60) and
F(100) in case of the cavity CCRASS. Dust color temperature obtained from the linear
fitis 23.1 K. In the next section, we discuss the distribution of dust color temperature as

well as maps.

In the case of cavity CCRASG, the scattered plot shows that there is a good correlation
between the two flux densities through out the region. From the linear fit, correlation
coeflicient, slope and standard error are found to be 0.88, 0.28 and 0.01 respectively.
Using the value of slope, dust color temperature is found as 25.2 K. Figure 49(f) shows
that the cavity extends widely along east-west and contracts along north-south region.
There is a little difference in dust color temperature, as noticed from linear fit and

calculated value, which will be confirmed and discussed in the next section.

The cavity CCRAS?7 is slightly different than the previously mentioned cavities. Scatter
plot of Figure 49(g) shows that the cavity extends along east-west direction and contracts
along north-south direction. But in the contracting region, there is wide spread of low
flux density than in the high flux density region. The absolute value of flux density per
pixel of the cavity CCRAS7 is quite large than that of the previously described cavities
at both 60 and 100 um wavelengths. The longer values of flux densities might come
from the radiation. Since the location of the cavity is (/ =276.5° and b = —0.1°) suggests
that the excessive radiation field originates from the bulge of the Milky way. Dust color

temperature found from the best fit is 22.8 K.

The cavity CCRASS is quite different than the previously mentioned far infrared cavities.
This cavity CCRASS shows a very high flux density than the others. Similar to the cavity
CCRAS?7, the location of this cavity (I = 285.4° and b = —1.4°) favors the higher value
of flux density because of nearby bulge The cavity extends along east-west and contracts
along north-south. Figure 49(h) shows that the contracting region is less broadening
at low flux density region and sufficient broadening at high flux density region. But in
general, there is good a correlation between the two flux densities in the cavity. Using the
slope of the best fit line, we get 23.3 K dust color temperature. The cavity is surrounded

by strong emission of 100 um, suggesting an isolated and stable cavity.

To sum up, we can say that cavity CCRAS6, CCRAS7 and CCRASS8 showed strong
correlation but other five cavities showed a good correlation between flux densities at

IRAS long wavelengths.
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4.1.2 Distribution of Dust Color Temperature

In this section, we have calculated dust color temperature of each pixels of the above
mentioned eight cavities by using expression (2.22), given in chapter 2. Here we discuss
dust color temperature through contour map and Gaussian fit. After calculation of dust
color temperature, Planck function B(v, T) has also been calculated and analyzed. In
the next section, we discuss the variation of Planck function and temperature with the
extension (major diameter) and compression (minor diameter) passing through minimum

flux (minima) at 100 um of the cavity.

Figure 50 shows the contour map or the dust color map of all eight cavities. Values of the
dust color temperature are shown in the color bars. Position of minimum temperature and
maximum temperature region are clearly shown in the figure. In Figure 50(a), minimum
flux region does not lie in the minimum temperature region. Minimum dust color
temperature lies at the boarder of the cavity in the north-west part where as maximum
dust color temperature region lies near the boarder of the cavity at the south-east part.
It means density of the dust material might be higher in the north-west part and is lower
in the south-east part of the cavity CCRASI.

For cavity CCRAS2, as shown in Figure 50(b), the minimum temperature region does
not lie in the minimum flux density region, but the minimum temperature region lies near
the centre extended along north-south direction. Maximum temperature region lies at
the north-east corner of the cavity. Most of the contours are extended along north-south
direction. Central part of the cavity is free from maximum temperature which suggests
that the central part contains less amount of dusty materials responsible for far infrared
emission (Gautam & Aryal, 2017).

Like cavity CCRAS2, minimum temperature region of the cavity CCRAS3 does not lie in
the minimum flux density region. But maximum temperature region lies at the boundry
towards east-ward side of the cavity, shown in Figure 50(c). In this case, less number
of contours are surrounded suggesting that the distribution of Planck function might be
uniform. Uniform distribution of Planck function means the cavity is thermodynamically
stable.

In case of cavity CCRAS4, minimum flux density and minimum temperature region are
different which is unusual behavior but the minimum temperature contour is surrounded
by many other contours suggesting that the distribution of Planck function might not
be uniform. Maximum temperature contour lies towards south-east direction which has
less dense materials. This cavity is quite different than cavities CCRAS1, CCRAS2 and
CCRAS3, as shown in Figure 50(d).

Figure 50(e) describes dust color temperature map of CCRASS5 where most of the
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contours are elongated along north-south direction. It means the cavity might not be
affected by the radiation field of the Galactic plane. Minimum temperature contour lies
towards southern part where as maximum temperature contour lies at the northern part

of the cavity. This distribution is just opposite of CCRASI.

In cavity CCRAS6, maximum temperature contour lies at the boundary of the northern
part where as minimum temperature contour lies fully inside the cavity as shown in
Figure 50(f). This region is completely surrounded by other contour like in the case of
CCRASA4. It makes non-uniform distribution of Planck’s function which will be justified

in the next section.

Figure 50(g) is about CCRAS7 where maximum temperature contour lies towards south-
ern part of the cavity but minimum temperature region lies at the south-east part of the

cavity. This cavity is quite different than others.

In case of cavity CCRASS, minimum temperature region lies at the northern part where
as the maximum temperature region lies at the southern part of the cavity. Figure 50(h)

shows that the most of the contours are extended along north-south direction at all levels.
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Figure 50: Contour map of dust color temperature (T;) of the cavity CCRAS1 (a), CCRAS2 (b), CCRAS3
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Figure 51 shows distribution of dust color temperature of the selected eight cavities.
Solid curves represent the Gaussian fit and vertical line shows the error bar, representing

standard error of the distribution.

Figure 51(a) is for the cavity CCRAS1 where minimum and maximum dust color
temperature are found to be (20.5 + 0.61) K and (21.1 + 0.50) K respectively. The errors
are calculated using the values of dust color temperature obtained from F(60) verses
F(100) plots. Value of Gaussian center is seen at 20.7 K. Here the Gaussian curve is
found to be sufficient sharp and shows good agreement with the temperature distribution
in the range up to 20.8 K and after 20.8 K temperature, it shows positive skewness means
large number of data lie towards right curve. It is therefore, a deviation from Gaussian
distribution at the higher temperature is seen. The full width half maxima (FWHM) of

the Gaussian fit is distinct and broaden suggesting the cavity is well defined and isolated.

The distribution of dust color temperature of the cavity CCRAS?2 is given in Figure 51(b)
where the Gaussian curve is sharp and broaden like the cavity CCRAS2, showing good
Gaussian fit in the dust color temperature distribution. Perfect Gaussian distribution is
seen up to temperature 22.3 K and after it, positive skewness is found. Due to sharp and
broaden Gaussian curve, it suggests that the cavity is isolated. Minimum and maximum
dust color temperature are found to be (21.5 + 0.95) K and (23.2 + 0.51) K. Gaussian
center is at 22.0 K, shown in the figure. Dust particles of the cavity CCRAS?2 is at higher
temperature than CCRASI1. It further suggests that higher temperature region violets
the Gaussian distribution.

Gaussian fitted with observed distribution of dust color temperature curve of the cavity
CCRAS3 is shown in Figure 51(c). Here, the distribution is perfect Gaussian in all
temperature range and is slightly different than that of the cavities CCRAS1 and CCRAS2
showing slight positive skewness. The minimum and maximum dust color temperature
are found to be (20.5 + 0.50) K and (21.4 + 0.28) K respectively. The Gaussian center
is seen at 20.9 K. The full width half maxima of the Gaussian fit is not very sharp but is
wider than the previous cavities. Offset value of dust color temperature is only 0.9 K so

it suggests that the matter (dust) within the cavity is probably in the thermal equilibrium.

A perfect Gaussian fit is seen in the dust color temperature distribution of the cavity
CCRAS4 which is shown in Figure 51(d). The full width half maxima of the Gaussian
fit is sharp enough and broader than the cavities CCRAS1, CCRAS2 and CCRAS3.
Since the Gaussian fit is sharp, broad and shows a good agreement with the dust color
temperature distribution, it suggests that the flux minima of the cavity is extended
and well connected with its environment. Here minimum and maximum dust color
temperature are found to be (22.0 + 0.48) K and (22.7 + 0.30) K respectively. Since the

distribution is perfect Gaussian so the left curve is the mirror reflection of right curve
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and vice-versa.

Figure 51(e) shows the distribution of dust color temperature of the cavity CCRASS
which is completely non Gaussian. The minimum and maximum dust color temperature
is found to be (21.4 + 0.43) K and (21.9 + 0.31) K with offset of 0.5 K temperature
suggesting the better condition of thermal equilibrium. This will be verified in the section
when we discuss the distribution of Planck function. An offset of < 2 K suggests that
the core of the loop is stable. In the figure, a deviation from the Gaussian fit suggests
that the cavity is not symmetrical, probably affected by external factors. In the next
section, we will discuss about the distribution of Planck function along the extension

and compression of the cavity.

A good Gaussian fit is seen in the dust color temperature distribution of the cavity
CCRASG6 but at higher temperature, it shows non Gaussian nature with negative skewness
which is shown in Figure 51(f). Here minimum and maximum values of dust color
temperature are (20.5 + 1.17) K and (22.0 + 0.80) K respectively. The full width half
maxima is similar to that of the cavity CCRAS3.

Figure 51(g) shows the dust color temperature distribution of the cavity CCRAS7. We
noticed a perfect Gaussian fit of the dust color temperature. It means mean, mode and
median of the data lie towards the mean value where left curve is mirror reflection
of right curve and vice-versa. In this case, there is minimum offset value i.e., 0.3 K
in comparison with other cavities. Here, minimum and maximum value of dust color
temperature are found as (22.3 + 0.40) K and (22.6 + 0.20) K respectively (Gautam
& Aryal, 2018a). The nature of temperature distribution in Gaussian fit of the cavity
CCRAST7 is similar with the distribution in CCRAS4.

Distribution of dust color temperature of the cavity CCRASS is shown in Figure 51(h).
Figure shows a good agreement between Gaussian fit and dust color temperature distri-
bution with slight negative skewness. In this case, the Gaussian curve is less sharp than
CCRAS7 which suggests that the flux minima of the cavity is less extended and well
connected with its environment. Minimum and maximum dust color temperature are
found as (23.9 + 0.21) K and (25.0 + 0.45) K respectively (Gautam & Aryal, 2018b).

At the end, it is found that cavities CCRAS1 and CCRAS2 showed sharp peak with
Gaussian agreement, cavities CCRAS4, CCRAS6, CCRAS7 and CCRASS8 showed
broad width with Gaussian agreement and cavity CCRAS4 showed completely non-

Gaussian nature which is possibly due to external factors.
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4.1.3 Distribution of Planck Function Along the Extension and the Compression
of the Cavities

Extension corresponds to the major diameter means, the longest diameter of the cav-
ity passing through the minimum flux at 100 gm IRAS maps. Figure 52 shows the
variation of Planck function B(v, T) along extension of the cavity. Flux density along
major diameter are measured by using ALADIN2.5 software with the left-end taking as
reference point in the diameter. The reference position is either towards the north-west
direction or south-west direction. For the calculation of Planck function, we need dust
color temperature and to calculate dust color temperature, flux density at 60 um and
100 um IRAS map is needed. Using equation (2.22) and (2.29) of chapter 2, dust color
temperature and Planck function along both diameters are calculated.

The main concept is that, if the Planck function is independent with distance ( major
or minor or both), it can be concluded that the materials (dusts, grains, etc.) will be in
local thermodynamic equilibrium through out the cavity. In other words, these materials
behave as a perfect black body along the major or minor diameter. In such case, the
mean free path of the particles or materials on the way is of the order of the reciprocal of
absorption coeflicient and the dust color temperature remains uniform within the mean

free path.

When we analyze Figure 52, we get different nature of their distribution. Only in
cavity CCRASS Figure 52(h), there is a strong correlation between Planck function and
major diameter. Here, Planck function decreases with distance and the diameter extends
from north-west to south-east direction. Due to strong correlation, we can say that the
materials (dust, grain, etc.) behave as a black body. It further suggests that the neutral
gases that obey Maxwellian velocity distribution co-exist with Planck theory of black
body radiation along the major diameter of this cavity. This makes the cavity isolated
and stable.

For cavities CCRAS1, CCRAS3, CCRAS4 and CCRAS7, there is a poor correlation so
that Planck function fluctuates with distance (major diameter). Here the best fit line has
negative slope which signifies that Planck function decreases with distance and diameters
extend from north-west to south-east direction. Thus the materials of such cavities along
major diameters do not behave as a black body, i.e., their velocity distribution do not

co-exist with Planck theory. Such cavities are relatively unstable.

Similarly, for cavities CCRAS2, CCRASS and CCRASG, they also have poor correlation
between Planck function and major diameter. But in these cavities, the best fit line
shows positive slope means Planck function increases with major diameter. The major

diameters extend from south-west to north-east.
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Figure 52: Variation of Planck function B(v, T') of the inner cavity CCRAS1 (a), CCRAS2 (b), CCRAS3
(c), CCRAS4 (d), CCRASS (d), CCRASG6 (e), CCRASG (f), CCRAS7 (g) and CCRASS (h) with the
distance along major diameter. The south-west point of the major diameter is assumed as a reference point
i.e., left-end represents reference point taken at zero arc-minute. In the best fit, correlation coefficient
is shown. The error bars represent the standard error (+se) of the deviation. The negative value of
correlation coefficient signifies the negative slope.
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Figure 53: Variation of Planck function B(v, T) of the cavity CCRAS1 (a), CCRAS2 (b), CCRAS3
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of correlation coefficient signifies the negative slope.
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Compression corresponds to the minor diameter, means the smallest diameter of the
cavity passing through the minimum flux at 100 ym IRAS maps. Figure 53 shows
the variation of Planck function B(v, T') along compression of the cavity. Flux density
along minor diameter are measured by using ALADIN2.5 software with the left-end
point taking as reference point in the diameter. The reference position is either in the

north-west direction or south-west direction.

When we analyze the Figure 53, different nature of their distribution is found. Cavities
CCRASI, CCRAS2, CCRAS3, CCRAS4 and CCRASS show poor correlation between
Planck function and minor diameter with negative slope in their best fit lines. It means
Planck function decreases with distance and the diameters extend from north-west to
south-east direction. There is random distribution of Planck function in the cavities
CCRAS2, CCRAS3 and CCRASS. It means the dusts and the radiation field are not in
the thermal equilibrium. For cavities CCRAS6, CCRAS7 and CCRASS, there is also a
poor correlation between Planck function and minor diameter and the slope of the best
fit is positive. It means Planck function increases with minor diameter. Here, the minor

diameters extend from south-west to north-east.

4.1.4 Distribution of Visual Extinction with Dust Color Temperature

The visual extinction (Ay) is very important parameter that relates distance and magni-

tude by the relation
m—M =5logr -5+ Ay 4.1)

Where m and M represent the apparent and absolute magnitudes respectively. The
distance is represented by the symbol r. Here, we have calculated the values of Ay using

the expression (2.27) in chapter two given by Wood et al. (1994). The relation is
Avy(mag) = 15.078 (1 — exp (—7100/641.3)) 4.2)

where,

F (100 um)
_ 4.3
1100 B,(100 um, Ty) 4.3)

is optical depth and F,(100 um) is the flux at 100 pm.

2he 1
BLT) = =5 Lhc/m_l] (4.4)
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is the Planck function. After the calculation of visual extinction, they are plotted with

dust color temperature of each pixels.

Interestingly, the visual extinction is found to be maximum for low temperature region
and it is systematically decreased with the increase of temperature. Though the range of

decrease is very small (slope is negative x 107).

Figure 54 describes how visual extinction varies with dust color temperature. All eight
cavities show mostly systematic order i.e., extinction is maximum at low temperature
and decreases with rise in temperature having slope negative in all cases. Correlation
coeflicient is also negative and ranges from -0.64 to -0.92 which shows that there is good
correlation between the plotted data. The cavity CCRAS2 has the highest correlation
coeflicient and the cavity CCRAS7 has the least. Cavities CCRAS1, CCRAS2 and
CCRAS3 show one type of behavior where scattering of the data are extended in lower
temperature region, cavities CCRAS4, CCRASS, CCRAS6 and CCRAS7 show another
type of behavior where the data are extended in the middle temperature region and there
is extension along higher temperature region in case of cavity CCRASS. For cavity
CCRAS7, there is good correlation, for CCRAS1, CCRAS3, CCRAS4, CCRASS and
CCRAST7, there is better correlation and for the cavities CCRAS2 and CCRASG6, there

is best correlation.

The best fit lines between the Ay and Tj for eight far infrared cavities CCRAS1, CCRAS?2,
CCRAS3, CCRAS4, CCRASS, CCRAS6, CCRAS7 and CCRASS are found to be

Ty=-1.4%x10°Ay +23.6 (4.5)
Ty =-3.0x 10°Ay +25.8 (4.6)
Ty = -2.7%x10°Ay + 23.6 4.7)
Ty = -4.5x10°Ay +25.3 (4.8)
Ty=-2.1x10°Ay +24.4 (4.9)
Ty = —2.6 X 10°Ay +25.0 (4.10)
Ty=—-0.8x 10°Ay +24.2 4.11)
Ty = -0.6x 10°Ay +26.6 (4.12)
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respectively. Taking log and solving, we found

Tax Ay = 1.7x 1074 (4.13)
Tyx Ay =0.9x 1074 (4.14)
Tyx Ay =0.9x 107 (4.15)
Tyx Ay = 0.6 x 107 (4.16)
Tyx Ay =1.3x 107 4.17)
Tyx Ay = 1.0x 107 (4.18)
Tyx Ay =3.0x 1074 (4.19)
Tyx Ay =4.0x 1074 (4.20)

respectively. From these results between visual extinction and dust color temperature,

we got an important relation which relates them. The relation is
Ay xTy=¢ (4.21)

Here, ¢ is a constant and ranges from 0.6 x 10~ to 4.0 x 107*. This result is very close

to the calculated value.

Finally, it is concluded that higher the temperature, lower the visual extinction and

vice-versa in case of a particular cavity.
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Figure 54: Plot between visual extinction (Ay) and dust color temperature (T,4) of the cavities lo-
cated nearby AGB stars namely AGB0415+5441 (CCRAS1) (a), AGB0609+1446 (CCRAS2) (b),
AGB0631+1606 (CCRAS3) (c), AGB0633+1415 (CCRAS4) (d), AGB0642+0053 (CCRASS) (e),
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The best fit line (solid line) with their slopes, correlation coefficient (R) and intercept are shown. The
figures in the parenthesis represent standard errors in the respected statistical parameters in the linear fit.
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The dust color temperature is found to decrease with the increase of visual extinction.
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To study the variation of visual extinction of the eight cavities, their contour maps
are plotted which are shown in Figure 55. When the contour maps of the cavities
are compared with their contour maps of dust color temperature Figure 50, different
behavior could be seen and clear picture about their relation could be obtained. Mostly
minimum temperature region has maximum visual extinction and vice-versa. If we look
the particular cavity, all pixels of the cavities CCRAS1, CCRAS3, CCRAS4, CCRASS
and CCRASG6 strongly show higher the visual extinction, lower the temperature and
vice-versa but in case of cavities CCRAS2, CCRAS7 and CCRASS, certain pixels show
above mentioned nature and remaining pixels show different nature. Hence, in general,

it is concluded that Ay X Ty is constant and is very very less than one.
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Figure 55: Contour map of visual extinction (Ay) of the cavities located nearby AGB stars namely
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121



4.1.5 Conclusion

We have studied physical properties such as flux densities, dust color temperature, Planck
function, etc. of 8 far infrared cavities around AGB stars namely AGB0415+5441,
AGB0609+1446, AGB0631+1606, AGB0633+1415, AGB0642+0053, AGB0651+0031,
AGB0939-5249 and AGB1025-5933 located within —1.6° to 3.2° in the Galactic plane.
These cavities are studied how their dust color temperature, Planck function, extinction
distribute in concerning the pixels within the cavity specially along their extension and

compression region. The conclusions are as follows:

» All eight far infrared cavities have different shape but cavity CCRASS has shape
like an octopus and cavity CCRAS7 has shape like a fish which are extending along
east-west direction. Remaining other six cavities are mostly extending along north-
south direction. Size of the cavities are shown on the Table 8 where CCRAS3 is
the biggest cavity and CCRASS is the smallest cavity. Cavity CCRASS has the
highest flux (174.93 MJy/sr) and CCRAS3 has the lowest flux (18.06 MJy/sr) at
100 um which has shown on the appendix B.

e Minimum dust color temperature of all eight cavities are (20.5 = 0.61) K, (21.5 +
0.95) K, (20.5 £ 0.50) K, (22.0 £ 0.48) K, (21.4 + 0.43) K, (20.5 + 1.17) K, (22.3
+ 0.21) K and (23.9 + 0.15) K respectively. Similarly their respective maximum
dust color temperature are (21.1 + 0.50) K, (23.2 + 0.51) K, (21.4 + 0.0.28) K,
(22.7 £ 0.30) K, (21.9 £ 0.30) K, (22.0 £ 0.81) K, (22.6 = 0.12) K and (25.0 +
0.45) K. It means cavity CCRASS is at higher temperature and cavity CCRASI1 is
at lower temperature. Detail is shown on Table 11. The offset value in dust color
temperature of all eight cavities is less than 2 K which suggests that the core of all

the cavities are stable.

» Cavity CCRASS is completely non-Gaussian where as cavities CCRAS1, CCRAS2,
CCRAS3 and CCRASG6 show more or less Gaussian nature with skewness but cav-
ities CCRAS4, CCRAS7 and CCRASS show perfect Gaussian nature.

¢ The cavities CCRAS1, CCRAS3,CCRAS4, CCRAS7 show non-uniform distri-
bution of Planck function along major diameters passing through minimum flux
where their slope is negative. Similarly the cavities CCRAS1, CCRAS2, CCRAS3,
CCRAS4 and CCRASS show similar behavior along minor diameters. It means
dust particles are oscillating in order to get dynamical equilibrium. Such cav-
ities are unstable and is found that they are disturbed by external factors. The

materials in the cavity do not strictly obey Maxwellian velocity distribution. It
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4.2

possibly indicates that such behavior is due to presence of wind emitted from
the nearby AGB star. For the cavities CCRAS2, CCRASS and CCRASG, there
is poor correlation between Planck function and major diameters with positive
slope but cavities CCRAS6, CCRAS7 and CCRASS8 show similar nature along
minor diameters. So these cavities are also unstable and do not obey Maxwellian
velocity distribution. For the cavity CCRASS, there is good correlation between
Planck function and major diameter so it should be stable, behaves as black body

and obeys Maxellian velocity distribution.

In the best fit of scattering plot between visual extinction and dust color tem-
perature, there is a systematic trend found with negative slope and correlation
coefficient. Correlation coefficient ranges from —0.64 to —0.92 which justifies
that there is good correlation between them. When the calculated average value
of visual extinction are analyzed, it is found that higher the flux density, higher
the visual extinction and vice-versa. Here cavity CCRAS4 has the lowest visual
extinction and cavity CCRASS has the highest visual extinction which are shown
in Table 11. For the particular cavity, higher the temperature, lower the visual ex-
tinction and vice-versa. This result is agreed by the cavities CCRAS1, CCRAS2,
CCRAS4 and CCRASS but cavities CCRAS2, CCRAS6, CCRAS7 and CCRASS
showed anti result which may possibly due to oscillation of dust particles in differ-
ent directions. Here, the product of visual extinction and dust color temperature

is found to be consistent and ranges from 0.6 x 107 to 4.0 x 1074

From the distribution of visual extinction in the contour map of all eight far infrared
cavities, it is found that higher temperature region has low visual extinction and
vice-versa which also has proved by linear fit between visual extinction and dust

color temperature.

General Discussion

In this section, we discuss physical properties of all eight cavities which are obtained

from calculations and graphs. Table 9 shows the location of the cavities in the equatorial

coordinate system (R.A. and Dec.), size of the cavities, values of maximum and minimum

dust color temperatures, average values of visual extinction (in mag). From the Table 11,
it is clear that the biggest cavity is CCRAS3 and the smallest cavity is CCRASS.

Maximum dust color temperature of the cavity CCRAS1 has lowest value among the

eight and maximum dust color temperature of cavity CCRASS8 has the highest value

among them.

Scattering plots of all the cavities between F(60) and F(100) show systematic behavior
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having positive slope, intercept and correlation coefficient where correlation coefficient
ranges from 0.72 to 0.89 which justifies there is good correlation between them. Similar
systematic behavior is strongly seen in the scattering plot between visual extinction
and dust color temperature. But in this case, slope and correlation coefficient both
are negative. Here correlation coefficient ranges from —0.64 to —0.92 which signifies
that there is also good correlation between them. If we analyze the scattering plot
between distance (along major and minor diameters) with Planck function, systematic
trend is not found. Higher the dust color temperature, lower the visual extinction is
found from contour map of dust color temperature and visual extinction. But from
Table 11, cavities CCRAS1, CCRAS2, CCRAS4 and CCRASS5 showed inverse relation
between dust color temperature and visual extinction but cavities CCRAS2, CCRAS6,
CCRAS7 and CCRASS showed direct relation means anti correlation between dust color
temperature and visual extinction. But if we see the product of dust color temperature
and visual extinction, their product is found consistent and is less than 1. The cavities
which showed anti-correlation is possibly due to oscillation of dust particles in different
directions in order to get dynamical equilibrium. It also has published in JOAA (Gautam
& Aryal, 2019). According to them, such oscillation, specially sinusoidal oscillation of

dust particles in the deep sky in frozen state is happening.

Figure 56 is for the study of far infrared spectral distributions of the eight far infrared
cavities. In Figure 56(a), four cavities are compared to each other and with nebula MBM
20 “cirus cloud" by Weiland et al. (1986) and in Figure 56(b), other four cavities are
compared to each other and with skeleton nebula by Aryal & Weinberger (2006). In all
four cavities in figure (a), there is increase in flux density with increase in wave length
from 12 um to 25 um, decrease in flux density with increase in wave length from 60 um
to 100 um and then sharp increase in flux density with increase in wave length. Variation
of flux density from 12 ym to 25 um and 60 um to 100 um of all four cavities are more
or less similar but their variation from 25 um to 60 um is quite different. When we
compare these variation with nebula MBM 20, no similarities are found and they are
quite different which differentiates between nebula and far infrared cavities. Similarly, if
we analyze the figure (b), cavities CCRASS and CCRAS6 show similar nature with less
steeper with the cavities CCRAS1, CCRAS2, CCRAS3 and CCRAS4 but two cavities
CCRAS7 and CCRASS show increase in wave length with increase in flux density in
all four bands. Variation of flux density with wave length from 25 ym to 60 um and
60 um to 100 um is similar in Skeleton nebula and CCRASS8 which is due to radiation
pressure and effect of near by bulge in CCRASS. Figure (b) also justified that in case of
far infrared cavities, there is either steeper or less steeper decrease in flux density from

25 pm to 60 pm.
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Table 11: Calculated values of 8 far infrared cavities where first column represents name of the cavities,
next two columns represent positions of the cavities in equatorial coordinate system fourth for size, fifth
and sixth for maximum and minimum dust color temperature and last column represents the average visual

extinction.

Cavities R.A. Dec. Size Trax Thin Ay
hh mm ss dd mm ss (deg x deg) | (K) (K) (XIO_Smag)

CCRAS1 | 041511.8 | 5451084 0.5x0.2 21.1£0.50 | 20.5+0.61 | 2.1
CCRAS2 | 0609459 | 1441 26.6 0.6 x0.2 23.2+0.51 | 21.5+£0.95 | 1.2
CCRAS3 | 063240.6 | 1559479 0.7x0.2 21.4+0.28 | 20.5+0.50 | 1

CCRAS4 | 0634 12.2 | 1430534 0.3x0.2 22.7+0.30 | 22.0+0.48 | 0.7
CCRASS5 | 064134.8 | 01 08 46.8 0.3x0.1 21.9+0.30 | 21.4+0.43 | 1.3
CCRASG6 | 0649 46.6 | 0029 12.6 0.4x0.2 22.0+0.80 | 20.5+1.17 | 1.4
CCRAS7 | 0941284 | =525341.2 | 0.3x0.2 22.6+0.10 | 22.3+0.21 | 2.1
CCRAS8 | 1027084 | =591533.3 | 0.6 x0.2 25.0+0.45 | 23.9+0.15 | 34
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Figure 56: (a) Far infrared spectral distributions of the cavities located at nearby AGB star AGB0415+5441
(CCRASI), AGB0609+1446 (CCRAS2), AGB0631+1606 (CCRAS3), AGB0633+1415 (CCRAS4) and
(b) AGB0642+0053 (CCRASS), AGB0651+0031 (CCRAS6), AGB0939-5249 (CCRAS7) and AGB1025-
5933 (CCRASS). The top most graph in figure (a) is of skeleton nebula by Aryal & Weinberger (2006)
and the top most graph in figure (b) is of nebula MBM 20 “ cirus cloud" by Weiland et al. (1986) for

comparative study respectively.

4.3 Two New Far Infrared Cavities Around Post-Asymptotic Giant Branch Stars

In this section, we describe the physical properties of two cavities namely CCRPAS1 and
CCRPAS?2 around the post-AGB stars PAGB0655-0217 and PAGB0803-3635 listed in
the catalog (Szczerbaetal.,2007). These two cavities were investigated by using sky view
virtual observatory (http://skyview.gsfc.nasa.gov/current/cgi/query.pl) while searching
on IRAS maps at 60 ym and 100 ym wavelengths. Here, we describe the dust color
temperature, Planck function, dust mass and visual extinction distribution. Additionally
the distribution of Planck function and dust color temperature along extension and
compression of the cavities are also described. Here, extension and compression are
major and minor diameter at 100 yum wavelength passing through minimum flux. The
distance of these two cavities are found to be available in the catalog so that it is possible
to calculate dust mass within the cavity as well as their distributions. In the interpretation

section, we study FIR spectral distributions and compared it with the cavities discussed

in the chapter 4.2.

The flux density obtained from ALADIN?2.5 is total flux density (sum of the background
flux and flux due to dust). The flux density obtained is corrected by subtracting it with

the background flux density. The minimum flux density which doesn’t lie within the
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(http://skyview.gsfc.nasa.gov/current/cgi/query.pl)

contour map is supposed as background. The background emission is subtracted from
the field using the method adopted in Aryal et al. (2010). For it, The average value of the
background flux is obtained by noting and summing up of the minimum flux densities
around the region of interest and dividing the sum by total number of pixels with these
minimum flux densities. When this background flux is subtracted from the obtained flux
density of each pixel in the region of interest, it is said to be background corrected flux

density.

For calculation of dust color temperature, we adopted the method proposed by Dupac et
al. (2003) and Schnee et al. (2005). According to them, dust color temperature is given

by

-96

Ty=— 0 4.22
7 (R x 0.63%5) (4.22)

F(60 um)

where, R = (100 om)

and g is spectral emissivity index.

Here F(60) and F(100) are flux densities at 60 um and 100 um respectively. The
derivation and detail description of equation (4.22) is given in the literature review section
(chapter 2.3). When a graph is plotted between F(60 um) and F(100 um), dust color
temperature and Planck function can be calculated by using their slope (F¥(60)/F(100)).

For the calculation of dust mass, we used the expression given by Hildebrand (1983),

4ap S,D?

Mgust = ——
dust 3Qv B(V, T)

(4.23)

According to Young et al. (1993), weighted grain size (a) = 0.1 um, grain density (p)
= 3000 kg m™3, grain emissivity (Q,) = 0.0010 (for 100 um) so that equation (4.23)

becomes

S, D?
B(v,T)

Mg = 0.4 (4.24)

where S, = flux density at 100 um, D = known distance of the loop and B(v, T') = Planck

function.

Detail description of equation (4.23) and (4.24) has described in the literature review

section (chapter 2.4).

Here, the values of visual extinction Ay are calculated by using the expression (2.27) in
chapter 2 given by Wood et al. (1994). The relation is

Ay(mag) = 15.078 (1 — exp (—=7100/641.3)) (4.25)
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where,

F(100 um)
= 4.26
7100 = 5100 am, Tg) (4.26)
is optical depth and F,(100 pum) is the flux at 100 pm.
2hc 1
B(A,T) = E LthkT - 1] (4.27)

is the Planck function. After the calculation of visual extinction, their distributions are

studied with dust color temperature of each pixels.

Here, we describe the physical properties of two new loop candidates around the post-
AGB stars.

4.3.1 Cavity CCRPAS1 Nearby PAGB0655-0217

The cavity CCRPASI1 is found to be located nearby the post-AGB star named PAGB0655-
0217. Their positions are R.A.(J2000) = 06" 53™ 01° (Galactic longitude, [ = 215.4°)
and Dec.(J2000) = —02° 16 00" (Galactic latitude, b = —0.1°) and R.A.(J2000) = 06"
51" 54.0° and Dec.(J2000) = —01° 35” 43" respectively. Figure 57(a) is the image of the
cavity at 100 um IRAS map of size 1.8° x 1.8° and, Figure 57(b) is its contour map. The
contour map shows how flux density is distributed within the cavity. The minimum value
of flux density at the minima is found to be 16.749 MJy sr! (= 1.67 x 10719 kg s72).
The size of the cavity is found to be 1.0° x 0.3° which is extended along north-west to

south-east with minima at the central region.

For calculating of dust color temperature using equation (4.22), we need flux density at
60 um and 100 um wavelengths. There are 439 pixels in the field of view within the
contour level 1-38 in the FITS (Flexible Image Transport System) image. ALADIN2.5
software has been usedto get raw data of relative flux density. The values of dust color
temperature of each pixel is calculated and listed in the Appendix A. From the table,
calculated minimum and maximum dust color temperature are found to be (16.7+0.5) K
and (19.5 + 0.3) K respectively with offset value 2.8 K. Such low offset in dust color
temperature suggests that the core region or say the cavity is in thermal equilibrium.
Figure 57(b) shows that most of the inner contours are surrounded by their outer contours

taking center as minima.

Figure 57(c) is scatter plot between F(60) and F(100) where spreading can be seen at all
flux levels, which suggests that there might be various types of interstellar dust and grain.
The chemical composition of the materials in the interstellar medium can be known by
using spectroscopic data which is not available till date. The average value of dust color

temperature calculated from the slope of the linear fit is 24.4 K. Figure 57(d) describes
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the distribution of dust color temperature where minimum temperature region lies at
the minimum flux region near the center of the cavity but maximum temperature region
lies towards north-east at the maximum flux region. The solid curve of Figure 57(e)
represents the Gaussian fit. The Gaussian center is seen at 19.4 K where +0-/+/n is error
bar or standard error. A very good Gaussian fit is seen where the full width maxima of

the Gaussian fit is sharp and wider suggesting the cavity is well defined and isolated.

Distribution of dust color temperature and dust mass are shown in Figure 57(d,f) with
color bars. Generally, minimum temperature region of the ISM is at higher density and
higher density leads to have larger mass. When we carefully study Figure 57(d.f), same
situation is noticed. It means that the minimum temperature and the massive region are
the same. Similarly maximum temperature and minimum mass region are the same,
which is usual behavior, suggesting that the distribution of materials within the cavity
follow cosmological principle. However, the minimum temperature and massive region

is found to be extended north-south as shown in Figure 57(d,f).

Figure 57(e,g) suggest that the Gaussian distribution is found to be in good agreement
in both dust color temperature and dust mass distributions. But different in width and
skewness are noticed in the Gaussian fit which is due to external factors possibly from
the nearby PAGB0655-0217 star.

Figure 57(h) is the scatter plot between visual extinction and dust color temperature
which shows a systematic distribution with high correlation correlation coefficient i.e.,
—0.97 is found. From the best fit, we found

Ty=-1.8%x10°Ay +22.7 (4.28)

Taking log and solving, we found a very important relation between visual extinction

and dust color temperature. The relation is
Tyx Ay = 1.3 x 107 (4.29)

which is very close to the calculated value. Finally, it is concluded that higher the
temperature, lower the visual extinction and vice-versa which is verified by contour map
of dust color temperature and visual extinction shown in Figure 57(d) and Figure 57(i)

respectively.

Figure 58(a,b) show the distribution of Planck function with extension (major diameter)
and compression (minor diameter) passing through flux minima. In both Figure 58(a,b),
distribution of Planck function with distance is similar i.e., first decreases, becomes

minimum and then increases. It repeats again. It means they are strongly dependent.
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Figure 57: (a) Image of the cavity CCRPAS1 nearby PAGB0655-0217 centered at R.A.(J2000) = 06"
51" 54.02% and Dec.(J2000) = —01° 35’ 43". (b) Contour map of flux density at 100 um wavelength. (c)
Flux at 100 pum verses 60 um plot. (d), (f) and (i) are the contour map of dust color temperature, dust mass
and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the respective
dust color temperature and the dust mass, (h) Visual extinction verses dust color temperature at 100 um,
(i) contour map of visual extinction and (j) 60 um IRAS image, for comparison. The values given in the
bracket is the standard error.
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Figure 58: Variation of Planck function B(v,T) in the cavity CCRPAS1 with the distance along both
diameters: (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point or
north-west point of the diameter is assumed as a reference point i.e., the leftist point is the reference point.
In the best fit, correlation coefficient and the slope of the line are shown. The error bars represent the
standard error (xse) of the deviation.

From equation (4.24), expression of dust mass at 100 um wavelength is written as

S, D?
B(v,T)

Mgy = 0.4 (4.30)

At a particular wavelength and at a constant temperature B(v, T) becomes constant so

that the expression reduces to

Mayst o< S, D* (4.31)
For uniform flux density at 100 um wavelength, the expression again becomes

Myyg & D? (4.32)

The non-relativistic dust particle obeys Maxwellian velocity distribution, then mass is

proportional to temperature so the expression (4.32) can be written as
Ty o D* (4.33)

Figure 58(c,d) show the variation of dust color temperature with D? along major and

minor diameters of the cavity respectively. The nature of variation of dust color tem-
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perature with D? in Figure 58(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 58(a,b). Thus it clearly signifies that the dusts and grains
within the cavity neither be in thermal equilibrium with the far infrared radiation nor
strictly obey the Maxwellian velocity distribution. It is caused due to external effects

which has a significant role in the formation of structure in the cavity.

4.3.2 Cavity CCRPAS2 Nearby PAGB0803-3635

The cavity CCRPAS2 found nearby post-AGB star named PAGB0803-3635 which is
located at R.A.(J2000) = 08" 03 01.7* (Galactic longitude, / =253.0°) and Dec.(J2000)
= —37° 35’ 47.9" (Galactic latitude, b = —03.0°) is centered at R.A.(J2000) = 08" 04"
7.2% and Dec.(J2000) = —37° 11° 48". Figure 59(a) is the image of the cavity at 100 um
IRAS survey of field 1.0° x 1.0°. Figure 59(b) is its contour map which shows how
flux density is distributed within the cavity. The minimum value of flux density at the
minima is found to be 28.537 MJy sr™! (= 2.85 x 107'? kg s72). The size of the cavity

is found to be 0.9 x 0.4 which is extended along south-west to north-east.

There are 494 pixels in the field of view within the contour level 1 — 50 in the FITS
(Flexible Image Transport System) image in ALADIN2.5 software to get raw data of
relative flux density. The calculated minimum and maximum dust color temperature are
found to be (21.6 + 0.09) K and (22.5 + 0.05) K respectively with offset value 0.9 K.
Such low offset temperature suggests that the core region or say the cavity is in thermal

equilibrium.

Figure 59(c) is scatter plot between F'(60) and F(100) where concentrated data is obtained
at low flux levels. The average value of dust color temperature calculated from slope of
the linear fit is 23.6 K. Figure 59(d) describes the distribution of dust color temperature
where minimum temperature region does not lie at the minimum flux region. The solid
curve of Figure 59(e) represents the Gaussian fit. The Gaussian center is seen at 21.8 K
where +0 /+/n is error bar (or standard error). A very good Gaussian fit is seen where
the full width maxima of the Gaussian fit is sharp and wide suggesting the cavity is well
defined and isolated.

Distribution of dust color temperature and dust mass are shown in Figure 59(d.f) with
color bars. Generally, minimum temperature region of the ISM is at higher density and
higher density leads to have larger mass in the region of interest. When we analyze
Figure 59(d,f), same condition is found. It means we can clearly say that the minimum
temperature and maximum mass region are the same. Similarly, maximum temperature
and minimum mass region are also similar, which is a usual behavior. For dust mass,

Gaussian area is 49.8 x 10>’ kg. However, the minimum temperature and the massive
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Figure 59: (a) Image of the cavity CCRPAS1 nearby PAGB0655-0217 centered at R.A.(J2000) = 08"
04™ 7.21° and Dec.(J2000) = —=37° 11 48.0". (b) Contour map of flux density at 100 um wavelength.
(c) Flux at 100 um verses 60 um plot. (d), (f) and (i) are the contour map of dust color temperature,
dust mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Visual extinction verses dust color temperature
at 100 ym. (i) Contour map of visual extinction. (j) 60 um IRAS image, for comparison. The values

M

given in the bracket is the standard error.
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Figure 60: Variation of Planck function B(v,T) in the cavity CCRPAS2 with the distance along both
diameters: (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point or
north-west point of the diameter is assumed as a reference point i.e., the leftist point is the reference point.
In the best fit, correlation coefficient and slope of the line are shown. The error bars represent the standard
error (+se) of the deviation.

region is found to be extended south-west to north-east shown in Figure 59(d,f). Figure
59(e,g) suggest that the Gaussian distribution is found to be in good agreement in both
dust color temperature and dust mass distributions. But different in width and skewness
are found in the Gaussian fit which is due to external factors possibly from the nearby
post-AGB stars.

Figure 59(h) is the best fit between visual extinction and dust color temperature where
slope and correlation coefficient are negative and shows best correlation. From the best
fit, we found

Ty=-1.9x10°Ay +24.3 (4.34)

Taking log and solving, we found a relation between visual extinction and dust color

temperature. The relation is
Tax Ay =13x 107 (4.35)

which is very close to the calculated value. Finally, it is concluded that higher the
temperature, lower the visual extinction and vice-versa. This conclusion is strongly

supported and verified by contour map of dust color temperature and visual extinction
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shown in Figure 59(d) and Figure 59(i) respectively.

Figure 60(a,b) show the distribution of Planck function with extension (major diameter)
and compression (minor diameter) passing through minima. In both Figure 60(a,b),
distribution of Planck function with diameter is similar i.e., it first decreases, becomes
minimum and then increases. It repeats again. In the case of major diameter, they are

slightly independent and in the case of minor diameter, they are dependent.

Figure 60(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 60(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 60(a,b). Thus, it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation
nor strictly obey the Maxwellian velocity distribution. It might be caused due to external

effects which has a significant role in the formation of structure in the cavity.

4.3.3 Conclusion

A systematic search was done in far infrared region under IRAS survey and found
two cavity like structures located nearby post-AGB stars. We studied a few physical
properties such as dust color temperature, Planck function, dust mass, visual extinction,

etc. of the cavities. Following are the conclusions:

* The size of the cavity CCRPASI is found to be ~ 1.0° x 0.3° centered at R.A.=
(J2000) 06" 51" 54.02° and Dec.(J2000) = —01° 35 43". Similarly the size of the
cavity CCRPAS2 is found to be ~ 0.9° x 0.4° centered at R.A.(J2000) = 08" 04
7.21° and Dec.(J2000) = —37° 11° 48.0".

* The dust color temperature of the cavities CCRPAS1 and CCRPAS2 is found to be
in the range (18.7 +0.5) K to (20.5+0.3) Kand (21.6 £0.09) K to (22.5+0.05) K
with an offset value of about 1.8 K and 0.9 K respectively. Such low offset
value of temperature suggests that the dusts in the cavities are almost in thermal

equilibrium.

* Both the cavities show excellent Gaussian fit of dust color temperature with sharp
peak and positive skewness but distribution of dust mass show Gaussian-like

nature with sharp peak and negative skewness.

* From the contour map of both the cavities, it is found that the lower temperature
region is massive and showed high visual extinction and vice-versa. A very
interesting result is that the contour map of dust mass and visual extinction are
exactly the same which also verifies that the distribution of particles in both cavities

support cosmological principle.
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Table 12: Calculated values of two far infrared cavities where first column represents name of the cavities,
next two columns represent positions of the cavities in equatorial coordinate system, fourth for size, fifth
and sixth for minimum and maximum dust color temperature, last two column represent the average visual
extinction and total dust mass of the cavities.

Cavities R.A. Dec. Size Tin Tax Ay My
hhmmss | ddmmss | (degxdeg) | (K) (K) (mag) (kg)
CCRPAS1 | 065154 | —-013543 | 1.0x0.3 18.7+0.5 | 20.5+0.3 1.8x107> | 2.5x10°!
CCRPAS2 | 080407 | -371148 | 0.9x0.4 21.6+0.1 | 22.5+0.1 | 1.3x10™ | 0.4x10°!

* Dust mass of each pixel of the cavities CCRPAS1 and CCRPAS?2 are found to be
5.6x 10% kg and 8.7 x 10?7 kg, respectively. It means cavity CCRPAS1 is heavier
than CCRPAS2.

* From the plot between visual extinction and dust color temperature, it is concluded
that the product Ty x Ay is constant and is equal to 3.0 X 10~*. It means that, higher
the temperature, lower the visual extinction and vive-versa. It is also verified by

contour map of dust color temperature and visual extinction.

4.4 General Discussion

In this section, we discuss physical properties of two cavities which are obtained from
calculations and graphs. Table 12 shows the location of the cavities in the equatorial
coordinate system (R.A. and Dec.), size of the cavities, values of maximum and minimum
dust color temperatures, average values of visual extinction (in mag) and dust mass of
the cavities. From the Table 12, it is clear that the cavity CCRPAS?2 is larger than
CCRPASI1. Cavity CCRPAS?2 is at higher temperature than CCRPAS1.

Scattering plots between F(60) and F(100) show systematic behavior having positive
slope and correlation coefficient where correlation coefficients are 0.78 and 0.86 respec-
tively which justify that there is better correlation between them. Similar systematic
behavior is strongly seen in the scattering plot between visual extinction and dust color
temperature where slope and correlation coeflicient both are negative. Here correlation
coeflicients are —0.97 and —0.70 respectively which signifies that there is also excellent
correlation between them. From the best fit, it is found that the product of dust color
temperature and visual extinction is constant which is also verified by contour map of
dust color temperature and visual extinction. If we analyze the scattering plot between
dust color temperature and Planck function with distance (along major and minor diam-
eters passing through minima), systematic trend is not found where dust particles are

oscillating in order to get dynamical equilibrium.

We also studied FIR spectral distribution and compared it with the cavities CCRAS1

136



T T T

T T T T
100 || PAGBO0653-0216 (CCRPAS1 e —=— PAGB0653-0216 (CCRPAS1) i
--@- PAGB0801-3651 (CCRPAS2) / | | -~ PAGB0801-3651 (CCRPAS2) /
A AGB0415+5441 (CCRAS1) A Jha et al.(2017) (GO07+18)
—w— AGB1025-5933 (CCRASS) i/ ---- Jha et al.(2017) (G143+07)

0k

F, (MJy/sr))

L L " " PR B S R A A AT NN N TR TR Ty T L i’
60 80 100 20 A(um) 40 60 80 100

Aum)

Figure 61: (a) Far infrared spectral distributions of the cavities located nearby PAGB star PAGB0653-
0216 (CCRPASI1) and PAGB0801-3651 (CCRPAS2) where the top most two graphs are of the cavities
CCRAS1 and CCRASS, for comparison. (b) Comparison of FIR distribution of the cavities with Jha et
al. (2017).

and CCRASS; chapter 4.1) and Jha et al. (2017). Before comparing FIR spectral
distribution, it is important to note physical process of wind blow. Actually, the AGB
stars emit the particles as a stellar wind with a velocity of (5 to 75) km s~ Kartunnen
et al., (2007). Due to such wind blow, FIR cavities are pumped by AGB stars. But
in case of pulsars, physical situation is quite different that the pulsars emit beam of
electromagnetic radiation instead of matter. Figure 61 (a) shows the study of far infrared
spectral distributions of the two far infrared cavities (CCRPAS1 and CCRPAS2) with
other two cavities (CCRAS1 and CCRASS) which are studied in the chapter 4.1. In case
of the cavities CCRPAS1 and CCRPAS?2, there is increase in flux density with increase
in wave length from 12 um to 25 um, decrease in flux density with increase in wave
length from 25 um to 60 um and then sharp increase in flux density with increase in
wave length from 60 ym to 100 ym. Variation of flux density from 12 ym to 25 ym and
60 um to 100 um of two cavities are more or less similar but their variation from 25 um
to 60 um is quite different. When we compare these variation with cavity CCRASI,
similar nature is found. Similarly, if we analyze them with CCRASS, their variation
is found to be different showing continuous increase in flux density with increase in
wavelength in all four bands. Such a variation of flux density of CCRAS8 might be
due to radiation pressure and effect of near by bulge of the galaxy. Figure 61 (b) is the
comparative study of FIR spectral distributions of the two cavities with Jha et al. (2017)
where similar nature is found. Hence, with certain exception, it also justified that far

infrared cavities show negative slope in transition from 25 ym to 60 yum.

4.5 Eight New Far Infrared Cavities Around C-Rich AGB Stars Located Within
The Far Infrared loops (K.K. Loops)

In this chapter, we describe some physical properties of eight new far infrared cavities
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named CASKK1, CASKK2, CASKK3, CASKK4, CASKKS, CASKK6, CASKK7 and
CASKKS where C stands for cavity, A stands for asymptotic giant branch, S is for star
and KK is taken in comparison with Kiss et al. (2004) and Konyves et al. (2007) listed
in the catalog provided by Suh & Kwon (2009) around carbon-rich AGB stars located
within the far infrared (FIR) loop based catalog which was reported by Kiss et al. (2004)
and Konyves et al. (2007), called Galactic Infrared Loop (GIRL) catalog. There are 462
FIR loops where 137 loops have derived distances which are used to measure dust mass.
These eight cavities were selected while searching on IRAS maps at 60 ym and 100 um

wavelengths.

Here, we measure the dust color temperature, Planck function, dust mass and visual
extinction of the cavities separately. Expression (2.35) of dust mass mentioned in
chapter 2 showed that lower the values of Planck function, higher its masses. Since
frequency or wavelength are fixed so that the parameter which affects the Planck function
is only dust color temperature. Here, first we report the nature of distribution of dust
color temperature and dust mass in all pixels of the cavities which are located nearby
AGB stars and later their maps and graphs will be discussed. Additionally, we study
the distribution of Planck function and dust color temperature along extension and
compression of the cavity. Here extension means major or the longest diameter at longer
wavelength (100 um) passing through minimum flux region. Similarly compression
corresponds the minor or the shortest diameter at the same longer wavelengths passing

through the same minima region.

4.5.1 FIR Cavity CASKK1 Nearby the AGB0141+7104 Located Within G125+09

The cavity CASKKI1 is found to be located nearby the AGB star named AGB0141+7104
at R.A.(J2000) = 01" 41" 01° (Galactic longitude, [ = 127.0°) and Dec.(J2000) = 71°
04’ 00" (Galactic latitude, b = 8.6°) which is centered at R.A.(J2000) = 01" 46™ 57.2¢
and Dec.(J2000) = 71° 24’ 57.1". Figure 62(a) is the image of the cavity at 100 um
IRAS maps in size 1.0° x 1.0° and Figure 62(b) is its contour map which shows how
flux density is distributed within the cavity. The minimum value of flux density at the
minima is found to be 14.973 MJy sr™! (= 1.49 x 107!” kg s72). The size of the cavity
is found to be 0.7° x 0.2° which is extended along east-west direction. Similarly size
of the KK-loop G125+09 given in the catalog Konyves et al. (2007) is 6.1° X 5.4° and
the distance between AGB0141+7104 and G125+09 is 3.1° which shows that the AGB
star is within the KK-loop G125+09. The cavity is located at 8.6° galactic latitude with
position angle 348.7° so that it is in the galactic plane inclined by ~ 11.0°.

Figure 62(c) is scatter plot between F(60) and F'(100) where concentrated data is obtained
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at middle flux levels. The value of correlation coefficient (R) is 0.68, suggesting a very
good correlation between them. The average value of dust color temperature calculated
from slope of the linear fit is 22.2 K. Figure 62(d) describes the distribution of dust color
temperature where minimum temperature region does not lie at the minimum flux region.
The solid curve of Figure 62(e,g) represents the Gaussian fit of dust color temperature
and dust mass. The cavity is 220 pc far from us Konyves et al. (2007). The Gaussian
fit of dust mass showed that the mass distribution is inhomogeneous. The larger value
of FWHM, indicates that the cavity contains several equal mass region. Total mass of
the cavity is found to be 1.86 x 10?8 kg, larger than the Gaussian value. The Gaussian
center of dust color temperature is found as 20.2 K and Gaussian area of dust mass is
found to be 0.34 x 10?7 kg. The statistical o /+/n is error bar shown in the fitted graph.
A very good Gaussian fit is seen in both dust color temperature and dust mass where
the full width half maxima of the Gaussian fit is sharp and wide suggesting the cavity
is well defined and isolated. Very good Gaussian nature further suggests that the cavity

follows isotropic nature.

The values of dust color temperature and dust mass are calculated by using expressions
(4.22) and (4.24) which are listed in Appendix A. The calculated minimum and maximum
dust color temperature are found to be (19.7 + 0.62) K and (21.1 + 0.28) K respectively
with offset value 1.4 K. Such low offset temperature suggests that the core region or say
cavity is in thermal equilibrium. Similarly calculated average dust mass of the cavity is
found to be 4.93 x 10> kg.

Gaussian distribution of dust mass is shown in Figure 62(g). Like to dust color tem-
perature map, we discuss the mass aggregation in the cavity. In normal condition, the
lower temperature region shows the larger mass aggregation which is obtained in cavity
CASKKI. It means the cavity CASKK1 supports the cosmological principle (homoge-
neous and isotropy). But if this principle is violated, the polytropic rather than isotropic

behavior can be suspected.

Figure 62(h) is the linear fit of the scattered plot between visual extinction and dust color
temperature which shows best correlation coefficient i.e., —0.92. From the best fit, we

found
Ty=-22%x10°Ay +22.2 (4.36)

Taking log and solving, we found a very important relation between visual extinction

and dust color temperature. The relation is

Tyx Ay = 1.0x 1074 (4.37)
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which is very close to the calculated value. Finally , it is concluded that higher the
temperature, lower the visual extinction and vice-versa. This conclusion is strongly
supported and verified by contour map of dust color temperature and visual extinction
shown in Figure 62(d) and Figure 62(i) respectively.
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Figure 63: Variation of Planck function B(v, T) in the cavity CASKK1 with the distance along both
diameters (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point
or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient and the slope of the best fit are shown. The error bars represent
the standard error (+se) of the deviation.

Figure 63(a,b) show the distribution of Planck function along extension (major diameter
and compression (minor diameter) passing through minima. In both Figure 63(a,b),
distribution of Planck function with distance is similar i.e., first decreases, becomes
minimum and then increases. It repeats again. In case of both diameters, slope and
correlation coefficient (R) are negative. Since the correlation coefficient is small and
negative so that there is very poor correlation between the data. It means the materials
that are along major and minor diameters do not behave like a black body, i.e., their
velocity distribution do not co-exist with Planck theory. Therefore the cavity is relatively

unstable.

Figure 63(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 63(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 63(a,b). Thus it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation
nor strictly obey the Maxwellian velocity distribution. It is possibly due to nearby AGB

wind or any other similar point sources.
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4.5.2 FIR Cavity CASKK2 Nearby the AGB0409+6105 Located Within G143+07

The cavity CASKK2 nearby to the AGB star named AGB0409+6105 is found to be
located at R.A.(J2000) = 04" 09" 00° (Galactic longitude, [ = 144.6°) and Dec.(J2000)
=61° 05" 00" (Galactic latitude, b = 6.8°). Figure 64(a) is the image of the cavity at 100
pm IRAS maps of field 1.0° x 1.0°. Figure 64(b) is its contour map which shows how
flux density is distributed within the cavity. The minimum value of flux density at the
minima is found to be 18.831 MJy sr™! (= 1.883 x 1071° kg s72). The size of the cavity
is found to be 0.6° x 0.2° which is extended along north-south direction. Similarly size
of the KK-loop G143+07 given in the catalog Konyves et al. (2007) is 4.5° x 3.0° and the
distance between AGB0409+6105 and G143+07 is 1.0°. It means the AGB star is within
the KK-loop G143+07. The cavity is located at 6.8° galactic latitude with position angle
317.1° so that it is in the galactic plane inclined by ~ 43.0°.

A broad scatter is seen in the higher flux density region and narrow scatter in low flux
density region obtained in the scatter plot in Figure 64(c) between F(60) and F(100).
From the linear fit, slope and correlation coefficient (R) are found to be 0.21 and 0.72
respectively. Correlation coeflicient shows that there is good correlation between the
flux densities. From the linear fit, the dust color temperature is found to be 23.2 K. The
calculated minimum and maximum dust color temperature are found to be (19.0+0.93) K
and (20.4+0.65) K respectively. The cavity is surrounded by strong emission of 100 pm,

suggesting a stable and an isolated cavity.

Contour map of dust color temperature and dust mass are shown in Figure 64(d,f) with
color bars. From the figure, it is found that minimum temperature region is massive
and vice-versa. It means the distribution primarily follow the cosmological principle so
that it is homogeneous and isotropic. The solid curve of Figure 64(e,g) represents the
Gaussian fit of dust color temperature and dust mass. Both Gaussian fit are found to be
very sharp and in well agreement with temperature and mass. It suggests that the flux
minima of the cavity extended and well connected with its environment. The cavity is
900 pc far from us (Konyves et al., 2007). The Gaussian fit of dust mass showed that the
mass distribution is homogeneous. The larger value of FWHM, indicates that the cavity
contains several equal mass region. Total mass of the cavity is found to be 3.58 x 10%° kg,
larger than the Gaussian value. The Gaussian center of dust color temperature is found
as 20.1 K and Gaussian area of dust mass is found to be 0.63 x 108 kg. The statistical

+0/+/n error bar is shown.

Figure 64(h) is the best fit between visual extinction and dust color temperature which

shows a systematic trend with best correlation coefficient i.e., —0.95. From the best fit,
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we found
Tqa=-19x% 105AV +23.0 (4.38)

Taking log and solving, we found a very important relation between visual extinction

and dust color temperature. The relation is
Tax Ay =13x 107 (4.39)

which is very close to the calculated value. Finally , it is concluded that higher the
temperature, lower the visual extinction and vice-versa. It is strongly supported and
verified by contour map of dust color temperature and visual extinction shown in Figure
64(d) and Figure 64(i) respectively.
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Figure 65: Variation of Planck function B(v, T) in the cavity CASKK?2 with the distance along both
diameters (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point
or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient and the slope of the line are shown. The error bars represent
the standard error (+se) of the deviation.

Figure 65(a,b) show the distribution of Planck function with extension (major diameter)
and compression (minor diameter) passing through minima. In both Figure 65(a,b),
distribution of Planck function with distance is similar i.e., first decreases, becomes
minimum and then increases. It repeats again. In case of both diameters, slope and

correlation coeflicient (R) are negative.

Figure 65(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 65(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 65(a,b). Thus it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation
nor strictly obey the Maxwellian velocity distribution. It is due to the external effect

caused by AGB star or any other similar point sources.

4.5.3 FIR Cavity CASKK3 Nearby the AGB0538+1216 Located Within G195-11

The cavity is found to be is located at R.A.(J2000) = 05" 38 03¢, Dec.(J2000) = 12° 16’
00" (I = 193.4° and b = —10.2°) centered at R.A.(J2000) = 05" 36™ 17.23%, Dec.(J2000)
=12° 03 33.6". The maximum to minimum flux density ratio of the cavity CASKK3
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at 100 um is found to be 1.1. Figure 66(a) is the image of the cavity at 100 um IRAS
maps at pixel size 1.0° X 1.0° and Figure 66(b) is its contour map which shows how flux
density is distributed within the cavity. The minimum value of flux density at the minima
is found to be 21.63 MJy sr™! (= 2.16 x 107! kg s72). Size of the cavity is defined as its
major and minor diameters passing through minimum flux region. Therefore diameters
are drawn through minimum flux region at 100 um wavelength. Here size of the cavity
is found about 0.7° x 0.4°. Like wise, the size of KK-loop G195-11 given in the catalog
Konyves et al. (2007) is 4.3° x 43.4° where distance between AGB0538+1216 and
G195-11 is 3.0°. Therefore, the AGB star is located within the KK-loop. The shape of
the cavity is shown in Figure 61(a,b) which is elongated along north-east to south-west
direction. It is located at —10.2° galactic latitude with position angle 300.9° so it is in
the galactic plane inclined by ~ 59.0°. It means the cavity is very close to the galactic
plane so that it is located in the strong radiation field emitted from the disk of the Milky
Way.

Figure 66(c) is a scatter plot between the F(60) and F(100) data where a broader scatter
is seen through out the region of interest. Here, the correlation coefficient (R) is 0.72
which shows that there is good correlation between the data. The cavity shows strong
east-west elongation, indicating the external cause rather than the effect of radiation field
of the Galactic plane. From the linear fit, the dust color temperature is found to be
23.3 K. The calculated minimum and maximum dust color temperature are found to be
(22.3 £0.25) K and (23.1 + 0.05) K respectively.

Contour map of dust color temperature and dust mass are shown in Figure 66(d,f) with
color bars. From the figure, it is found that minimum temperature region is massive. It
means the distribution is homogeneous and isotropic. The solid curve of Figure 66(e,g)
represents the Gaussian fit of dust color temperature and dust mass. The cavity is 400 pc
far from us (Konyves et al., 2007). The larger value of FWHM, indicates that the cavity
contains several equal mass region. Total mass of the cavity is found to be 3.9 x 10?8 kg,
larger than the Gaussian value. The Gaussian center of dust color temperature is found
as 22.6 K and Gaussian area of dust mass is 0.4 x 10%” kg. The +-7- is the standard
error of tha data shown in the graph. Dust mass distribution is found to be in agreement
with Gaussian distribution which supports homogeneous distribution. The height of
Gaussian fit suggests the on-going mass loading process in the cavity and it is possible

due to strong external effect. The nearby AGB star provides such effects.

Best fit of the scattering plot between visual extinction and dust color temperature shown
in Figure 66 shows a systematic trend with better correlation coefficienti.e., —0.84. From
the best fit, we found

Ty=-3.6x10°Ay +25.5 (4.40)
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Taking log and solving, we found a very important relation between visual extinction

and dust color temperature. The relation is
Tyx Ay = 0.8 x 1074 (4.41)

which is very close to the calculated value. Finally , it is concluded that higher the
temperature, lower the visual extinction and vice-versa which is strongly supported
and verified by contour map of dust color temperature and visual extinction shown in

Figure 66(d) and Figure 66(i) respectively.
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Figure 66: (a) Image of the cavity CASKK3 nearby to the AGB0409+6105 centered at R.A.(J2000) =
05" 36™ 17.23% and Dec.(J2000) = 12° 03’ 33.6". (b) Contour map of flux density at 100 yum wavelength.
(c) Flux at 100 um verses 60 um plot. (d), (f) and (i) are contour map of dust color temperature, dust
mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Best fit between visual extinction and dust color
temperature at 100 ym and (j) 60 um IRAS image, for comparison. The values given in the bracket is the
standard error.
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Figure 67: Variation of Planck function B(v, T) in the cavity CASKK3 with the distance along both
diameters (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point
or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient and the slope of the line are shown. The error bars represent
the standard error (+se) of the deviation.

Figure 67(a,b) show the distribution of Planck function with extension (major diameter)
and compression (minor diameter) passing through minima. In both Figure 67(a,b),
distribution of Planck function with distance is similar i.e., first decreases, becomes
minimum and then increases. It repeats again. In case of both diameters, slope and
correlation coeflicient (R) are negative in case of major diameter but they are positive in
minor diameter. Since the regression coefficient is not small so that there is moderate

correlation between the data.

Figure 67(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 67(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 67(a,b). Thus, it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation
nor strictly obey the Maxwellian velocity distribution. It is due to the external effect

caused by AGB star or any other similar point sources.
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4.5.4 FIR Cavity CASKK4 Nearby the AGB0555+2827 Located Within G182+00

The cavity is found to be located at R.A.(J2000) = 05" 55™ 00%, Dec.(J2000) = 28° 27’
00" (I = 181.5° and b = 1.5°) centered at R.A.(J2000) = 05" 54" 04.5%, Dec.(J2000) =
28° 52’ 38.3". The maximum to minimum flux density ratio of the cavity CASKK4 at
100 pm is found to be 1.1. Figure 68(a) is the image of the cavity at 100 um IRAS
maps at pixel size 1.0° X 1.0° and Figure 68(b) is its contour map which shows how flux
density is distributed within the cavity. The minimum value of flux density at the minima
is found to be 21.451 MJy sr™! (= 2.145 x 107!° kg s2). Size of the cavity is defined
as its major and minor diameters passing through minimum flux region. Therefore
diameters are drawn through minimum flux region at 100 um wavelength. Here size of
the cavity is found about 0.7° x 0.4°. Like wise, the size of KK-loop G182+00 given in
the catalog Konyves et al. (2007) is 4.7° x 4.1° where distance between AGB0555+2827
and G182+00 is 1.54° hence the AGB star is located within the KK-loop. The shape of
the cavity is shown in Figure 68(a,b) which is elongated along north-east to south-west
direction. Since it is located at 1.5° galactic latitude with position angle 300.3° so it is
in the galactic plane inclined by ~ 60°. It means the cavity is very close to the galactic
plane so that it is located in the strong radiation field emitted from the disk of the Milky
Way.

There are 381 pixels in the field of view within the contour level 1-102 in the FITS
(Flexible Image Transport System) image in ALADIN2.5 software to get raw data of
relative flux density. Figure 68(c) is scatter plot between F(60) and F(100) where
there is high gathering and spreading at the middle flux levels. The average value of
dust color temperature calculated from slope of the linear fit is 23.3 K.The calculated
minimum and maximum dust color temperature in the vicinity of the cavity are found to
be (18.6 + 1.16) K and (19.8 + 0.86) K respectively.

Contour map of dust color temperature and dust mass are shown in Figure 68(d,f) with
color bars. From the figure, it is found that minimum mass region is found to be
at the high temperature region, supporting the cosmological principle. Therefore the
distribution is homogeneous and isotropic. The solid curve of Figure 68(e,g) represents
the Gaussian fit of dust color temperature and dust mass. The cavity is 3800 pc far from
us (Konyves et al., 2007). Total mass of the cavity is found to be 1.1x 103! kg, larger than
the Gaussian value. The Gaussian center of dust color temperature is found as 19.3 K
and Gaussian area of dust mass is found to be 0.9 x 10%° kg. Dust mass distribution
is found to be in agreement with Gaussian distribution which supports homogeneous
distribution. The height of Gaussian fit suggests the on-going mass loading process in
the cavity and it is possible due to strong external effect. The nearby AGB star provides

such effects.
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Linear fit of the plot between visual extinction and dust color temperature shown in
Figure 68 shows a systematic trend with best correlation coefficient i.e., —0.98. From
the best fit, we found

Ty=-1.1x10°Ay +21.9 (4.42)
Taking log and solving it, we found a relation between them. The relation is
Tax Ay =2.0X 10_4 (4.43)

which is very close to the calculated value. It means similar trend is found as found
in the previous cavities. This result is strongly supported and verified by contour map
of dust color temperature and visual extinction shown in Figure 68(d) and Figure 68(i)

respectively.
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standard error.
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Figure 69: Variation of Planck function B(v, T) in the cavity CASKK4 with the distance along both
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or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient and the slope of the line are shown. The error bars represent
the standard error (+se) of the deviation.

Figure 69(a,b) show the distribution of Planck function with extension and compression
passing through minima. In both Figure 69(a,b), distribution of Planck function with
distance is similar i.e., first decreases, becomes minimum and then increases. It repeats
again. But some how it looks like a random distribution. In case of both diameters,
slope and correlation coefficient (R) are positive . Correlation coefficient is high in case
of minor diameter than major diameter so there is good correlation between the data in

minor diameter.

Figure 69(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 69(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 69(a,b). Thus, it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation
nor strictly obey the Maxwellian velocity distribution. It is due to the external effect

caused by AGB star or any other similar point sources.
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4.5.5 FIR Cavity CASKKS Nearby the AGB0617-0634 Located Within G212-11

The cavity is found to be located at R.A.(J2000) = 06" 17 08%, Dec.(J2000) = —06° 34’
00" (I =214.9° and b = —10.6°) centered at R.A.(J2000) = 06" 17" 18.4%, Dec.(J2000)
= —06° 38’ 08.4". The maximum to minimum flux density ratio of the cavity CASKKS5
at 100 um is found to be 1.1. Figure 70(a) is the image of the cavity at 100 um IRAS
maps at pixel size 1.0° X 1.0° and Figure 70(b) is its contour map which shows how flux
density is distributed within the cavity. The minimum value of flux density at the minima
is found to be 14.283 MJy sr™! (= 1.428 x 107!° kg s72). Size of the cavity is defined
as its major and minor diameters passing through minimum flux region. Therefore
diameters are drawn through minimum flux region at 100 um wavelength. Here size of
the cavity is found about 0.6° x 0.3°. Like wise, the size of KK-loop G212-11 given in
the catalog Konyves et al. (2007) is 8.4° x 7.1° where distance between AGB0617-0634
and G212-11 is 2.91° hence the AGB star is located within the KK-loop. The shape of
the cavity is shown in Figure 70(a,b) which is elongated along north south direction.
Since it is located at —10.6° galactic latitude with position angle 296.5° so it is in the

galactic plane inclined by ~ 64.0°.

In Figure 70(c), flux densities 60 ym are plotted against 100 ym and fitted linearly to find
the slope. This slope has been used to calculate average value of dust color temperature.
From the figure, it is found that at higher values of flux densities, large number of
observations are found than that of the smaller, indicating the presence of different
chemical species at the core and surrounding region. A spectroscopic information is
needed to track out relative abundance of materials in the dust and grain of the cavity but
no spectroscopic data are available till date. From the linear fit, correlation coefficient
(R) is found to be 0.83 which shows that there is good correlation between the plotted
data. The average value of dust color temperature calculated from the slope of the
linear fit is 21.6 K.The calculated minimum and maximum dust color temperature in the
vicinity of the cavity are found to be (19.2 + 0.47) K and (19.7 + 0.27) K respectively.

Contour map of dust color temperature and dust mass are shown in Figure 70(d,f) with
color bars. From the figure, itis found that minimum mass region is found to be at the high
temperature region and vice-versa, supporting the cosmological principle. Therefore the
distribution is homogeneous and isotropic. The solid curve of Figure 70(e,g) represents
the Gaussian fit of dust color temperature and dust mass. The cavity is 500 pc far from us
(Konyves et al., 2007). Total mass of the cavity is found to be 8.1 x 10 kg, larger than
the Gaussian value. The Gaussian center of dust color temperature is found as 19.6 K

and Gaussian area of dust mass is found to be 1.0 x 10?7 kg.

Best fit between visual extinction and dust color temperature shown in Figure 70 shows

a systematic trend with excellent correlation coefficient i.e., —0.84. From the best fit, we
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found

Ty=-1.8x10°Ay +22.2 (4.44)
Taking log and solving, we found

Tyx Ay = 1.3 x 107 (4.45)

which is very close to the calculated value. Thus, it is concluded that higher the dust
color temperature, lower the visual extinction and vice-versa. This conclusion is strongly
supported and verified by contour map of dust color temperature and visual extinction

shown in Figure 70(d) and Figure 70(i) respectively.
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17" 18.39° and Dec.(J2000) = —06° 38’ 08.4". (b) Contour map of flux density at 100 um wavelength.
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dust mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Best fit between visual extinction and dust color

temperature at 100 um and (j) 60 um IRAS image, for comparison. The values given in the bracket is the
standard error.

157



. . . .
(a) Major diameter (T Minor diameter

N
.
N}
L
T

(v, T) (X 107" Wm™ Sr" Hz")
. : . .
i
|

FS
~

Blv, T) (X 107" Wm™ sr' Hz')

L R=056 | R=0.11
1 I 21 1 1
0.0 D(pc) 25 5.0 0 D(pc) 1 2
T T T ¥ T T T T
(c) Major diameter r(d) Minor diameter

R=058 | 192} R=034 |

0 Di(pc) 10 20 : D(pc?) : :
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the standard error (+se) of the deviation.

Figure 71(a,b) show the distribution of Planck function with extension (major diameter)
and compression (minor diameter) passing through minima. In both Figure 71(a,b),
distribution of Planck function with distance is similar i.e., first decreases, becomes
minimum and then increases. It repeats again in case of major diameter. But some how
it looks like a random distribution. In case of both diameters, slope and correlation
coeflicient (R) are positive . Correlation coefficient is small so there is poor correlation

between the data.

Figure 71(c,d) show the variation of dust color temperature with D? along major and
minor diameters of the cavity respectively. The nature of variation of dust color tem-
perature with D? in Figure 71(c,d) is exactly similar to that of the variation of Planck
function with D as in Figure 71(a,b). Thus, it clearly signifies that the dusts and grains
within the cavity neither be in exactly thermal equilibrium with the far infrared radiation

nor strictly obey the Maxwellian velocity distribution.

4.5.6 FIR Cavity CASKK6 Nearby the AGB0619-0558 Located Within G212-11

The cavity is found to be located at R.A.(J2000) = 06" 19 06°, Dec.(J2000) = —05° 58’
00" (I = 214.6° and b = —9.9°) centered at R.A.(J2000) = 06" 21" 04.5%, Dec.(J2000)
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= —05° 58’ 31.6". The maximum to minimum flux density ratio of the cavity CASKK6
at 100 pm is found to be 1.1. Figure 72(a) is the image of the cavity at 100 um IRAS
maps at pixel size 1.0° x 1.0° and Figure 72(b) is its contour map which shows how flux
density is distributed within the cavity. The minimum value of flux density at the minima
is found to be 12.747 MJy sr~! (= 1.27 x 107'? kg s72). Size of the cavity is defined
as its major and minor diameters passing through minimum flux region. Therefore
diameters are drawn through minimum flux region at 100 um wavelength. Here size of
the cavity is found about 0.7° X 0.3°. Like wise, the size of KK-loop G212-11 given in
the catalog Konyves et al. (2007) is 8.4° x 7.1° where distance between AGB0617-0634
and G212-11 is 2.79° hence the AGB star is located within the KK-loop. The shape
of the cavity is shown in Figure 72(a,b) which is elongated along north south direction
where the centered minimum flux density is completely surrounded by other higher flux
density region. It means the matter with in the cavity are in certain order and follow
cosmological principle. Itis located at —9.9° galactic latitude with position angle 296.6°

so it is in the galactic plane inclined by ~ 63.0°.

Figure 72(c) is a scatter plot between 60 um flux densities are 100 ym flux densities and
is fitted to find the slope. This slope has been used to calculate average value of dust
color temperature. From the figure, it is found that at higher values of flux densities,
large number of observations are found than that of the smaller, indicating the presence
of different chemical species at the core and surrounding region. From the linear fit,
correlation coeflicient (R) is found to be 0.81 which shows that there is good correlation
between the plotted data. The average value of dust color temperature calculated from
the slope of the linear fit is 23.1 K.The calculated minimum and maximum dust color
temperature in the vicinity of the cavity are found to be (18.3+1.2) Kand (19.8 +0.83) K

respectively.

Figure 72(d,f) show contour map of dust color temperature and dust mass with color
bars. From the figure, it is found that minimum mass region is found to be at the high
temperature region and vice-versa, supporting the cosmological principle. Therefore the
distribution is homogeneous and isotropic. The solid curve of Figure 72(e,g) represents
the Gaussian fit of dust color temperature and dust mass where Gaussian fit agreed the
Gaussian distribution. The height of the Gaussian fit of dust mass suggests the on-going
mass loading process in the cavity. The cavity is 500 pc far from us (Konyves et al.,
2007). Total mass of the cavity is found to be 7.55 x 10?8 kg, larger than the Gaussian
value. The Gaussian center of dust color temperature is found as 19.1 K and Gaussian
area of dust mass is found to be 2.2 x 10?7 kg.

Figure 72 is the best fit between visual extinction and dust color temperature which

shows a systematic trend with best correlation coefficient i.e., —0.97. From the best fit,

159



we found
Tq=-13x% 105AV +25.5 (4.46)

Taking log and solving, we found a very important relation between visual extinction

and dust color temperature. The relation is
Tax Ay =0.8x 107 (4.47)

which is very close to the calculated value. Finally , it is concluded that higher the
temperature, lower the visual extinction and vice-versa which is strongly supported
and verified by contour map of dust color temperature and visual extinction shown in

Figure 72(d) and Figure 72(i) respectively.
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Figure 72: (a) Image of the cavity CASKKG6 nearby to the AGB0619-0558 centered at R.A.(J2000) = 06"
21™ 04.48° and Dec.(J2000) = —05° 58” 31.6". (b) Contour map of flux density at 100 um wavelength.
(c) Flux at 100 um verses 60 um plot. (d), (f) and (i) are the contour map of dust color temperature,
dust mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Best fit between visual extinction and dust color
temperature at 100 ym and (j) 60 um IRAS image, for comparison. The values given in the bracket is the
standard error.
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Figure 73: Variation of Planck function B(v, T) in the cavity CASKK6 with the distance along both
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the standard error (+se) of the deviation.

Figure 73(a,b) show the distribution of Planck function with extension and compression
passing through minimum flux density. In both Figure 73(a,b), distribution of Planck
function with distance is similar i.e., first decreases, becomes minimum and then in-
creases. It repeats again. But some how it looks like a random distribution. In case of
extension, slope and correlation coeflicient (R) are large and positive where as they are

small and negative in case of compression.

Figure 73(c,d) show the variation of dust color temperature with D? along extension and
compression of the cavity respectively. The nature of variation of dust color temperature
with D? in Figure 73(c,d) is similar to that of the variation of Planck function with D
as in Figure 73(a,b). Thus, it clearly signifies that the dusts and grains within the cavity
neither be in exactly thermal equilibrium with the far infrared radiation nor strictly obey

the Maxwellian velocity distribution.

4.5.7 FIR Cavity CASKK7 Nearby the AGB0712-1720 Located Within G229-03

The cavity is found to be located at R.A.(J2000) = 07" 12™ 045, Dec.(J2000) = —17° 20’
00" (I =230.7° and b = —3.4°) centered at R.A.(J2000) = 07 06 51.34°, Dec.(J2000) =
—17° 34’ 36.5". The maximum to minimum flux density ratio of the cavity CASKK?7 at
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100 pm is found to be 1.1. Figure 74(a) is the JPG image of the cavity at 100 um IRAS
maps at pixel size 1.0°x 1.0° and Figure 74(b) is its contour map. The minimum value of
flux density at the minima is found to be 11.639 MJy sr~! (= 1.164x 107! kg s72). Here
size of the cavity is found about 0.8° X 0.3° and the size of KK-loop G229-03 given in
the catalog Konyves et al. (2007) is 3.7° x 3.6° where distance between AGB0712-1720
and G229-03 is 1.5°. It means, the AGB star is located within the KK-loop. The shape
of the cavity is shown in Figure 74(a,b) which is elongated along north-south direction.
Since it is located at —3.41° galactic latitude with position angle 297.4° so it is in the

galactic plane inclined by ~ 63.0°.

There are 297 pixels in the field of view within the contour level 1-35 in the FITS image
in ALADIN2.5 software to get raw data of relative flux density. Figure 74(c) is the
scatter plot between F(60) and F(100) where a best line is fitted to calculate average
value of dust color temperature from its slope. There is good correlation between the
data. The average value of dust color temperature calculated from slope of the linear fit
is found to be 23.3 K. The calculated minimum and maximum dust color temperature in
the vicinity of the cavity are found to be (17.7 + 1.4) K and (19.5 +0.95) K respectively.

Contour map of dust color temperature and dust mass with color bars are shown in Figure
74(d,f). From the figure, it is found that minimum mass region is found to be at the high
temperature region and vice-versa, supporting the cosmological principle. Therefore the
distribution is homogeneous and isotropic. The solid curve of Figure 74(e,g) represents
the Gaussian fit of dust color temperature and dust mass where Gaussian fit agreed the
Gaussian distribution. The height of the Gaussian fit of dust mass suggests the on-going
mass loading process in the cavity. It is possible only if there is strong external effect.
The cavity is 1300 pc far from us (Konyves et al., 2007). Total mass of the cavity is
found to be 7.5 x 10?° kg, larger than the Gaussian value. The Gaussian center of dust
color temperature is found as 18.6 K and Gaussian area of dust mass is found to be
2.85 x 10%8 kg.

Best fit of the scattering plot between visual extinction and dust color temperature shown
in Figure 74 shows a systematic trend with best correlation coefficient i.e., —0.98. From
the best fit, we found

Ty=-15%x10°Ay +21.2 (4.48)

Taking log and solving, we found a very important relation between them. The relation

is

Tyx Ay = 1.6 x 1074 (4.49)

163



which is very close to the calculated value and showed similar trend as before. This
conclusion is strongly supported and verified by contour map of dust color temperature

and visual extinction shown in Figure 74(d) and Figure 74(i) respectively.

Distribution of Planck function with extension and compression passing through min-
imum flux density are shown in Figure 75(a,b). Similarly the variation of dust color
temperature with D? along extension and compression of the cavity respectively are
shown in Figure 75(c,d). There looks like a random distribution. In case of extension,
slope and correlation coefficient (R) are small and negative where as they are small
and positive in case of compression. Such distribution suggests that dust particles are
not in local thermodynamic equilibrium and are not following the Maxwellian velocity

distribution.
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dust mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Best fit between visual extinction and dust color
temperature at 100 ym and (j) 60 um IRAS image, for comparison. The values given in the bracket is the
standard error.
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Figure 75: Variation of Planck function B(v, T) in the cavity CASKK?7 with the distance along both
diameters (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point
or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient is shown. The error bars represent the standard error (+se) of
the deviation.

4.5.8 FIR Cavity CASKKS Nearby the AGB1105-5451 Located Within G287+04

The cavity CASKKS is found to be located nearby the AGB star at R.A.(J2000) = 11"
05" 01°, Dec.(J2000) = =54° 51° 00" (I = 287.9° and b = 4.9°) centered at R.A.(J2000)
= 11" 04™ 17.6°, Dec.(J2000) = —54° 29’ 05.5". Figure 76(a,b) are the JPG image and
contour map of the cavity at 100 um IRAS survey. The cavity is at 1.5° x 1.5° pixel size.
The maximum to minimum flux density ratio of the cavity CASKK11 at 100 pgm is found
to be 1.2. The minimum value of flux density at the minima is found to be 17.2 MJy sr~!
(= 1.72 x 1071° kg s72). Here size of the cavity is found about 1.0° x 0.5° and the size
of KK-loop G287+04 given in the catalog Konyves et al. (2007) is 2.2° X 1.7° where
distance between AGB1105-5451 and G287+04 is 0.7° hence the AGB star is located
within the KK-loop. Since the cavity is located at 4.9° galactic latitude with position
angle 336.4° so it is in the galactic plane inclined by ~ 24.0°.

There are 782 pixels in the field of view within the contour level 1-51 in the FITS image
in ALADIN2.5 software. Scatter plot between F(60) and F(100) is shown in Figure
76(c) where a best line is fitted to calculate average value of dust color temperature.
There is high scattering and extension in the higher and the middle flux region. Since
correlation coeflicient is not small so that there is normal correlation is seen between the

data. The average value of dust color temperature calculated from slope of the linear fit
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is found to be 23.5 K. The calculated minimum and maximum dust color temperature in
the vicinity of the cavity are found to be (21.4+0.51) K and (22.6 +0.23) K respectively.

From the contour map of dust color temperature and dust mass Figure 76(d,f) showed
that the minimum mass region is found to be at the high temperature region and vice-
versa, supporting the cosmological principle. Therefore the distribution is homogeneous
and isotropic. The solid curve of Figure 76(e,g) represents the Gaussian fit of dust color
temperature and dust mass where Gaussian fit agreed the Gaussian distribution. The
height of the Gaussian fit of dust mass suggests the on-going mass loading process in
the cavity. It is possible only if there is strong external effect. The cavity is 2600 pc far
from us (Konyves et al., 2007). 3.6 x 10°° kg is the calculated total mass of the cavity
which is larger than the Gaussian value. The Gaussian center of dust color temperature
is found as 22.0 K and Gaussian area of dust mass is found to be 0.3 x 10* kg.

Figure 76 is the best fit between visual extinction and dust color temperature which
shows a systematic trend with excellent correlation coefficient i.e., —0.92. From the best

fit, we found
Ty =-3.9%10°Ay + 25.0 (4.50)

Taking log and solving it, we got a relation between visual extinction and dust color

temperature. The relation is
Ty x Ay = 0.6 x 107 4.51)

which is very close to the calculated value. Finally , it is concluded that higher the
temperature, lower the visual extinction and vice-versa. This conclusion is strongly
supported and verified by contour map of dust color temperature and visual extinction
shown in Figure 76(d) and Figure 76(i) respectively.

Distribution of Planck function along extension and compression passing through min-
imum flux density are shown in Figure 77(a,b). Similarly the variation of dust color
temperature with D? along extension and compression of the cavity respectively are
shown in Figure 77(c,d). It looks like a random distribution. In both cases, slope and
correlation coefficient (R) are small and negative. It means, there is very poor correlation

between the data and dust particles did not show local thermodynamic equilibrium.
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Figure 76: (a) Image of the cavity CASKKS nearby to the AGB1105-5441 centered at R.A.(J2000) = 11"
04™ 17.62° and Dec.(J2000) = —54° 29’ 05.5". (b) Contour map of flux density at 100 um wavelength.
(c) Flux at 100 um verses 60 um plot. (d), (f) and (i) are the contour map of dust color temperature,
dust mass and visual extinction respectively. Solid curves of (e) and (g) represents the Gaussian fit of the
respective dust color temperature and the dust mass. (h) Best fit between visual extinction and dust color
temperature at 100 um and (j) 60 um IRAS image, for comparison. The values given in the bracket is the
standard error.
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Figure 77: Variation of Planck function B(v, T) in the cavity CASKKS8 with the distance along both
diameters (a) and (b) along major diameter, (c) and (d) along minor diameter. The south-west point
or north-west point of the diameter is assumed as a reference point i.e.,the left-end point represents the
reference point. The correlation coefficient is shown. The error bars represent the standard error (+se) of
the deviation.

4.5.9 Conclusion

In this section, a systematic search was done under IRAS survey in far infrared (60 um
and 100 um) region of eight far infrared cavities around C-rich AGB stars. We studied
physical properties such as dust color temperature, Planck function, dust mass and visual

extinction of the core region of the cavities. Following are the conclusions:

* The size of the respective cavities are found to be 0.7° x 0.2°, 0.6° x 0.2°, 0.7° X
0.4°,0.6° x0.4°,0.6° x 0.3°,0.7° x 0.3°,0.8° x 0.3°, and 1.0° x 0.5° respectively.
Here cavity CASKK?2 is the smallest and CASKKS is the biggest among the eight

cavities.

* The dust color temperature of the cavities CASKK1 to CASKKS from the slope
of best fit are found to be 22.2 K, 23.2 K, 23.3 K, 23.3 K, 21.6 K, 23.1 K, 23.3 K
and 23.5 K respectively. Cavity CASKKS has the highest average dust color
temperature and the cavity CASKKS has the lowest value.

* Calculated minimum and maximum dust color temperature of the cavities are
found tobe (19.7+0.62) Kand (21.1+0.28) K, (19.4+0.93) K and (20.6+0.65) K,
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(22.3 £ 0.25) K and (23.1 £ 0.05) K, (18.6 + 1.16) K and (19.8 + 0.86) K,
(19.2 £ 0.47) K and (19.7 = 0.27) K, (18.3 + 1.20) K and (19.8 + 0.83) K,
(17.7+1.40) Kand (19.5+0.95) K, (21.4+0.51) K and (22.6+0.23) K respectively.
Here offset value of dust color temperature of all the cavities is less than 2 K,
suggests that the dusts in the cavities are almost in thermal equilibrium. Cavity
CASKK?7 is the coldest and cavity CASKK3 is the hottest.

Cavity CASKK4 has very poor Gaussian fit of both dust color temperature and dust
mass. Cavity CASKKG6 showed excellent Gaussian fit of dust color temperature
but poor of dust mass. Likewise, cavities CASKK2, CASKKS and CASKKS
showed poor Gaussian fit of both quantities and cavity CASKK1, CASKK3 and
CASKK?7 showed good Gaussian fit.

Total dust mass of the respective cavities are found as 1.86x 10?8 kg, 3.58x10%° kg,
3.9 x 1028 kg, 1.1 x 10°! kg, 8.1 x 10?8 kg, 7.55 x 10?8 kg, 7.48 x 10 kg, and
3.56 x 10°° kg. If we consider average dust mass of the eight cavities, the cavity
CASKK4 is the heaviest (2.97 x 10 kg) and the cavity CASKKI1 is the lightest
(4.93 x 10% kg).

From the contour map of dust color temperature and dust mass, it is found that
most of the cavities more or less follow cosmological principle so that the particles

are homogeneous and isotropy.

From Gaussian fit of dust color temperature, it is found that cavities CASKK3,
CASKK?7 and CASKKS8 mostly show symmetric behavior. But cavity CASKK1
shows positive skewed nature where as cavities CASKK2, CASKK4, CASKK5
and CASKKG6 show negative skewed nature.

Similarly, from Gaussian fit of dust mass, it is found that cavities CASKK1 and
CASKK3 show negative skewed behavior but remaining six cavities show positive

skewed nature.

Distribution of Planck function along extension and compression for all the eight
cavities show that they are oscillating in order to get dynamical equilibrium so
that they are not in thermal equilibrium and same situation is obtained in case of

distribution of dust color temperature along D?.

Visual extinction of the respective cavities are found to be 1.2 x 107> mag, 1.5 x
10~ mag, 0.8 x 10~ mag, 2.4 x 10~ mag, 1.5 x 10~ mag, 1.5 x 10~ mag,
1.7 x 10~ mag and 0.8 x 10~ mag. From above results, it is found that Ay x Ty
is consistent and ranges from 0.77 x 10 to 2.40 x 107, It means, higher the
visual extinction, lower the dust color temperature and vice versa. Here, all
cavities except CASKK?2 and CASKK4 showed this relation. The anti correlation
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of two cavities is possibly due to oscillation of dust particles in different direction.
This conclusion is strongly supported and verified by contour map of dust color

temperature and visual extinction also.

4.6 General Discussion

In this section, we discuss the results obtained from calculations, graphs and maps about
physical properties of all eight cavities. Table 13 shows the location of the cavities in the
equatorial coordinate system (R.A and Dec.), size of the cavities, values of maximum
and minimum dust color temperatures (in K), average values of visual extinction (in
mag) and total dust mass (in kg) of the cavities. From the Table 13, the biggest cavity
is CASKKS and the smallest cavity is CASKK4. Maximum dust color temperature
of the cavity CASKK?7 has its lowest value among the eight and maximum dust color

temperature of cavity CASKK3 has the highest its value among them.

Scattering plots of all the cavities between F(60) and F(100) show systematic behavior
having positive slope, intercept and correlation coefficient where correlation coefficient
ranges from 0.6 to 0.9 which justifies there is good correlation between them. Similar
systematic behavior is strongly seen in the scattering plot between visual extinction
and dust color temperature. But in this case, slope and correlation coefficient both are
negative. Here correlation coefficient ranges from —0.84 to —0.98 which signifies that
there is the best correlation between them. Cavity CASKK4 has the highest dust mass
and cavity CASKK1 has the lowest dust mass. But mass of the two cavities obtained
from the calculation are excess means are more than a solar mass which is unexpected
result. All these masses have been re calculated but found same results. The reason
behind the excessive mass is because of distance that we have taken from the literature
(Konyves et al., 2007). This distance calculation has been made considering associated
object found in the cavity. This object might be in the background. For the verification,
parallax angle of other nearby objects should be known. It is not available now. In
this situation, we adopted Odenwald & Rickard (1987), assumed 200 pc distance and re
calculated mass of the two cavities. Their mass found in the order of 10?® kg which is
now much lower and consistent with the mass of cavities. From the best fit of scattered
plot between Planck function and distance (major and minor diameters), systematic trend

could not be found.

From the best fit between visual extinction and dust color temperature of all eight cavities,
we found Ay X Ty = consistent. Here, all cavities except CASKK?2 and CASKK4 showed
this result. The anti correlation showed by the two cavities is possibly due to oscillation

of dust-grain in different directions. It is also verified by contour map of dust color

171



H—a— AGB0141+7104 (CASKK1)
— & AGB0409+6105 (CASKK2)
—&-- AGB0538+1216 (CASKK3)
-—v--- AGB0555+2827 (CASKK4)
(-4 AGB0633+1415 (CCRAS4) -

[T T T T | R R AR RN
—m— AGB0617-0634 (CASKK5)

|| @ AGB0619-0558 (CASKKS)

( )

( )

A AGB0712-1720 (CASKK7

—w- AGB1105-5451 (CASKK8

. || 4~ AGB0642+0053 (CCRASS5)

o ,’
> =
v> g \\\\ /’ ”’r,
L w’
14 . 1k % 1
‘L
M S A ST Ar S W AN R RS FETTTTTT] FTTTTT i I X X N ..|........|........|........|...-
20 40 60 80 100 20 40 60 80 100
AMum) A(um)

Figure 78: (a) Far infrared spectral distributions of the cavities located at nearby AGB star AGB0141+7104
(CASKKI1), AGB0409+6105 (CASKK?2), AGB0538+1216 (CASKK3), AGB0555+2827 (CASKK4) and
(b) AGB0617-0634 (CASKKS), AGB0619-0558 (CASKK6), AGB0712-1720 (CASKK7) and AGB1105-
5451 (CASKKS). The top most graph in figure (a) is of the cavity CCRAS4 and the top most graph in
figure (b) is of the cavity CCRASS for comparative study respectively.

temperature and visual extinction of all eight cavities. Figure 78 is for the study of far
infrared spectral distributions of the eight far infrared cavities. In Figure 78(a), FIR
spectral distributions of four cavities CASKK1, CASKK?2, CASKK3 and CASKK4 are
compared to each other and with the cavity CCRAS4 explained in first chapter of result
and discussion and in Figure 78(b), other four cavities CASKKS, CASKK6,CASKK6
and CASKKS are compared to each other and with the cavity CCRASS5 explained in first
chapter of our result and discussion. In all four cavities in Figure 78(a), there is increase
in flux density with increase in wave length from 12 ym to 25 um and from 60 um to
100 pum but there is decrease in flux density with increase in wave length from 25 ym to
60 yum. Variation of flux density from 12 ym to 25 ym and 60 um to 100 um of all four
cavities are more or less similar but their variation from 25 ym to 60 um is quite different
with varying slope. When we compare these variation with the cavity CCRAS4, no more
differences except slopes are found. Such variation of flux density with wave length is
found one of the fundamental character of far infrared cavities. Similarly, if we analyze
the Figure 78(b), all four cavities CASKKS, CASKK6, CASKK7 and CASKKS8 show
similar nature with more or less steeper with each other in all four bands. In this case,
flux density at 60 um are found distinct but in other three bands, they are overlapped to
each other. Variation of flux density with wave length from 12 um to 25 ym and 60 um
to 100 um is with positive slope but from 25 um to 60 um is with negative slope. When
we compare these cavities with the cavity CCRASS, similar nature with varying slope

is found. From this discussion, it is conformed that there is positive slope from 12 um
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to 25 ym and 60 pm to 100 um but there is negative slope from 25 um to 60 um in

case of far infrared cavities.

Table 13: Calculated values of eight far infrared cavities where first column represents name of the
cavities, next two columns represent positions of the cavities in equatorial coordinate system, fourth
column for size of the cavities, fifth and sixth columns for maximum and minimum dust color temperature

and last two columns represent the average visual extinction and total dust mass of the cavities.

Cavities R.A. Dec. Size Tmax Tin Ay My
hhmmss | dd mm ss (degxdeg) | (K) (K) (mag) (x10%°kg)

CASKKI | 014936.6 | 711751.7 | 0.7x0.2 21.1+0.28 | 19.7+0.62 | 1.2x10™ | 0.2
CASKK2 | 9407 16.6 | 61 1653.9 | 0.6x0.2 20.6+0.65 | 19.4+0.93 | 1.5x10™ | 3.6
CASKK3 | 053508.3 | 1202103 | 0.7x0.4 23.1+0.05 | 22.3+0.25 | 0.8x10™> | 0.4
CASKK4 | 045450.1 | 2907 12.6 | 0.6x0.4 19.8+0.86 | 18.6+1.16 | 2.4x107> | 113.4
CASKKS5 | 0617172 | 638123 | 0.6x0.3 19.7+0.27 | 19.2+0.47 | 1.5x10™ | 0.8
CASKK6 | 0621402 | —=55444.7 | 0.7x0.3 19.8+0.83 | 18.3+1.20 | 1.5x10™> | 0.8
CASKK7 | 070650.8 | =17 36 06.5 | 0.8x0.3 19.5£0.95 | 17.7+1.40 | 1.7x107 | 7.5
CASKKS | 1104422 | —=541237.2 | 1.0x0.5 22.6+0.23 | 21.4+0.51 | 0.8x107° | 35.6
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4.7 Comparison with Published Previous Works

Here, we discuss our results with the previously published similar works.

Wood et al. (1994) investigated nearly 100 nearby molecular clouds using the extensive
all sky database of IRAS. The clouds covered a wide range of physical properties
including visual extinction, size, mass, temperature, degree of ionization, morphology
and homogeneity. They used 60 um and 100 um IRAS images to calculate the mentioned
physical properties and their calculated dust temperature in the center of the cloud cores
was in the range (20 to 25) K which is consistent with their conclusion that the dust on
the exteriors of the clouds is heated by the interstellar radiation field. In our calculation,
the dust color temperature of all the cavities are found in the range (17 to 26) K which

is nearly similar with the result of Wood et al. (1994).

Jhaetal. (2017) presented dust color temperature, dust mass and inclination angle of four
far infrared loops namely G007+18, G143+07, G214-01 and G323-02 which are located
within 1° from nearby pulsars PSR J1720-1633, PSR J0406+6138, PSR J0652-0142 and
PSR J1535-5848, respectively. They found the dust color temperature of the core region
which lie in the range (19.4 + 1.2) K to (25.3 + 1.7) K, whereas the range increased to
(33 +2) Kto (47 + 3) K for the outer region. They measured average dust mass of each
pixel of the four loops which lie in the range 2.96 x 10%° kg to 1822.2 x 10?° kg. The
dust color temperature and dust mass distribution maps show that the low temperature
region has greater density as expected. We have used similar method for calculation of
dust color temperature and dust mass. Dust color temperature of our cavities lie in the

range (17 to 26) K, where as average dust mass range is 4.9 x 10%° kg to 5.6 x 10?8 kg.

Jha & Aryal (2018) measured dust color temperature of two far infrared cavities lying
nearly at the galactic plane (—3°) using IRIS and AKARI maps where IRIS is used
at 60 um and 100 ym where as AKARI is used at 90 ym and 140 ym. From IRIS,
the measured dust color temperature of the two cavities are found to lie in the range
(23.4 + 1.3) K to (24.1 = 1.4) K with an offset of only 0.7 K and (22.2 + 1.2) K to
(24.6 = 1.3) K, with an offset of about 2.4 K respectively. Similarly from AKARI,
the measured dust color temperature of the cavities lie in the range (26.0 + 1.5)K to
(28.1 £ 1.6) K, with an offset of 2.1 K and (25.4 + 1.4) K to (29.7 + 1.7) K,with a
larger offset of 4.3 K respectively. The difference between the value of average dust
color temperatures at IRIS and AKARI is found to be (3.2 + 0.9) K and (4.1 + 1.2) K
in the respective cavities. At longer wavelengths (AKARI) dust color temperature is

found larger than in the shorter wavelength (IRIS) region. We used similar method for
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calculation of dust color temperature but used 60 ym and 100 gm IRAS map and found
the results matching nearly to IRIS survey but little bit far from the AKARI survey which

is usual behavior.

Aryal & Weinberger (2006) have determined the dust colour temperature of the skeleton
nebula using (Henning et al., 1990). The average dust colour temperature in the nebular
region was found to be (27 +4) K which is quite near to our calculated values. They also
measured the dust color temperature throughout the nebular region by using the 60 ym
and 100 um IRAS map and compared the resulting I(100 ym )/I(60 pum) values at each
map location with the values given for dust grain models by Dwek (1986). They further
estimated the total mass of the skeleton nebula using the relation given by Hildebrand
(1983). Based on fluxes of 3.2 x 10* MJy/sr at 100 um , and assuming a gas-to-dust
mass ratio (g:d) of 150, D = 0.2 kpc, and Ty = (27 +4) K, the total mass is (3.5+2.3) Mg
which is also more or less close to our calculated dust mass of the cavities. Far infrared
spectral distribution of skeleton nebula and MBM 20 nebula are comparable with our

results which help to make an idea about the far infrared cavities.

Weinberger & Aryal (2004) studied dust structures around two planetary nebula (PNe)
NGC 6826 and NGC 2899 under 60 um and 100 gm IRAS maps. They found different
structures. These structures apparently started to form the Asymptotic Giant Branch
(AGB) phase, which are not spherically symmetric, and can shape the halos of PNe
because of interaction. Later they (Aryal& Weinberger,2009) extended their study and
noticed that NGC 6826 is a giant(~2°) bipolar dust emission, whose axis is along the
proper motion of the central star. They found that the NGC 2899 is located at the center
of a 14 x 11 pc quadrupolar cavity, whose directions of axes coincide with the directions
of the main axes of the optical PN. In both cases,the formation of these structures appears
to have commenced in the asymptotic giant branch (AGB) phase. Therefore, the effect
of wind emitted from AGB star has an important role in the process of shaping structure.
In our case, we noticed several such cavity like structures located nearby the AGB stars,

having similar size, positions and dust properties.

Aryal et al. (2010) found a dust structure around the planetary nebula NGC 1514 at
60 um and 100 ym IRAS maps. They found the 60 ym and 100 um flux densities of this
region and calculated dust colour temperature which is around (29 + 3) K. We have used
same method for calculation of dust color temperature and found around (17 to 26) K in
our far infrared cavities. Therefore the dust color temperature of nebula is at the upper

limit than that of the far infrared cavities.

Ueta et al. (2006) presented the first results of the MIRIAD (MIPS Infra Red Imaging of
AGB Dust shells) project using the Spitzer Space Telescope. They successfully detected
a faint (< SMJy/sr), extended (400") far-infrared nebula around the asymptotic giant
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branch (AGB) star R Hya. They suggested that the detected far-IR nebula is due to a
bow shock at the interface of the interstellar medium and the AGB wind of this moving
star. In our case, we found several possible AGB wind region in the 100 yum contour
maps of the cavities where the dust color temperature and dust mass distribution show

Gaussian nature.

Aryal et al. (2010) presented about a giant dusty bipolar structure around the planetary
nebula NGC 1514 using IRAS maps at 12 um, 25 ym, 60 ym and 100 um wavelength
band. According to them, the transition from spherically symmetric asymptotic giant
branch mass loss to aspherical planetary nebulae is an intriguing problem of stellar
astrophysics. They detected a huge (2.6 pc) dust emission region around the evolved
planetary nebula NGC 1514 at 12 um. Additionally, they found two giant (2.1 pc and
0.9 pc) bipolar dust emission structures centred on NGC 1514 at 100 ym and 60 um
IRAS maps, so that they suspected that each of these regions is physically connected to
the planetary nebula. Such concept of dust emission structure provided us to work on the
far infrared cavities around the AGB stars under IRAS maps.They measured dust color
temperature as (29 + 3) K using 60 ym and 100 um IRAS maps and (30 + 3) K using
12 pum and 25 ym maps. We used similar method and found dust color temperature in
the range (17 to 26) K. Total mass of all structures is (2.2 + 1.4) Mg but in our case, it
lies in the range (0.01 to 1.81) Mg.
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CHAPTER 5

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The physical properties of eighteen far infrared cavities at far infrared (60 pym and
100 um) IRAS maps are studied. These cavities are found to be located around AGB
stars near the Galactic plane. These cavities are further studied at mid infrared (12 ym
and 25 pum) maps. We studied dust color temperature, dust mass, Planck function,
visual extinction, variation of Planck function along major and minor diameter passing
through minimum flux density region and variation of visual extinction with dust color
temperature of the core region of the cavities. For the calculation of dust mass, distance
is needed. For this, we used the database given by Szczerba et al. (2007), Kiss et al.
(2004) and Konyves et al. (2007). We conclude our results as follows:

1. We studied a catalog of AGB stars (IRAS point source catalog) provided by Suh
& Kwon (2009) and tried to find out lying within the far infrared loops (Kiss et al.
2004 and Koenyves et al. 2007). Distance between the selected AGB stars and
the KK-loops are found in the range (0.72 to 3.02) arc deg. As expected, a large
number of AGB stars have been found which are located within the far infrared
loops in the interstellar medium. The selected AGB stars lie within the KK-loops
in the range (2.2 to 8.4) arc deg along major diameter. After the selection of AGB
stars from different catalogs as mentioned in the chapter methods and materials
(chapter 3), strong far infrared cavities around the AGB stars are selected and
studied.

2. Size of the core region of the cavities CCRAS1, CCRAS2, CCRAS3, CCRAS4,
CCRASS, CCRAS6, CCRAS7, CCRASS, CCRPAS1 and CCRPAS?2 are found
to be 0.5°x 0.2°, 0.6°x 0.2°, 0.7°x 0.2°, 0.3°x 0.2°, 0.3°x 0.14°, 0.4°x 0.2°,
0.3°x 0.2°, 0.6°x 0.2°, 1.0°x 0.3° and 0.9°% 0.4° respectively. Similarly size
of the remaining cavities CASKK1, CASKK?2, CASKK3, CASKK4, CASKKS,
CASKK6, CASKK7 and CASKKS are 0.7°x 0.2°, 0.6°x 0.2°, 0.7°x 0.4°, 0.6°%
0.4°,0.6°x 0.3°,0.7°x 0.3°, 0.8°% 0.3°, 1.0°% 0.5° respectively.
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. Minimum and maximum dust color temperature of all eighteen far infrared cavities
using 60 ym and 100 ym IRAS maps are measured. Cavity CASKK?7 has the
lowest dust color temperature i.e., (17.7 + 1.40) K and the cavity CCRASS has
the highest dust color temperature i.e., (25.0 + 0.45) K. From the calculated
dust color temperature, it is found that higher the flux density, higher the dust
color temperature and vice versa. But in lower wave length region, dust color
temperature are found higher which is obtained by measuring it in 12 ym, 25 um
and 60 yum IRAS maps.

. In all eighteen cavities, we have plotted Gaussian fit for dust color temperature.
Cavities CASKK4, CCRAPS2 and CCRAS6 showed a very poor Gaussian fit but
cavities CASKK6, CCRAS7 and CCRASS showed a very good agreement with

Gaussian fit.

. We measured and analyzed dust mass of ten far infrared cavities. Cavity CASKK1
has the lowest average mass of each pixel and total mass of the cavity among the ten.
Average dust mass of the cavity is 4.93 x 10% kg and total mass is 1.86 x 10?8 kg.
Similarly cavity CCRPAS1 has the highest average dust mass and total dust mass
among the ten. Average dust mass of the cavity is 5.60 x 10?® kg and total dust
mass is 2.47 x 10°! kg.

. From the contour map of dust color temperature and dust mass of the ten cavi-
ties, it is found that most of the cavities except CASKK1 and CCRPAS2 follow
cosmological principle so that distribution of the particles are homogeneous and
isotropy at large scale. Two cavities which are not following the cosmological

principle possibly due to many unknown nearby sources.

. Distribution of Planck function along extension and compression are nearly ran-
dom means the particles along extension and compression passing through minima
are not in thermal equilibrium and are not obeying Maxwellian velocity distribu-

tion which is possibly due to external factors.

. We measured visual extinction of all the eighteen cavities and they are fitted linearly
in the scattered plot with their dust color temperature. Mostly all the cavities show
excellent correlation between the data with highest correlation coefficient —0.98.

From this result, we found a new relation i.e. Ay X T4 = constant.

. We worked in four bands (12 um, 25 um, 60 um and 100 pum) under IRAS
maps specially on two cavities CCRAS7 and CCRAS8. We measured dust color
temperature at the boundary of 12 ym and 25 ym, 25 ym and 60 ym and 60 ym
and 100 um wavelength region where dust color temperature is found higher in

low wave length region. From the Gaussian fit of all three temperature, it is
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found that low temperature region perfectly follows Gaussian distribution but as

the temperature increases, it violets the Gaussian distribution.

10. We measured flux density of all eighteen far infrared cavities in four IRAS bands
and their spectral distributions are studied. Most of the cavities except CCRAS7
and CCRASS8 showed similar nature i.e., there is positive slope in the transition
from 12 ym to 25 pym and 60 pm to 100 um but there is negative slope from 25 ym
to 60 um which is one of the most important property of the far infrared cavities
found in this work.

5.2 Recommendation

We strongly recommend following works to be carried out in the future.

1. It is found that the product of dust color temperature and visual extinction of
all eighteen cavities give a consistent value in certain range. This study can be
extended for KK-loops (Jhaetal., 2017) using AKARI survey (90 um and 140 pum)

also.

2. The superposition and suitable interaction of these loops with the AGB stars or
other sources can be studied and additionally the amount of expelled mass from
the central region can be calculated in order to estimate the energy required for

the structure formation.

3. Our work can be extended for near infrared wavelength using SPITZER data and
12 ym and 25 um IRAS data. These surveys can be used to study the upper limit

for the dust color temperature, to estimate the size of the dust and grain.

4. This work can be further extended to study interaction between far infrared cavities
and the AGB stars or planetary nebula or white dwarf under IRAS survey in all

four bands.

5.3 Limitations of the Study

Following facts are the limitations of this study:

1. The precession of our calculations depend on the resolution of IRAS telescope.

The error bars is the statistical one. This do not include instrumental error.

2. Since the spectroscopy of data is not known, the nature of dust species is uniden-
tified. This is possible only when we will have telescopes with better resolution

(up to arc seconds) with far infrared spectroscopy.
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CHAPTER 6

6. SUMMARY

In this thesis, we searched far infrared cavities nearby the AGB stars and have studied
their physical properties (dust color temperature, dust mass, visual extinction, size of
the cavities, variation of Planck function along extension and compression, variation
of flux density with wave length in four different bands specially at 12 ym, 25 um,
60 yum and 100 um, distribution of dust color temperature and visual extinction, etc.)
of the far infrared (FIR) cavities around the AGB stars in the ISM. The FIR cavities are
located close to the galactic plane. Our aim is to understand the formation and evolution
process of such cavities. In this work, we selected 18 FIR cavities around the AGB stars.
For the selection of the cavities, three catalogs were extensively used. One catalog is
AGB based IRAS point source catalog provided by Suh & Kwon (2009), second catalog
is about post-AGB stars named “the Torun catalog of Galactic post-AGB and related
objects" provided by Szczerba et al. (2007) and third one is Far Infrared Loop based,
provided by Kiss et al. (2004) and Konyves et al. (2007) in the IRAS maps also called
Galactic Infrared Loop (GIRL) catalog. We have used Infrared Astronomical Satellite
(IRAS) survey for the database. We have searched cavity like structures systematically
in far infrared (60 um and 100 um) IRAS maps. For the selection of FIR cavities,
following selection criteria were imposed: (a) There should be strong cavity in closed
region with minimum flux density. The structure should be isolated and its size is more
than 0.5 degree in diameter. (b) There should be a minima and the features can be seen
in all four bands of IRAS survey. (c) The structure should be prominent in 60 um and
100 um that enables us to study the fluxes emitted from the dust and grain. (d) The most

important thing is that the selected structure should not yet studied or less studied.

From the catalog about AGB based IRAS point source provided by Suh & Kwon (2009),
eight FIR cavities around the AGB stars without derived distance were selected. From
the catalog about post-AGB stars provided by Szczerba et al. (2007), two FIR cavities
around the post-AGB stars with derived distance were selected. Besides these, other
eight FIR cavities around the AGB stars provided by Suh & Kwon (2009) lying with in
the far infrared loops (Kiss et al., 2004) and (Konyves et al., 2007) in the IRAS maps
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with known distances were selected. We have used the method developed by Dupac et
al. (2003) and Schnee et al. (2005), to calculate dust color temperature and the method
developed by Hildebrand (1983) to calculate dust mass in the region of interest. For the
calculation of optical depth and visual extinction of all the cavities, we used the method
developed by Wood et al. (1994). We have calculated size, dust color temperature,
Planck function, dust mass, optical depth and visual extinction. Calculated results of
all the eighteen FIR cavities have been plotted and discussed. The slope of the best fit
of scattered plot between flux at 60 um (F60) versus flux at 100 ym (F100) is used to
calculate the average temperature in the core region of each cavity. From the best fit
between visual extinction and dust color temperature, a relation between them is found.

In the paragraphs below we present summary of our results:

In the first section of result and discussion, we have studied all sky distribution of the
selected eight far infrared cavities around the AGB stars discovered by Suh & Kwon
(2009) in all four bands of IRAS maps using sky view virtual observatory. We have
studied 60 ym and 100 pm far infrared images of core region of the cavities which
are found to be located within 0.6° from AGB stars AGB0415+5441, AGB0609+1446,
AGB0631+1606, AGB0633+1415, AGB0642+0053, AGB0651+0031, AGB0939-5249
and AGB1025-5933 respectively. The average value of dust color temperature are
calculated by using the slope of the scattered plot between F(60) and F(100) which
are used to calculate error in the dust color temperature. The dust color temperature,
dust mass and visual extinction maps have been studied. The distribution of dust
color temperature, dust mass, visual extinction of all eight cavities have been studied
by Gaussian fit. The variation of flux density in four bands with wave lengths and
distribution of dust color temperature and Planck function along diameters (major and
minor passing through minima) were studied and compared. From this chapter we made

out the following conclusions:

CCRASS3 is the biggest cavity and CCRASS is the smallest among the eight cavities.
CCRASI1 has showed the lowest dust color temperature and the cavity CCRASS has
the highest dust color temperature. Scattering plots of all the cavities between F(60)
and F(100) show systematic behavior having positive slope, intercept and correlation
coefficient where correlation coefficient ranges from 0.72 to 0.89 which justifies there
is good correlation between them. Similar systematic behavior is strongly seen in the
scattering plot between visual extinction and dust color temperature. But in this case,
slope and correlation coeflicient both are negative. Here correlation coefficient ranges
from —0.64 to —0.92 which signifies a good agreement. From the best fit, it is found that
the product of visual extinction and dust color temperature is consistent and is very very
less than one. It means higher the visual extinction, lower the dust color temperature

and vice-versa which is also approved by contour map of visual extinction and dust color
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temperature. This result is disagreed by certain cavities due to oscillation of dust-grain
in different directions. Similarly the scattering plot between distance (along major and
minor diameters) with Planck function, did not show systematic trend. The offset value
of dust color temperature of all the eight cavities is less than 2 K which suggests that
the core of all the cavities are stable but there is random variation along both diameters
suggesting external factors possibly due to near by AGB wind. From the Gaussian fit of
dust color temperature at 100 um wave length, cavity CCRASS showed completely non-
Gaussian nature, cavities CCRAS4, CCRAS7 and CCRASS showed perfect Gaussian
nature but as the wave length is decreased, increased dust color temperature violates the
Gaussian fit. FIR spectral distributions of all the cavities except CCRAS7 and CCRASS
showed different behavior possibly due to nearby bulge of the Galaxy.

Two new far infrared cavities around post-AGB stars based in the catalog provided by
Szczerba et al. (2007) were searched in 60 and 100 um IRAS maps and found they are
centered at R.A.(J2000) = 06" 51" 54.0°, Dec.(J2000) = —01° 35° 43" and R.A.(J2000)
= 08" 04" 7.2°, Dec.(J2000) = —37° 11’ 48" respectively. In IRAS maps, their dust
color temperatures, dust mass and visual extinction were calculated and studied by using
different statistical methods. The distribution of dust color temperature and Planck
function along extension and compression of both the cavities were also studied. The

result of this chapter can be summarized as follows:

It is found that cavity CCRPASI1 is at lower temperature and CCRPAS?2 is at higher
temperature with an offset value of about 1.8 K and 0.9 K respectively. Such low offset
value of temperature suggests that the dusts in the cavities are almost isolated, stable
and in thermal equilibrium. Both the cavities show excellent Gaussian fit of dust color
temperature with sharp peak and positive skewness but distribution of dust mass show
moderate Gaussian fit with sharp peak and negative skewness. From the contour map of
three plots of both the cavities, it is found that less temperature region is massive as well
as high visual extinction and vice-versa. A very interesting result is that contour map of
dust mass and visual extinction are exactly same which also verifies that dust particles
of both the cavities strongly support cosmological principle. Average dust mass of each
pixel of the cavities CCRPAS1 and CCRPAS?2 are respectively calculated as 5.6x 10?8 kg
and 8.7 x 10%” kg. From the plot between visual extinction and dust color temperature,
it is concluded that (Ty X Ay) is constant and is equal to 1.3 x 107*. It means higher the
temperature, lower the visual extinction and vive-versa. Itis also verified by contour map
of dust color temperature and visual extinction. FIR distributions of both the cavities
showed similar nature i.e., negative slope in transition from 25 ym to 60 ym and positive

slope from 12 pum to 25 ym and 60 ym to 100 um.

In the next chapter eight far infrared cavities CASKK1, CASKK?2, CASKK3, CASKK4,
CASKKS5, CASKK6, CASKK7 and CASKKS around the AGB stars AGB0141+7104,
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AGB0409+6105, AGB0538+1216, AGB0555+2827, AGB0617-0634, AGB0619-0558,
AGBO0712-1720 and AGB1105-5451 lying with in the KK-loops named G125+09,
G143+07, G195-11, G182+00, G212-11, G212-11, G229-03 and G287+04 respec-
tively were selected. Flux density at 60 um and 100 um, dust color temperature, Planck
function, dust mass and visual extinction are calculated and analyzed. The distribution
of flux density, dust color temperature, dust mass and visual extinction were studied by
using contour map, Gaussian fit and linear fit of the data. Variation of flux density in
four bands with wave lengths were studied. Distribution of Planck function and dust
color temperature along the extension and compression of the cavities were also studied.

The results of this chapter can be summarized as follows:

From the calculated value, it is concluded that the cavity CASKK2 is the smallest and
CASKKS is the biggest among the eight cavities. Calculated minimum and maximum
dust color temperature showed that cavity CASKK?7 is the coldest and cavity CASKK3
is the hottest. Here offset value of dust color temperature of all the cavities is less than
2 K, suggests that the dusts in the cavities are almost in thermal equilibrium. From the
three different contour maps of dust color temperature, dust mass, and visual extinction,
it is found that most of the cavities more or less follow cosmological principle so that
the particles are homogeneous and isotropy. Cavities CASKK3, CASKK4, CASKK7
and CASKKS has very poor Gaussian fit of both dust color temperature and dust mass.
Cavity CASKK6 showed excellent Gaussian fit of dust color temperature but poor of
dust mass. Likewise cavities CASKK1, CASKK2 and CASKKS5 showed poor Gaussian
fit of both quantities. Poor Gaussian fit suggests that the particles are not following
the natural process means they are effected by external causes possibly due to near by
AGB wind. If we consider average dust mass per pixel of the eight cavities, the material
of the cavity CASKK4 is found to be the heaviest (2.97 x 10?® kg) and the cavity
CASKKI is the lightest (4.93 x 10 kg). The massive dust represents the polyaromatic
hydrocarbons and the lightest dust represents the carbon or silicon compounds. From
the best fit between visual extinction and dust color temperature, it is found that Ay X
T, = consistent and ranges from 0.6 x 107 to 2.0 x 10~#. It means, higher the visual
extinction, lower the dust color temperature and vice versa. This conclusion is strongly
supported and verified by contour map of dust color temperature and visual extinction
also. One important thing is that contour map of dust mass and visual extinction
are exactly same in all the cavities. Distribution of Planck function along extension
and compression is non-uniform means the particles along extension and compression
passing through minima are oscillating in order to get dynamical equilibrium. Hence
they are not in thermal equilibrium and are not obeying Maxwellian velocity distribution
which is possibly due to external factors. FIR distributions of all eight cavities showed
similar nature with the previously mentioned cavities CCRPAS1 and CCRPAS2.
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Appendix A

Database of Cavities

Table 14: The Database of far infrared cavity CCRAS1 nearby AGB star AGB0415+5441. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 pum that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) | Dec.(2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
04 15 46.1 5500 04.3 411 3432 | 2053 357 226
0415553 5458269 4.12 3423 20.55 3.60 224
04 15 46.1 5458 30.7 4.06 3392 | 2053 357 224
0415352 5458345 423 3426 | 2066 373 2.16
04 1545.6 5457 00.7 423 34.23 20.66 374 215
04153438 5457 08.1 425 3400 | 2071 3.80 2.10
0415239 5457 04.7 423 3384 | 2071 3.80 2.09
0415 15.1 5457 12.0 4.15 33.71 20.65 372 213
0415043 5457 15.6 423 33.75 20.73 3.82 2.08
0414538 5457228 4.40 3427 20.83 3.96 2.04
04154351 | 545538.0 438 34.11 20.84 3.97 2.02
0415347 545541.7 435 3364 | 2087 4.00 1.98
041523.1 5455455 420 3327 20.76 3.86 2.03
0415122 5455492 4.03 32.98 20.62 3.68 211
0415 03.0 5455 56.4 4.18 3322 20.74 3.84 2.04
0414 52.1 5455564 434 3391 20.83 3.94 2.02
0415539 545400.5 425 34.08 20.71 379 2.11
0415435 545408.0 432 20.81 3.93 203
0415335 545408.2 4.15 20.71 379 207
0415226 5454 11.9 403 20.67 375 2.04
0415126 5454 15.6 397 . 20.64 371 205
0415034 5454 15.6 4.10 32.68 20.74 3.83 201
0414505 5454264 434 33.93 20.82 3.94 2.03
0416 14.8 5452299 4.16 34.15 20.60 3.66 2.19
0416 03.9 545226.6 421 33.99 20.68 376 213
041555.1 5452305 423 33.85 20.72 3.80 2.09
0415443 5452380 421 33.25 20.77 3.87 2.02
0415318 545231.0 4.03 3276 | 2065 372 2.07
0415209 5452419 3.90 3210 | 2060 3.65 2.07
0415 12.6 545245.6 3.94 31.87 20.67 374 2.00
0415 02.6 5452492 4.14 3240 | 2082 3.93 1.94
0414522 5452528 426 3334 | 2082 3.94 1.99
04 14 40.1 5452527 442 3428 20.86 3.99 2.02
0416 03.9 5451038 4.17 3376 | 20.67 374 2.12
0415539 5451005 4.18 33.61 20.69 378 2.09
041542.6 5451152 408 33.05 20.66 373 208
0415314 5451154 397 3246 | 2062 3.68 207
0415214 545119.1 391 32,05 20.61 3.67 205
0415118 5451084 3.94 3173 20.68 376 1.98
04150175 | 5451156 401 3214 | 2071 3.80 1.99
0414 49.7 5451192 4.12 32.75 20.75 3.84 2.00
04 1439.7 5451227 426 33.85 20.75 03.8 2.07
0416022 5449375 422 33.85 20.71 379 2.10
041551.8 5449414 4.12 3334 | 2066 374 2.10
0415413 5449452 4.04 32.92 20.64 371 2.09
0415326 5449 49.0 393 3250 | 2057 3.62 211
0415222 5449 49.1 391 31.95 20.63 3.60 2.04
0415109 5450 00.0 3.98 31.98 20.70 378 1.99
0415022 5449492 4.03 3214 | 2073 3.82 1.98
0414518 5449492 4.08 3282 | 2070 378 2.04
0414393 5449 49,1 422 3376 | 2072 381 2.09
0414 30.1 5449 56.1 439 34.01 20.87 4.00 2.00
0414209 5450 03.1 450 34.41 20.92 4.08 1.99
0416 00.5 5448 07.6 430 34.23 20.74 3.84 2.10
0415509 5448 00.6 4.13 33.25 20.69 377 207
0415409 5448 04.4 4.04 32.65 20.68 375 2.04
0415309 5448 08.2 3.92 32.18 20.60 3.66 2.07
0415205 544801.1 3.94 31.98 20.65 372 2.02
0415109 5448084 401 3210 | 2072 3.80 1.99
0415 00.1 544801.2 4.13 32.37 20.81 3.92 1.94
0414 50.9 5448 08.4 4.17 33.13 20.75 3.84 2.03
continued on next page




Table 14 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
04 1437.6 5448 04.6 433 3366 | 2084 397 1.99
0414293 5448225 437 3366 | 2089 4.03 1.96
0414 189 544833.1 446 3410 | 2092 4.07 1.97
0416 02.1 5446303 431 3421 20.75 385 2.09
0415509 5446342 4.16 3314 | 2073 3.82 2.04
04 15 40.0 5446237 3.99 32.09 20.69 377 2.00
0415309 5446238 3.92 31.80 | 2065 372 201
0415192 5446275 391 31.82 20.64 371 2.02
0415 10.1 5446 42.0 4.02 32.29 20.70 378 201
0415009 5446312 4.19 3264 | 2083 3.96 1.94
0414493 5446 45.6 428 33.17 20.86 3.99 1.95
0414393 5446454 438 3360 | 2091 4.06 1.95
0414289 54 46 56.1 451 33.49 21.05 425 1.85
0414 18.1 5447139 446 3374 | 2098 414 191
0414 08.9 5447028 448 3425 2093 4.08 1.97
0416004 5444 56.7 427 33.95 20.75 3.84 208
0415504 5444498 4.13 3310 | 2071 379 205
0415392 5445117 404 32.11 20.74 3.84 1.97
041529.6 544501.0 3.94 31.73 20.69 377 1.98
0415209 544501.1 3.94 31.91 20.66 373 201
0415088 544515.6 4.04 3248 20.70 378 2.02
0414 59.7 5445228 4.14 3312 | 2072 3381 2.04
0414489 5445227 427 3328 20.84 3.96 1.98
0414385 5445298 437 3356 | 2090 4.05 1.95
041428.1 5445225 444 3366 | 2096 412 1.92
0414164 5445403 444 3342 20.99 4.17 1.89
0414069 54 45 40.0 447 3394 | 2096 412 1.94
0416 00.8 544323.1 429 33.87 20.78 3.88 205
0415504 5443378 4.09 3291 20.69 377 2.05
04 15 40.0 5443344 4.02 3223 20.71 3.80 2.00
0415288 5443418 397 3214 | 2067 374 2.02
0415209 5443419 393 32.19 20.62 3.68 2.06
0415092 5443420 404 32.69 20.66 374 2.06
0414588 5443420 4.13 3344 | 2067 374 2.10
0414489 5443455 428 33.81 20.77 3.87 205
0414385 5443 49.0 446 33.77 20.97 4.13 1.92
041427.7 544359.7 443 33.75 20.94 4.10 1.94
0414 18.1 54.44.03.1 4.46 3340 | 21.02 420 1.87
04 14.09.0 5444064 441 33.79 20.92 4.07 1.95
0415599 5441568 425 33.55 20.77 3.88 2.04
0415504 544157.0 4.08 32.72 20.71 379 2.03
04 1539.6 544208.1 401 32.38 20.68 375 2.03
0415288 5441574 395 3242 20.60 3.66 2.08
04 1520.0 5442083 3.96 32.48 20.61 3.67 2.08
0415 08.0 5442084 401 33.07 20.58 3.63 2.14
0414 58.0 5442192 4.14 3370 | 2064 371 213
0414 46.8 5442263 432 3402 | 2078 3.89 2.06
041437.7 544219 045 3434 | 2092 4.07 1.99
0414285 5442225 4.49 34.19 20.95 4.10 1.96
0414 19.0 544233.1 455 33.81 21.06 426 1.87
0414082 544240.0 445 3423 20.90 404 1.99
0415582 5440 34.0 420 33.73 20.71 379 2.09
04 1549.1 5440 30.6 4.09 33.03 20.68 375 207
041539.1 5440 30.9 4.02 3282 | 2063 3.69 2.09
0415312 5440 45.4 3.99 3280 | 2060 3.66 211
0415192 54.4052.7 397 32.75 20.58 3.63 2.12
04150632 | 544103.6 3.99 32.99 20.58 3.63 2.14
0414 58.0 544107.2 4.14 33.49 20.67 374 2.10
04 1448.1 544107.1 429 3370 | 2080 391 2.03
0414373 5441 07.0 445 34.11 20.91 405 1.98
04 1425.6 5441068 458 3425 21.02 421 1.91
0414 16.1 5441102 4.60 3435 21.03 422 1.91
0415 58.6 5439184 428 3434 | 2071 379 2.13
0415495 543915.0 426 33.91 20.74 3.83 2.08
0415395 5439117 4.15 3370 | 20.65 372 2.13
0415279 5439226 4.14 3374 | 2064 371 2.14
0415188 5439227 4.09 3345 20.62 3.69 213
0415 08.0 5439 12.0 401 33.04 | 2059 3.64 213
0414 56.8 543919.2 4.04 3312 | 2061 3.67 212
0414485 5439263 4.17 3324 | 2074 3.83 2.04
0414369 5439262 4.40 33.75 20.91 4.05 1.96
0414252 5439332 4.61 3412 | 2108 428 1.87
041517.1 5437527 411 3410 | 2056 3.60 222
0415072 5437528 4.13 33.59 20.64 371 213
0414572 5437492 4.13 3347 20.66 373 211
04 14 46.4 543803.5 4.18 33.49 20.71 3.80 2.07
0414 36.1 5437 56.2 432 33.93 20.80 391 2.04
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Table 14 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
0414253 5438032 4.63 34.13 21.09 431 1.86
0414580 543637.2 430 3421 20.75 3.84 2.09
04 14 46.0 543637.1 433 3426 | 2077 3.87 208
0414 26.1 5436513 462 3426 | 21.06 426 1.89
0414149 543718 04.6 34.41 21.03 422 1.92

Table 15: The Database of far infrared cavity CCRAS2 nearby AGB star AGB0609+1446. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 um that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 gm and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) Ay
hh mm ss dd mm ss Mly) Mly) (K) (><107]6) Js72 (X 1075) mag
0609 43.19 150927.2 6.0892 30.751 23.00 7.60 0.95
06 09 42.94 15084.4 5.9846 30.309 22,99 7.56 0.94
06 09 43.69 1506 34.4 5.9705 30.275 22.98 7.55 0.94
0609 37.23 1506 41.5 59147 30.717 22.85 7.28 0.99
06 09 43.69 15050.8 6.0578 29.608 23.18 7.98 0.87
06 09 36.48 1504 57.1 5.852 30.175 22.89 7.36 0.96
0609 49.41 150338 5.7647 30.434 2276 7.11 1.01
06 09 43.44 150338 5.8834 29.433 23.05 7.70 0.90
06 09 36.98 1503 37.9 5.852 30.025 2292 7.42 0.95
0609 49.91 150215.2 5.5834 30.434 22.59 6.77 1.06
06 09 43.69 1502 15.2 5.8381 29.324 23.03 7.66 0.90
06 09 37.23 1502 15.1 5.9357 30.183 22.96 7.52 0.94
0609 32.01 150279 5.824 30.842 22.74 7.07 1.03
0610 2.58 1500 30.8 5.1195 30.734 22.09 5.86 1.23
06 09 55.87 15 00 30.8 5.3322 30.559 2233 6.28 1.14
06 09 50.65 1500 34.4 5.4927 29.866 22.60 6.80 1.03
06 09 44.69 1500 34.4 5.7578 29.641 22.90 7.38 0.94
0609 37.73 1500 34.4 5.824 29.608 2297 7.52 0.93
0609 31.27 1500 37.9 5.7403 30.592 2271 7.01 1.03
06 10 8.04 1459 36.8 5.3637 30.534 22.36 6.34 113
06102.33 1459 36.8 5.0043 29.975 22.10 5.88 1.20
06 09 55.87 1459 36.8 5.1649 29.349 2237 6.36 1.08
06 09 50.4 145929.6 5.3288 29.233 22.55 6.71 1.02
06 09 43.45 1459 40.4 5.5416 28.757 22.85 7.29 0.93
06 09 37.98 1459 40.4 5.6323 29.108 22.88 7.34 0.93
0609 31.52 1459 40.3 5.6182 30.133 22.67 6.94 1.02
0610232 1458 17.5 5.3176 30.251 22.36 6.35 1.12
0610 16.74 1458 10.3 4.8029 30.515 21.80 5.38 1.33
06109.78 1458 17.6 4.9052 30.268 21.95 5.62 1.27
0610 5.06 1458 17.6 5.0226 29.969 22.12 5.91 1.19
06 09 57.36 1458 10.4 4.827 30.075 21.90 5.54 1.28
0609 52.14 1458 10.4 4.821 304 21.84 5.44 1.31
0609 45.44 1458 10.4 5.0166 30.092 22.09 5.87 1.21
0609 39.97 1458 10.4 4.9474 30.172 22.01 5.72 1.24
0609 33.51 1458 10.3 5.2754 30.805 2223 6.11 1.19
0610 28.16 14 56 33.1 5.4018 30.805 2235 6.33 1.14
06 1022.95 14 56 33.1 5.2363 29.714 2238 6.38 1.10
061017.23 1456 40.3 4.6374 30.057 21.70 5.22 1.35
0610 11.02 1456 40.4 4.7969 29.996 21.88 5.51 1.28
0610 4.81 1456 40.4 4.9083 29.486 22.08 5.85 1.18
06 09 58.35 1456 40.4 4.6795 29.635 21.82 5.41 1.29
0609 52.14 1456 36.8 4.7096 30.022 21.79 5.35 1.32
06 09 46.18 14 56 47.6 4.8962 29.679 22.04 5.71 1.21
0609 39.72 14 56 44 4.9022 29.794 22.02 5.75 1.22
06 09 33.02 1456 47.5 5.2032 30.585 22.19 6.05 1.19
06 1027.91 14553.1 5.3477 30.875 2229 6.21 1.17
06 10 22.45 1455 6.7 4.9985 29.354 2220 6.06 1.14
0610 16.73 1455 6.7 4.6856 29.758 21.80 5.38 1.30
0610 11.27 14556.8 4.9775 29.758 22.11 5.89 1.19
06 10 5.06 145510.4 4.9083 29.574 22.07 5.83 1.19
06 09 58.35 145517.6 4.7216 29.714 21.85 5.46 1.28
06 09 52.64 145517.6 4.6765 29.811 21.79 5.35 1.31
06 09 46.43 145517.6 4.7337 29.354 21.92 5.58 1.24
0609 39.73 145510.4 4.9353 29.468 22.11 591 1.17
0609 33.76 145513.9 5.1279 30.409 22.15 5.97 1.20
06 09 27.06 1455283 5.146 30.884 22.09 5.86 1.24
061028.9 1453 40.3 5.4379 30.69 22.41 6.43 1.12
061023.19 1453 36.7 5.1279 29.319 2234 6.30 1.09
061016.73 145329.5 4.845 29.618 22.00 5.70 1.22
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Table 15 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss ™MIy) | MIy) (K) (x10710) 5572 | (x1075) mag
06101003 | 14533638 49685 | 29328 217 6.01 115
0610431 1453332 46915 | 29389 | 21.87 550 1.26
06095885 | 145344 47126 | 29609 | 21.86 547 127
06095264 | 1453404 46976 | 29.67 21.83 543 1.29
06094569 | 1453476 47548 | 29187 | 21.97 5.67 121
06093973 | 1453548 49022 | 29407 | 22.09 5.86 118
06093352 | 1453511 5.158 30339 | 2219 6.04 118
06092731 | 1453547 52092 | 30.805 22.16 5.99 121
06102294 | 1451595 51761 | 29.741 231 6.26 112
06101598 | 14523.1 46404 | 29.635 2178 534 131
06101027 | 1452104 46404 | 29284 | 21.84 543 127
0610 4.56 145268 46885 | 29152 | 21.91 5.56 123
06095885 | 145232 4502 29152 | 2171 523 131
060951.65 | 1452104 45621 | 29345 21.74 528 131
060946.19 | 145214 47337 | 29.169 | 21.96 5.63 122
06093998 | 145214 4824 | 29512 | 21.99 5.69 122
06093327 | 1452139 5152 | 30515 2.16 5.98 1.20
061022.68 | 1450367 52122 | 29811 2234 6.30 111
06101648 | 1450475 45772 | 29.67 21.70 522 1.34
06101027 | 145044 46163 | 29354 | 21.80 537 1.28
0610431 1450 40.4 47186 | 28712 | 22.02 574 118
0609 58.6 14 50 44 43695 | 28.598 21.66 5.14 131
060952.64 | 145044 45501 | 28.703 21.84 544 124
06094594 | 145047.6 46253 | 29.134 | 2185 545 126
06094023 | 145047.6 4.848 29.644 | 21.99 570 1.22
060934.02 | 1450547 52423 | 30602 | 22.23 6.11 118
06102889 | 14493.1 5.122 30224 | 2217 6.01 118
06102293 | 1448595 48902 | 29.134 | 22.13 593 116
06101672 | 144967 45321 | 29284 | 2172 525 131
06109.77 1449 14 47397 | 29116 | 2197 5.66 121
0610 3.81 1449 14 44809 | 28.176 | 21.85 5.46 121
06095835 | 144914 42281 | 28237 21.56 4.99 1.33
060951.9 1449 10.4 43665 | 2829 21.71 522 127
06094594 | 1449104 46284 | 28562 | 21.95 5.62 1.19
06093973 | 1449104 48902 | 29398 22,08 5.85 118
06093353 | 1449103 52002 | 30.119 | 2228 6.20 1.14
061028.64 | 1447367 50828 | 29.67 2223 6.11 1.14
061023.18 | 1447367 50617 | 28826 | 22.36 634 1.07
06101672 | 1447367 46043 | 2873 21.89 553 122
06101076 | 1447404 46644 | 28457 2201 572 1.17
06103.81 1447332 45441 | 27771 22,00 570 114
06095786 | 144744 43846 | 27.657 21.84 544 1.20
0609 51.9 1447 36.8 41348 | 27.921 21.51 491 134
06094569 | 144744 45531 | 28.193 21.93 559 1.19
06093974 | 144744 48992 | 28.888 2.18 6.02 113
06093378 | 1447511 5.155 29.591 2232 627 L11
06092732 | 1447475 52333 | 30532 | 22.23 6.11 1.17
06102863 | 1446103 50708 | 29.626 | 22.23 6.10 114
06102268 | 1446139 49113 | 2858 2225 6.14 1.09
06101647 | 1446139 46524 | 28677 21.95 5.63 1.20
06101002 | 144668 47307 | 28387 22,09 5.86 1.14
06 10 4.56 1446 14 44719 | 27.745 21.92 558 1.17
0609 58.1 1446 17.6 4.189 27446 | 2165 5.14 1.26
0609 52.4 1446212 43093 | 27622 | 2176 531 1.22
06094594 | 1446212 4514 | 27.718 2197 5.66 115
06094023 | 1446212 46644 | 28492 | 22.00 571 1.17
060934.03 | 144621.1 50437 | 29152 | 22.28 6.20 111
06092683 | 1446247 5.155 30066 | 2223 6.12 1.16
060921.12 | 1446174 5.155 30.84 22.10 5.89 123
06102838 | 1444403 50136 | 29319 | 2222 6.09 113
06102242 | 1444403 49233 | 28009 | 2236 635 1.04
06101672 | 1444475 45742 | 28.668 21.87 5.49 123
06101026 | 1444476 46284 | 28738 21.92 557 121
06104.31 1444476 46163 | 27912 | 22,05 5.80 113
06095835 | 1444512 4.192 27314 | 21.68 5.18 124
060952.15 | 1444512 42883 | 27393 21.78 534 121
06094594 | 1444512 44027 | 27894 | 21.82 5.40 121
06094023 | 1444512 46524 | 28281 22.02 575 1.16
06093329 | 1444475 49443 | 28835 2224 6.12 L11
06092783 | 1444583 50678 | 29.881 22.18 6.02 1.17
06092038 | 1444582 50437 | 30.778 22,00 572 127
06103458 | 1442594 48781 | 30224 | 21.93 559 127
06102887 | 144367 4824 | 29029 | 22.07 5.84 1.17
06102292 | 144367 47999 | 2836 217 6.00 111
06101671 | 1443103 46163 | 28.721 21.91 555 1.22
06101051 | 144368 45892 | 28756 | 21.87 5.49 123
06 103.56 1443 6.8 4502 28.14 21.88 551 1.20
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Table 15 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss ™MIy) | MIy) (K) (x10710) 5572 | (x1075) mag
060957.61 | 144314 42973 | 27.63 21.74 528 123
060952.15 | 1443176 42792 | 27.648 2172 525 124
06094669 | 144314 44027 | 27481 21.89 552 1.17
06093974 | 1443176 452 27.885 21.95 5.62 1.17
06093354 | 1443175 47668 | 28.07 22.19 6.03 1.09
06092758 | 144321.1 49624 | 29284 | 2217 6.01 115
06092063 | 144321 50527 | 30752 | 22.02 574 1.26
06104028 | 1441365 50497 | 30.62 2204 577 125
06103458 | 1441438 4821 29829 | 21.93 5.60 125
06102837 | 1441439 48059 | 28976 | 22.07 5.82 1.17
06102242 | 1441439 48781 | 28378 2.5 6.14 1.09
06101671 | 1441367 46284 | 28527 21.95 5.63 1.19
06 109.76 1441476 47036 | 29064 | 21.94 5.61 122
0610 3.56 144147.6 46314 | 28378 21.98 5.68 1.17
0609 58.1 14 41 44 43665 | 2829 21.71 522 127
06095091 | 1441476 43093 | 27.947 21.70 522 126
0609 45.7 144147.6 44538 | 27499 | 21.95 5.62 115
06094049 | 1441548 44568 | 27.12 22.02 574 111
06093329 | 1441547 46464 | 27639 | 2213 5.94 1.09
06092659 | 1441583 48692 | 28976 | 22.13 5.94 115
06092089 | 1441546 49956 | 30347 | 22.03 575 1.24
06104053 | 144029 49685 | 30.585 21.96 5.64 127
06103432 | 1440138 4833 30.005 21.92 557 127
061028.12 | 144021.1 48059 | 29.143 2204 577 1.19
06102242 | 1440175 49233 | 28.633 2225 6.14 1.10
06101646 | 1440139 47066 | 28.668 22,01 573 118
06101051 | 144017.6 47638 | 28.853 22,04 578 1.17
06103.31 1440 14 47517 | 28844 | 22.03 576 118
060957.61 | 1440212 45561 | 28.897 21.81 539 1.26
0609514 144024.8 44628 | 28281 21.82 5.40 123
06094595 | 1440248 44538 | 27411 21.96 5.64 114
060939.99 | 1440248 4517 27499 | 22.02 574 113
06093329 | 1440283 47819 | 28.088 22.20 6.05 1.09
06092635 | 1440355 49443 | 29776 | 22.07 5.83 120
06104077 | 1438437 50226 | 30866 | 21.97 5.66 128
06103482 | 1438438 48421 | 30189 | 21.90 553 1.28
06102762 | 1438439 48631 | 29.565 2,02 575 121
061022.16 | 143851.1 48992 | 29011 22.16 5.98 1.14
06101646 | 143851.1 47487 | 29424 | 21.93 559 124
06 109.76 1438476 49624 | 30189 | 22.02 574 124
06103.81 1438512 50497 | 30233 22.10 5.88 121
0609 58.1 1438512 47788 | 30136 | 21.84 544 1.30
060951.65 | 1438512 46103 | 2924 21.81 539 127
06094595 | 1438512 46343 | 28492 | 2197 5.65 1.19
06093875 | 1438548 47216 | 28642 | 22.03 577 1.17
060932.8 1438 54.7 51300 | 29.67 228 6.20 1.13
06104101 | 1437137 5.0648 | 30.875 22.01 572 127
06103432 | 1437246 49504 | 30391 21.97 5.66 126
061027.12 | 1437139 49835 | 30022 | 2207 5.83 121
061022.66 | 1437175 50798 | 30.136 | 22.15 5.96 1.19
06095165 | 1437248 48962 | 3077 21.86 547 1.32
06094496 | 1437212 49835 | 30409 | 22.00 572 125
0609 39 1437248 52243 | 30356 | 2225 6.15 1.16
06104026 | 1435365 51069 | 30.673 22,08 5.85 123
06104075 | 1434173 51912 | 30.69 217 5.99 1.20

Table 16: The Database of far infrared cavity CCRAS nearby AGB star AGB0631+1606. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 um that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 gm and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) Ay

hh mm ss dd mm ss Mly) Mly) (K) (><107]6) Js72 (X 1075) mag

06 32 55.86 167179 2.37 17.83 20.99 4.17 1.01

06 32 50.36 16714.3 2.21 17.81 20.69 3.77 111

0632 43.37 167179 2.26 17.82 20.79 3.90 1.08

0632 37.37 16710.7 2.32 17.70 20.92 4.07 1.02

06 32 30.38 16721.5 235 17.57 21.02 4.20 0.98

0632 25.88 167143 249 17.67 21.27 4.56 0.91

0632 18.88 167178 2.59 17.97 21.38 4.72 0.89

0633 0.85 16 5 40.6 2.44 17.91 21.11 4.32 0.97

06 32 53.86 16 5 40.7 2.28 17.32 20.96 4.12 0.99
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Table 16 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
06324961 | 165479 2.12 1742 | 2061 3.66 112
06324337 | 165407 208 17.13 20.59 3.65 1.10
06323687 | 165335 2.19 1696 | 2086 4.00 1.00
06323063 | 165479 221 16.89 20.92 4.07 0.98
06322488 | 165443 235 17.16 | 2113 436 0.93
06321864 | 16537 2.50 17.71 21.28 4.58 091
0633 1.85 164142 243 1772 | 2114 437 0.95
06325435 | 1647.1 229 17.12 21.02 420 0.96
06324861 | 164179 211 1704 | 2068 375 1.07
06324237 | 16435 2.04 1684 | 2058 3.63 1.09
06323687 | 1647.1 213 16.51 20.86 3.99 0.97
06323063 | 16435 218 16.55 20.95 412 0.95
06322488 | 164107 232 17.02 21.10 432 0.93
063217.14 | 164106 2.46 1775 21.19 444 0.94
0633 6.84 162334 233 1794 | 20.90 4.04 1.04
063306 16237 241 17.41 21.19 445 0.92
06325485 | 162443 224 16.99 20.96 4.13 0.97
06324986 | 16240.7 2.06 17.03 20.58 3.63 1.10
063243.11 | 16237.1 2.02 1655 20.61 3.67 1.06
06323637 | 162479 2.09 1628 20.84 3.97 0.97
06323038 | 162335 215 16.49 20.92 4.07 0.95
06322414 | 162407 231 1706 | 21.08 429 0.93
063218.14 | 162406 2.46 1776 | 21.19 445 0.94
0633 6.84 161214 225 17.63 20.81 3.92 1.06
06330.84 161178 231 17.17 21.05 424 0.95
0632 54.6 16059.9 227 1686 | 21.05 424 0.93
06324861 | 16059.9 207 1684 | 2065 372 1.06
06324187 | 16135 2.00 1636 | 2063 3.69 1.04
063236.12 | 160563 2.03 16.09 20.77 3.87 0.98
06323088 | 161143 2.10 1627 20.85 3.98 0.96
06322364 | 16135 228 16.89 21.08 428 0.93
0632174 16117.8 2.46 17.85 21.16 4.40 0.95
063313.07 | 1559369 232 1772 | 2092 4.08 1.02
0633 6.58 155955 217 17.29 20.73 3.83 1.06
0633 1.34 155937 226 1706 | 2097 4.14 0.97
06325585 | 1559407 221 16.95 20.90 4.05 0.98
063250.1 155955.1 2.09 1674 | 2072 3.80 1.03
06324062 | 1559407 2.03 1636 | 2068 375 1.02
06323662 | 1559479 2.00 15.98 20.73 3.83 0.98
06323138 | 1559515 2.06 1625 20.78 3.88 0.98
06322464 | 155937.1 222 1704 | 2090 4.04 0.99
0632169 15 59 40.6 244 1760 | 21.19 444 0.93
06321091 | 155940.6 253 17.95 21.27 455 0.93
06332505 | 155832 228 1796 | 2078 3.89 1.09
06331956 | 1558213 236 17.61 21.04 423 0.98
063313.07 | 1558213 233 17.29 21.06 426 0.95
06337.08 1558 10.6 223 17.10 | 2091 4.06 0.99
0633 0.59 1558 10.6 2.18 16.93 20.86 3.99 1.00
06325435 | 155835 227 16.87 21.05 425 0.93
06324985 | 155835 207 16.71 20.68 376 1.05
063242.11 | 1557563 2.02 1622 | 2071 379 1.01
06323562 | 1558179 2.00 15.99 20.72 3381 0.99
063229.63 | 1558179 2.04 1624 | 2075 3.84 0.99
06322264 | 1558215 222 1693 20.94 4.10 0.97
0632169 1558 17.8 2.44 1756 | 21.20 4.46 0.93
06321191 | 1558286 251 1796 | 2123 4.50 0.94
06334326 | 1556257 235 17.81 20,97 4.14 1.01
063338.02 | 155633 226 1764 | 2083 395 1.0
06333178 | 1556403 224 17.32 20.88 4.01 1.02
06332579 | 155626 212 1722 20.65 372 1.09
06331955 | 1556513 224 17.01 20.96 412 0.97
06331257 | 155640.5 218 1691 20.85 3.98 1.00
0633 6.33 1556 47.8 218 16.81 20.89 4.03 0.98
0633 1.33 1556 37 2.15 16.81 20.82 3.94 1.00
06325534 | 1556335 220 16.79 20.93 4.09 0.97
06324835 | 1556443 2.09 1656 | 2076 3.86 1.01
06324211 | 1556443 2.02 1626 | 2068 376 1.02
063236.12 | 1556587 2.02 16.11 20.73 3.82 0.99
063229.63 | 155655.1 208 16.19 20.85 3.98 0.96
063224.14 | 1556479 223 16.88 20.98 4.15 0.96
063217.15 | 155658.6 241 17.71 21.10 43 0.96
06334949 | 1554376 239 18.02 | 2098 4.15 1.02
063345 1554593 226 17.47 20.86 3.99 1.03
06333901 | 1554414 221 17.19 20.85 3.98 1.02
06333228 | 1554595 2.19 16.85 20.89 4.03 0.98
06332529 | 1554524 207 16.83 20.66 373 1.06
0633 19.8 1555 6.9 217 1666 | 2090 4.05 0.97
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
6331256 1554 56.1 2.11 1674 | 2075 3.84 1.02
06338.57 1554562 2.10 1653 20.80 391 1.00
06330.58 155510.6 2.09 16.41 20.80 391 0.99
06325509 | 1554563 207 1650 | 2074 3.83 1.01
063249.1 1555179 1.98 1652 | 2053 357 1.09
06324236 | 155535 2.00 1631 20.63 370 1.04
06323687 | 15557.1 205 1623 20.76 3.86 0.99
06322988 | 1555215 212 1644 | 2087 4.00 0.97
0632219 1555215 233 17.15 21.10 43 0.93
0633435 1553473 220 1746 | 2075 385 1.07
06333676 | 1553402 227 17.13 20.98 4.14 0.97
06333027 | 1553367 2.15 16.72 20.86 3.98 0.99
06332403 | 155329.6 213 16.77 20.80 391 1.01
063319.04 | 1553333 2.18 1672 | 2091 4.05 0.97
06331256 | 1553333 220 16.71 20.96 412 0.95
06336.32 1553 40.6 212 16.55 20.83 395 0.99
06325983 | 155337 1.99 16.41 20.59 3.65 1.06
06325484 | 1553407 2.02 1648 20.63 3.69 1.05
06324935 | 1553407 2.06 16.41 20.74 383 1.01
06324161 | 1553299 2.02 1643 20.65 372 1.04
063234.13 | 1553515 2.08 16.55 20.75 3.84 1.01
06322889 | 155355.1 223 1676 | 21.00 417 0.94
06322165 | 1553515 248 17.48 21.29 4.59 0.90
06335023 | 155210 232 1794 | 2088 4.01 1.05
06334299 | 1551557 224 17.37 20.85 3.98 1.03
0633375 1551522 222 17.08 20.90 4.05 0.99
06333176 | 1551595 222 16.83 20.96 412 0.96
06332727 | 155159.6 2.14 1686 | 2079 3.89 1.02
06331979 | 155233 213 16.81 20.78 3.89 1.02
063313.05 | 1551597 221 1686 | 2093 4.08 0.97
0633 6.56 1552 10.6 217 1673 20.88 402 0.98
06330.58 1552 14.2 208 16.49 20.77 3.87 1.00
06325359 | 15527.1 207 1660 | 2071 3.80 1.03
063247.6 15527.1 212 1646 | 2084 3.97 0.98
06324161 | 15527.1 208 1650 | 2077 3.87 1.00
06323538 | 155225.1 2.14 1662 | 2086 3.99 0.98
06322939 | 1552215 232 1686 | 21.16 439 0.90
063223.15 | 1552143 254 17.61 21.38 472 0.88
06335072 | 1550435 220 1772 | 2068 376 111
06334373 | 1550293 220 1744 | 2075 385 1.07
06333849 | 155036.6 2.19 17.22 20.79 3.89 1.04
06333176 | 1550367 2.19 16.85 20.89 4.03 0.98
06332577 | 1550332 218 1684 | 2087 4.01 0.99
06331953 | 1550369 229 16.83 2111 43 091
06331429 | 1550369 235 1690 | 21.20 446 0.89
0633 6.06 155037 228 1694 | 21.05 424 0.94
0633 0.82 1550 47.8 217 16.67 20.89 4.03 0.97
06325459 | 1550479 2.18 1666 | 2092 4.07 0.96
063247.85 | 1550407 2.14 16.68 20.83 395 0.99
06324111 | 1550479 2.14 1659 20.85 3.98 0.98
06323563 | 1550479 220 1675 20.94 4.10 0.96
063230.14 | 1550587 235 17.01 21.18 442 0.90
06322215 | 1550515 258 1772 | 2142 478 0.87
0634 144 1548514 237 17.99 20.95 4.11 1.03
06348.17 15499.5 234 17.88 20.92 4.07 1.03
0634 1.93 1548 58.9 237 1796 | 2096 4.12 1.03
06335545 | 154926 238 17.87 21.01 4.19 1.00
06334946 | 154928 228 17.58 20.88 4.01 1.03
06334422 | 154965 2.19 17.52 20.72 3.80 1.08
06333849 | 1549102 224 17.33 20.87 4.01 1.02
06333125 | 15493.1 221 16.99 20.89 4.03 0.99
06332551 | 1549104 212 16.82 20.76 3.86 1.02
06331853 | 1549 14.1 226 16.72 21.06 427 0.92
06331254 | 1548597 236 1675 2127 456 0.86
0633631 1549 10.6 236 16.77 21.26 454 0.87
06330.32 154934 223 16.73 21.02 420 0.94
06325334 | 1549215 2.16 16.67 20.88 401 0.98
063248.1 15497.1 212 16.89 20.73 3.82 1.04
06324086 | 1549143 220 16.77 20.94 4.09 0.96
06323538 | 1549143 226 1686 | 21.03 422 0.94
06322864 | 1549143 239 17.08 21.24 451 0.89
063413.14 | 1547214 238 17.98 20,97 4.14 1.02
0634 7.66 154736 241 1790 | 21.05 424 0.99
0634 1.67 1547253 243 17.97 21.08 428 0.99
063355.19 | 154729.1 238 17.91 20.99 4.16 1.01
0633502 1547328 226 17.81 20.79 3.89 1.08
06334372 | 1547329 221 17.71 20.72 3.80 1.09
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Table 16 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
06333723 | 1547222 222 1732 | 2084 3.96 1.03
06333224 | 1547295 2.19 17.05 20.83 395 1.01
06332501 | 1547332 212 1675 20.77 3.88 1.02
063319.02 | 1547369 215 16.58 20.89 4.02 0.97
06331179 | 1547297 222 16.51 21.06 426 091
0633581 15 47 40.6 233 16.68 2122 448 0.87
06325957 | 1547262 221 1693 20.92 4.07 0.98
063253.09 | 1547479 222 17.03 20.91 4.06 0.99
06324685 | 1547335 220 17.33 20.79 3.89 1.0
063241.11 | 1547407 224 17.21 20.90 4.04 1.00
06323463 | 1547335 229 1723 21.00 4.17 0.97
063228.64 | 154755.1 241 1750 | 21.15 439 0.94
06347.65 1545552 236 17.92 20.96 4.13 1.02
0634 1.66 1545553 235 1794 | 2093 4.08 1.03
06335543 | 154699 237 18.07 20.94 4.09 1.04
063349.69 | 154610 233 1796 | 2089 4.02 1.05
06334271 | 1545593 220 1776 | 2068 376 111
06333573 | 1545594 2.16 1754 | 2066 373 111
06333174 | 1545595 217 17.21 20.76 385 1.05
06332476 | 1546 17.6 208 16.81 20.67 374 1.06
06331852 | 1545597 212 1676 | 2078 3.89 1.01
06331229 | 1546213 223 16.58 21.05 424 0.92
0633555 1546 10.6 229 1673 21.13 436 0.90
06325957 | 1546214 224 17.21 20.90 4.04 1.00
06325308 | 1546179 227 17.29 20.93 4.09 0.99
06324635 | 154625.1 230 1760 | 2092 4.06 1.02
063241.11 | 1546215 230 17.64 | 2090 4.05 1.02
063235.63 | 1546215 234 17.61 20.99 4.16 0.99
063229.14 | 1546359 246 17.89 21.16 4.40 0.96
0634 7.89 1544 39.6 231 17.74 | 20.90 4.04 1.03
063424 15 44 36.1 231 1786 | 2087 4.00 1.0
06335467 | 1544435 230 17.91 20.85 3.97 1.06
06334993 | 1544436 230 17.77 20.88 4.02 1.04
06334295 | 1544437 222 1766 | 2074 3.83 1.08
06333796 | 1544294 2.19 1754 | 2071 3.80 1.09
06333098 | 154433.1 220 17.28 20.79 3.90 1.04
0633245 15 44 44 220 17.16 | 2082 3.94 1.02
06331752 | 1544513 217 1704 | 2081 3.92 1.02
06331253 | 1544333 229 16.89 21.08 429 0.93
063353 154437 234 1706 | 21.15 439 091
06325932 | 1544406 235 1726 | 2111 433 0.94
06325258 | 1544443 234 17.49 21.03 421 0.98
063247.6 1544335 234 17.71 20.96 413 1.01
06324186 | 1544515 233 17.82 20.92 4.07 1.03
063234.63 | 1544479 241 17.98 21.03 421 1.00
06341286 | 154358 230 1786 | 2085 3.97 1.06
0634 6.13 1542 58.8 227 1776 | 2083 3.94 1.06
0634 0.89 1542589 227 1766 | 2085 3.98 1.04
06335466 | 1542555 233 17.57 20.98 415 1.00
06334992 | 1542592 231 17.51 20.96 413 1.00
06334394 | 154310.1 223 17.65 20.77 3.87 1.07
06333646 | 1542594 223 1750 | 2081 3.92 1.05
06332998 | 154367 221 1760 | 2074 3.83 1.08
06332424 | 154368 226 17.87 20.78 3.88 1.08
06331851 | 1542597 224 17.75 20.76 3.86 1.08
06331203 | 1543105 231 17.51 20.96 4.12 1.00
06335.79 154259.8 243 17.53 21.19 445 0.93
06325956 | 154310.6 241 17.45 21.18 443 0.93
063253.08 | 154325.1 247 17.59 21.26 454 091
063247.1 1543107 243 1786 | 21.10 431 0.97
06341858 | 1541357 232 17.97 20.86 3.99 1.06
0634 12.1 1541359 235 1770 | 2099 4.17 1.00
06347.61 1541288 228 1760 | 2087 4.01 1.03
0634 1.63 1541289 226 1743 20.88 402 1.02
0633534 1541 29.1 226 17.37 20.90 4.04 1.01
06334892 | 1541364 222 1736 | 2082 3.94 1.04
06334269 | 1541365 2.17 17.51 20.69 376 1.09
063336.7 154133 225 1760 | 20381 3.92 1.05
06333097 | 1541439 232 1796 | 2087 4.00 1.05
06335.04 1541 58.6 254 17.93 21.30 4.60 0.92
06325856 | 1541479 242 17.89 21.08 429 0.98
063253.08 | 1541587 249 1792 | 2120 4.46 0.95
06341956 | 1539549 233 17.93 20.90 4.04 1.04
06341284 | 154058 230 1776 | 2088 4.02 1.04
0634835 1539552 231 17.71 20.91 4.06 1.02
0634 1.62 1539553 233 17.42 21.02 421 0.97
06335389 | 15402.7 232 17.37 21.01 4.19 0.97
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Table 16 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
063348.16 | 154028 229 1736 | 2096 413 0.99
06334168 | 154065 220 1754 | 2074 3.83 1.08
06333595 | 1540138 230 17.91 20.84 397 1.06
06347.59 153836 242 1790 | 21.07 427 0.99
0634 1.11 1538253 238 17.58 21.08 428 0.96
06335488 | 1538435 236 17.37 21.10 431 0.95
063348.15 | 1538292 226 1740 | 2089 4.03 1.01
06334267 | 1538329 220 1776 | 2067 375 111
06335462 | 153763 242 17.65 21.15 438 0.95
06334839 | 1537172 237 17.75 21.02 420 0.99
06334191 | 1536593 230 17.99 20.82 3.94 1.07

Table 17: The Database of far infrared cavity CCRAS4 nearby AGB star AGB0633+1415. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 pum that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) T4 B(v,T) Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10716) 3572 (x1075) mag
0634 12.19 143889 3.15 18.26 2227 6.17 0.70
0634 5.99 14 38 27 3.13 18.07 2229 6.22 0.68
06 33 58.55 1438 19.9 3.21 18.16 22.40 6.41 0.67
0634 18.38 14 36 46 3.15 18.12 2231 6.24 0.68
0634 11.19 1436 42.5 3.09 17.67 2234 6.31 0.66
0634 5.98 14 36 42.6 3.13 17.56 2243 6.47 0.64
0633 59.53 1436 42.7 3.15 17.62 22.46 6.52 0.64
06 33 54.08 14 36 46.4 3.19 17.83 2245 6.51 0.64
0634 24.57 143512.3 3.21 18.20 2239 6.40 0.67
0634 18.62 143519.6 3.14 17.83 2237 6.36 0.66
06341143 14 35 16.1 3.11 17.38 2245 6.51 0.63
0634 5.97 143516.2 3.09 17.28 22.46 6.52 0.62
0633 59.28 143516.3 3.12 17.27 2251 6.62 0.61
0633 54.32 143512.8 3.13 17.64 2241 6.44 0.64
0633 47.87 143516.5 322 18.18 2241 6.44 0.66
06 34 30.02 1433529 3.18 18.09 2237 6.36 0.67
06 34 24.56 143403 3.14 17.98 2233 6.29 0.67
06 34 18.36 143353.2 3.07 17.64 2231 6.25 0.66
0634 11.92 1433 49.7 3.02 17.17 2237 6.36 0.63
0634 6.21 1433 57 3.05 17.09 2245 6.51 0.62
06 33 59.02 1433 53.5 3.08 17.25 22.44 6.49 0.62
0633 53.07 1433 53.6 3.15 17.58 22.46 6.52 0.63
0633 47.12 1433 53.7 3.21 18.21 2238 6.38 0.67
06 34 30.75 14 3226.5 3.10 17.95 2228 6.19 0.68
0634 24.31 14 3223.1 2.96 17.70 22.10 5.89 0.71
0634 18.36 143216 2.92 17.34 22.14 5.95 0.69
0634 12.16 14 3226.9 291 16.91 2224 6.14 0.65
0634 6.21 1432342 3.02 16.88 2245 6.51 0.61
0634 0.5 1432235 3.07 17.24 2242 6.46 0.63
06 33 53.81 1432 16.4 3.18 17.64 2249 6.58 0.63
0633 48.11 14 32 20.1 3.27 18.30 2245 6.51 0.66
06 34 30.25 14 30 42.1 3.06 17.81 2224 6.14 0.68
0634238 1430 49.5 2.88 17.34 22.07 5.82 0.70
0634 18.1 143042.4 2.82 17.05 22.04 5.79 0.69
0634 12.4 14 30 46.1 2.81 16.69 22.14 5.95 0.66
063457 1430 46.2 2.93 16.85 2230 6.24 0.63
06340 14 30 39.1 3.08 17.24 2245 6.51 0.62
06 33 54.05 1430 39.2 3.25 17.81 2255 6.70 0.62
06 34 29.99 1429229 3.09 17.84 2228 6.20 0.68
0634233 1429 26.7 2.90 17.42 22.09 5.86 0.70
0634 17.35 1429 16 2.80 17.18 21.98 5.67 0.71
0634 12.39 1429 12.5 2.89 16.89 2222 6.09 0.65
0634 6.19 1429 12.6 2.97 17.06 2231 6.25 0.64
0633 59.75 1429235 3.15 17.42 2251 6.62 0.62
0633 53.55 1429 12.8 3.36 17.86 22.72 7.03 0.60
0634 28.74 1428 0.2 3.12 17.98 22.30 6.24 0.68
0634 23.78 1427 56.7 3.02 17.86 22.17 6.01 0.70
0634 18.58 1427 46 3.00 17.47 2224 6.13 0.67
0634 12.63 1427 46.1 3.02 17.27 2235 6.32 0.64
0634 6.43 1427 46.2 3.11 17.35 22.46 6.54 0.62
0633 59.74 1427 39.1 3.20 17.56 22.56 6.72 0.61
06 33 54.04 1427 53.6 3.34 18.06 22.64 6.87 0.62
0634 29.97 1426 33.8 3.18 18.30 2230 6.24 0.69
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Table 17 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
06342427 | 1426339 314 1816 | 2228 6.20 0.69
06341807 | 142619.6 318 18.02 | 2239 639 0.66
06341287 | 1426197 320 1770 | 2250 6.61 0.63
06346.18 14269 325 17.63 22.61 6.82 0.6l
06335998 | 1426127 323 1794 | 2249 658 0.64
06341782 | 14254 327 1832 | 2245 650 0.66
06341137 | 1424533 332 18.03 22.60 6.80 0.62
0634592 1424 462 332 18.01 2.62 6.82 0.62
0634047 1424499 334 1830 | 22.55 6.71 0.64

Table 18: The Database of far infrared cavity CCRASS nearby AGB star AGB0642+0053. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 pum that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) T4 B(»,T) Ay
hh mm ss dd mm ss (MJy) (MJy) (K) (x10710) 5572 | (x1075) mag
064217.12 11848 4.5002 28.345 21.85 545 1.22
0642 11.36 11848 4.4346 28.064 21.82 5.41 122
0642 5.36 11754 4.2931 28.304 21.62 5.09 1.31
06 41 59.36 117504 4.3234 28.569 21.61 5.07 1.32
0641 53.6 117504 4.5103 28.734 21.79 5.36 1.26
0642 22.64 11631.2 4.48 28.354 21.82 5.41 1.23
064217.12 116204 4.4472 27.874 21.87 5.49 1.19
0642 10.64 116132 4.4522 27.824 21.88 5.51 1.19
06425.12 11624 4.2855 28.014 21.66 5.15 1.28
0641 58.88 116204 4.2552 28.147 21.60 5.06 1.31
0641 53.6 11627.6 4.3436 28.279 21.68 5.19 1.28
064223.6 11454 4.4017 28.072 21.78 5.35 1.23
0642 16.88 11454 4.4017 27.742 21.84 545 1.20
0642 10.88 11584 4.4497 27.899 21.87 5.49 1.20
0642 4.88 11548 4.3057 27.998 21.69 5.20 1.27
0641 59.12 114576 4.2375 28.056 21.60 5.06 1.30
0641 53.12 114504 4.2956 27.99 21.68 5.18 1.27
0641 47.36 11548 4.3941 28.469 21.71 5.22 1.28
064223.84 113456 4.3688 27.874 21.78 5.35 1.23
0642 16.88 113276 4.3638 27.675 21.81 5.39 1.21
064211.6 113348 4.4522 27.899 21.87 5.49 1.19
06425.12 113312 4.2627 28.163 21.61 5.07 1.31
0641 58.88 113204 4.2501 28.056 21.61 5.08 1.30
0641 53.36 11324 4.3107 28.056 21.68 5.19 1.27
0641 48.08 11324 4.2905 28.254 21.63 5.10 1.30
0641 41.36 11324 4.4775 28.577 21.78 5.34 1.26
0642 23.36 11154 4.3916 27.924 21.80 5.37 1.22
0642 16.88 111576 4.2981 27.609 21.75 5.29 1.23
0642 11.36 11154 4.3941 27.766 21.83 5.42 1.20
06425.6 11154 4.1642 28.023 21.52 4.93 1.34
0641 58.88 11154 4.2577 28.13 21.61 5.07 1.30
0641 53.12 111504 4.2451 27.882 21.64 5.12 1.28
064147.12 111576 4.2147 27.841 21.61 5.07 1.29
0641 41.36 11154 4.2223 27.725 21.64 5.12 127
0641 34.87 111576 4.4067 27.758 21.85 545 1.20
0642 28.41 110348 4.5457 28.552 21.86 547 1.23
064222.88 110348 4.3411 27.866 21.75 5.30 1.24
0642 16.88 110384 4.2501 27.576 21.70 5.21 1.24
0642 11.36 11031.2 4.3461 27717 21.78 5.35 1.22
0642 4.88 110348 4.1718 27.808 21.57 5.01 1.31
0641 59.12 110204 4.1289 27.766 21.53 4.94 1.32
0641 53.36 11024 4.1743 27.386 21.64 5.13 1.26
0641 46.64 11031.2 4.0809 27.154 21.58 5.02 1.27
064141.6 110168 4.0556 26.972 21.58 5.02 1.26
0641 34.87 11027.6 4.1263 26.766 21.70 5.21 1.21
0641 28.63 110348 4.2299 27.493 21.69 5.20 1.24
0642 34.89 1854 4.4851 28.61 21.78 5.35 1.26
06 42 28.65 18504 4.4017 28.263 21.75 5.29 1.25
0642 22.88 18504 4.2779 27.758 21.70 5.21 1.25
064217.12 1857.6 4.187 27.667 21.61 5.07 1.28
0642 10.88 1854 4.3057 27.766 21.73 5.26 1.24
06425.6 1857.6 4.1238 27.94 21.49 4.88 1.34
06 41 59.84 1846.8 4.0632 27.609 21.48 4.86 1.33
06 41 53.36 1850.4 4.0758 27.072 21.58 5.03 1.26
06 41 45.68 1846.8 3.9722 26.766 21.52 4.92 1.28
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
0641 41.6 1839.6 39293 | 26443 | 2152 493 126
064135.11 | 18504 39747 | 26294 | 21.60 5.06 122
06412959 | 18576 40556 | 27.047 | 2157 5.00 127
06412335 | 18576 42804 | 28246 | 21.62 5.08 1.31
06424065 | 17348 44244 | 28378 | 2176 530 1.26
06423489 | 17276 43941 | 28172 | 2176 531 125
06422768 | 17276 4331 28.089 | 21.70 522 127
0642224 17312 42905 | 28139 | 21.65 513 129
06421856 | 17312 42577 | 28097 | 21.62 5.08 1.30
0642 11.6 1727.6 42476 | 28246 | 21.58 5.02 132
0642 5.84 1724 41718 | 28511 | 2145 482 1.39
06420.32 17204 40783 | 28039 | 2142 478 138
0641 54.8 17132 4.0455 27.27 21.51 492 1.30
0641464 1724 3952 | 26931 | 2146 484 131
06414136 | 17168 3952 | 26584 | 2152 494 127
06413536 | 17312 40076 | 26575 | 21.59 5.04 124
06412887 | 17204 4.0404 | 27303 | 21.50 4.90 1.31
06412359 | 17312 41971 | 28039 | 21.56 4.99 1.32
06411687 | 17204 43107 | 28544 | 21.60 5.06 1.33
06424113 | 1684 44497 | 28552 | 2175 530 127
06423585 | 1554 44118 | 28354 | 2175 529 1.26
064229.12 | 1684 44042 | 28718 | 21.67 5.17 131
06415984 | 1612 41996 | 28618 | 21.46 484 1.39
06415432 | 1648 40859 | 2775 21.48 4.87 134
0641 47.6 1557.6 41011 | 27.518 | 21.54 4.96 131
0641 41.6 1557.6 41213 | 27394 | 21.58 5.03 128
06413584 | 15468 41112 | 27187 | 2161 5.07 1.26
06412839 | 1554 41238 | 27.634 | 21.54 497 131
06412287 | 1612 42552 | 28304 | 21.58 5.02 1.33
064117.11 | 1648 43208 | 28701 | 21.58 5.03 134
06414664 | 14384 43006 | 28742 | 21.55 4.99 136
06414112 | 14312 43461 | 28271 | 21.69 5.19 128
06413608 | 14312 42804 | 28.006 | 21.66 5.15 128
064129.11 | 14348 42552 | 28304 | 21.58 5.02 1.33

Table 19: The Database of far infrared cavity CCRAS6 nearby AGB star AGB0651+0031. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 um that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 552 | (x107°) mag
06 50 46.36 0400 4.58 29.51 21.73 5.17 1.34
06 50 40.36 039528 4.33 28.62 21.60 4.98 1.35
06 50 34.84 03945.6 4.27 28.30 21.59 4.96 1.34
06 50 28.84 0400 4.27 28.84 21.50 4.82 1.41
06 50 23.08 039492 4.38 29.52 21.52 4.85 1.43
06 50 46.6 038192 4.39 29.14 21.59 4.95 1.38
0650 41.32 038264 4.10 27.81 21.48 4.79 1.36
06 50 35.08 03815.6 3.97 27.39 21.41 4.68 1.38
06 50 28.36 038264 3.87 27.36 21.28 4.50 1.43
0650 22.12 038264 4.00 27.88 21.35 4.60 1.42
0650 17.08 038192 4.31 28.66 21.58 4.93 1.37
0650 10.6 03833.6 4.86 29.64 22.00 5.62 1.24
0649 46.84 03815.6 4.39 29.21 21.58 4.94 1.39
0649 40.6 03830 4.39 29.41 21.54 4.88 1.42
06 50 46.36 0373.6 4.45 29.28 21.63 5.02 1.37
06 50 41.08 03656.4 4.19 27.96 21.56 491 1.34
06 50 34.6 0370 3.90 27.27 21.34 4.59 1.40
06 50 29.08 036492 3.74 27.03 21.19 4.36 1.46
06 50 23.08 03645.6 3.78 27.20 21.20 4.38 1.46
0650 16.84 03645.6 3.94 27.41 21.36 4.62 1.40
0650 10.84 036492 4.15 27.49 21.59 4.96 1.30
0650 3.88 03645.6 4.17 28.32 21.48 4.79 1.39
0649 58.6 03645.6 4.23 28.39 21.53 4.87 1.37
0649 52.84 03642 4.13 28.40 21.42 4.70 1.42
0649 46.36 03645.6 3.93 27.77 21.29 4.51 1.45
0649 40.6 03645.6 3.82 28.06 21.11 4.25 1.55
0649 34.84 03645.6 4.01 28.57 21.25 4.45 1.51
0649 28.84 036528 4.11 28.83 21.33 4.56 1.49
0649 23.08 036564 4.20 29.55 21.31 4.54 1.53
06 50 39.88 03584 4.45 28.88 21.70 5.13 1.32
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
065033.64 | 035192 405 27.81 2143 471 139
065028.84 | 035228 3.90 2744 | 2131 454 142
06502332 | 035228 379 27.41 2117 434 1.48
065017.08 | 03519.2 385 27.01 21.32 4.56 1.39
06501084 | 03548 385 2664 | 2139 4.66 1.34
0650 4.84 03515.6 381 26.83 21.30 452 1.40
0649 58.6 03512 372 2712 | 2114 430 1.48
06495284 | 03584 3.67 27.01 21.10 424 150
06494588 | 035228 355 26.65 21.00 411 1.53
06494132 | 035192 342 26.62 20.84 3.90 1.61
0649 34.6 03515.6 349 27.08 20.85 391 1.63
06492956 | 03530 375 2830 | 2099 4.09 1.63
06492284 | 03530 3.97 2830 | 2124 444 1.50
0649 16.6 035228 435 2931 21.52 485 1.42
065039.4 033492 4.66 29.73 21.79 5.26 133
065034.12 | 033564 443 28.88 21.67 5.08 134
065028.12 | 033492 426 2854 | 2154 488 1.37
065021.64 | 033456 4.08 2810 | 2141 468 1.41
065016.12 | 033528 385 27.58 21.22 441 147
06501132 | 033492 395 27.06 | 2143 472 135
06505.08 033492 3.82 2682 | 2131 454 1.39
0649 57.4 03342 3.64 2650 | 2115 431 145
06495236 | 033456 354 26.19 21.08 421 1.46
064945.16 | 03342 339 2596 | 2092 4.00 153
06494084 | 033564 326 25.97 20.74 377 1.62
06493484 | 033564 330 26.35 20.73 376 1.65
064928.12 | 033528 349 26.83 20.90 3.97 1.59
06492356 | 0343.6 378 2754 | 2115 431 150
06491684 | 0340 4.10 2880 | 2132 455 1.49
06501588 | 032264 450 29.52 21.64 5.03 138
06509.64 032264 434 2854 | 21.63 5.02 134
0650 4.84 032156 4.14 2725 21.63 5.02 1.28
064958.12 | 032156 3381 2644 | 2138 464 1.34
0649 51.4 03284 350 2562 | 2112 427 1.41
06494588 | 03219.2 330 25.39 20.89 3.96 151
06494084 | 03230 317 2546 | 2070 371 1.61
06493532 | 032192 320 25.99 20.65 3.65 1.67
06492908 | 032228 337 26.53 20.79 3.83 1.63
06492284 | 032192 3.67 27.41 21.03 4.15 155
06491588 | 032336 4.10 28.97 21.28 4.50 1.51
06504.12 030528 458 27.85 2,02 5.65 116
0649 57.4 03049.2 3.86 2630 | 2146 476 1.30
064952.12 | 030528 343 25.53 21.05 4.18 1.44
06494588 | 0313.6 324 2500 | 2089 3.96 1.49
06494084 | 0313.6 3.08 2510 | 2063 3.63 1.63
06493532 | 030564 3.10 25.72 20.55 3.54 171
06492908 | 030528 333 26.48 20.74 377 1.65
0649 22.6 03042 3.68 2780 | 2098 4.08 1.60
06491588 | 030528 4.13 29.21 21.28 4.50 1.53
0650 9.64 029228 470 29.55 21.86 538 1.29
0650 4.12 029264 438 2742 | 2188 541 1.19
0649 57.4 029438 374 2592 | 2138 464 131
06495236 | 029264 335 25.29 20.98 4.08 1.46
0649 46.6 02912 314 2482 | 2077 381 1.53
06494036 | 02930 298 25.15 20.49 346 171
06493436 | 02919.2 3.06 2580 | 2048 345 1.76
06492836 | 029228 337 26.61 20.78 3.82 1.64
06492236 | 029264 373 28.11 20.99 4.09 1.61
065010.12 | 027492 436 28.78 21.62 5.00 135
0650 3.88 027528 4.07 26.89 21.61 498 127
0649 57.4 027528 3.60 26.09 2117 435 1.41
06495212 | 027564 342 25.52 21.03 4.15 145
064946.12 | 027528 327 2555 20.82 3.87 155
06493964 | 027564 3.19 2582 | 2067 3.68 1.65
06493436 | 027492 327 2652 | 2066 3.66 1.70
06492788 | 027492 354 27.35 20.88 3.94 1.63
06492236 | 027528 3.84 2884 | 21.01 412 1.65
06509.88 026228 453 28.68 21.82 532 127
0650 4.36 026264 4.15 27.35 21.62 501 1.28
06495788 | 026264 377 26.67 21.28 449 1.40
06495236 | 026228 359 26.45 21.10 424 1.47
0649 46.6 02619.2 358 26.53 21.06 4.19 1.49
06494036 | 02630 357 27.11 20.96 4.05 1.57
06493436 | 02619.2 3.66 27.82 20.95 4.05 1.62
06492788 | 02619.2 3.89 28.78 21.07 421 1.61
0650 8.92 0253.6 4.69 2936 | 2188 541 128
0650 4.12 024528 4.14 27.79 21.54 4.88 1.34
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Table 19 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
06495788 | 024456 3.92 2730 | 2136 461 1.39
06495212 | 024492 3.84 2702 | 2131 454 1.40
064946.12 | 024528 377 27.27 2117 434 1.48
06493988 | 024564 3.80 2800 | 21.10 424 1.55
06493436 | 024564 3.94 28.73 21.14 429 1.57
06504.6 023192 433 28.77 21.58 495 137
06495788 | 02330 4.07 27.90 | 2144 472 139
06495164 | 023228 4.02 27.59 2142 470 138
06494636 | 023264 3.99 27.83 21.35 4.60 1.42
06494036 | 023264 393 28.58 21.15 43 1.56
064934.12 | 02330 411 29.17 21.27 448 1.53
06495932 | 0220 436 28.92 21.59 4.96 137
06495236 | 021492 426 28.45 21.56 491 1.36
0649 45.4 021528 4.16 28.39 21.46 475 1.40
06494084 | 021564 411 2872 | 2134 4.58 1.47
06493436 | 02236 424 2942 | 2137 462 1.50
06495188 | 020228 429 2921 2147 477 1.44
064946.12 | 020264 424 28.88 21.46 476 143
064940.12 | 02012 423 29.08 2142 4.69 1.46
0649 34.6 02019.2 430 29.51 21.43 471 147
064951.16 | 0190 4.40 29.61 21.53 4.86 1.43
064945.16 | 018528 429 29.25 21.46 476 145
064939.16 | 018456 426 2934 | 2141 4.69 1.47
06494564 | 01730 441 29.55 21.54 4.88 1.42
064940.12 | 017336 445 29.59 21.58 494 141

Table 20: The Database of far infrared cavity CCRAS7 nearby AGB star AGB0939-5249. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 pum that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual

extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(»,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10716) 5572 | (x1075) mag
09 40 33.98 -524358.3 10.772 59.931 2248 6.57 2.15
09 40 24.47 -524358.2 10.725 59.851 22.46 6.54 2.15
0941 41.41 -5246 18.1 10.576 59.905 2239 6.39 2.20
0941 31.89 -5246 18.4 10.556 59.664 22.40 6.41 2.19
09 4121.57 -5246 4.1 10.552 59.384 2242 6.46 2.16
09411245 -524557.1 10.556 59.771 2239 6.40 2.20
09412.13 -5245 50 10.552 59.237 2243 6.48 2.15
0940 53.8 -524542.8 10.583 58.903 2248 6.56 2.11
09 40 43.89 -524539.2 10.543 58.863 22.46 6.53 2.12
09 40 32.39 -524539.1 10.463 58.703 22.44 6.48 2.13
09 40 22.87 -524524.6 10.546 58.85 22.46 6.54 2.12
0940 12.96 -524517.2 10.666 59.891 2243 6.48 2.17
09 41 50.57 -524751.5 10.43 58.169 2247 6.54 2.09
09 41 40.64 -524740.9 10.204 58.717 22.30 6.24 221
0941 32.7 -524744.7 10.284 58.556 22.36 6.34 2.17
0941 21.59 -524737.7 10.493 58.703 2245 6.51 2.12
09411127 -524727.1 10.374 58.143 2244 6.50 2.10
09412.14 -524720 10.33 57.982 2243 6.48 2.10
0940 52.22 -524716.4 10.327 57.168 22.51 6.62 2.03
094041.5 -524720 10.314 57315 2249 6.58 2.05
0940 31.58 -52471.9 10.31 57.489 2247 6.55 2.07
0940 22.85 -5246 54.6 10.354 57.875 22.46 6.52 2.09
0940 10.95 -5246 43.6 10.596 58.823 2249 6.59 2.10
0940 3.81 -5246 36.2 10.781 59.437 22.53 6.66 2.10
0941 59.34 -5249 14 10.692 59.357 2249 6.59 2.12
094149.8 -524914.3 10.297 58.009 2241 6.45 2.12
094141.07 -5249 14.5 10.015 56.941 2237 6.36 2.11
0941 30.74 -52494 10.055 57.662 2232 6.28 2.16
09 41 20.02 -52494.2 10.32 57.889 22.44 6.49 2.10
0941 11.68 -5248 57.1 10.343 57.529 2248 6.57 2.06
0941 0.56 -5248 50 10.294 56.901 22.51 6.63 2.02
0940 51.42 -524839.2 10.214 56.714 2249 6.59 2.02
09 40 40.7 -524839.2 10.181 56.447 22.50 6.60 2.01
09 40 30.78 -524824.7 10.138 56.581 22.46 6.54 2.04
09 40 21.65 -524817.4 10.171 57.328 22.41 6.44 2.09
0940 12.52 -524813.6 10.333 57.822 2245 6.51 2.09
0940 1.8 -52482.6 10.639 59.077 2249 6.59 2.11
0939 52.28 -52485.9 10.904 59.931 22.54 6.69 2.11
09 41 49.05 -525047.9 10.284 57.795 2243 6.47 2.10
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
094139.11 | 5250518 | 10.108 | 56.821 | 2243 647 207
09412997 | -525041.2 | 10072 | 56768 | 2241 6.44 207
09412043 | 5250342 | 10.148 | 57.368 | 22.40 641 2.10
0941105 5250307 | 10281 | 57.288 | 2247 655 2.06
09410.17 5250 20 10357 | 56901 | 2255 6.69 2.00
09405023 | -5250164 | 10237 | 56821 | 22.49 6.59 2.03
0940 40.3 52509.2 10.108 | 56581 | 2245 651 2.04
09402997 | -525055 10068 | 56754 | 2241 6.44 207
09402203 | -5249546 | 10164 | 57.315 | 2241 6.44 2.09
0940 11.7 5249508 | 10383 | 58316 | 22.43 647 212
0940 0.98 5249362 | 10635 | 59.197 | 2248 6.56 2.12
093950.66 | -524928.7 | 10881 | 60.131 | 22.52 6.63 213
09414948 | 5252287 | 10516 | 58.61 247 6.55 2.10
09413834 | -525211 10125 | 56888 | 2243 6.47 207
094129.19 | -52524 99758 | 56341 | 22.40 6.42 2.06
09411965 | -525242 10055 | 56741 | 2241 6.43 2.08
09418.92 525157.1 10197 | 57542 | 2241 6.43 2.10
0941 1.36 5251536 | 10383 | 57.569 | 2250 6.60 205
09405023 | -525150 1037 57435 | 22.50 6.61 2.04
09404109 | -5251356 | 10314 | 57355 | 2248 6.57 205
09403036 | -525135.5 1031 57141 | 22.50 6.61 2.03
09402082 | -525121 1032 | 57555 | 2247 6.54 207
09401049 | -525113.6 | 10552 | 5877 247 6.56 2.11
0940 0.16 52516.1 10868 | 59.918 | 22.53 6.66 212
09414832 | -525347.9 | 10529 | 58797 | 22.46 653 212
09413837 | -525341 10194 | 57221 | 2243 648 2.08
09412842 | 5253412 | 99592 | 5622 22.40 643 2.06
09411967 | 5253414 | 99956 | 57.035 | 22.35 632 212
0941 8.93 5253307 | 10128 | 58.143 | 2232 627 218
094058.19 | -5253236 | 10317 | 58703 | 2236 635 217
09404785 | -525312.8 | 10447 | 58677 | 2243 6.47 213
09403631 | -525312.7 10576 | 58.543 | 2251 6.62 208
09402717 | -5252547 | 10566 | 58.503 | 2251 6.61 208
09402001 | -525251 10835 | 58663 | 22.62 6.84 2.02
09 40 8.48 5252435 | 10944 | 59451 | 2261 6.81 205
09414596 | -525521.6 | 10572 | 59.838 | 22.39 6.40 220
0941372 5255146 | 10181 | 57.902 | 2237 635 2.14
09412725 | -525511.2 | 99458 | 57.395 | 22.29 6.22 217
094118.09 | -52550.6 10121 | 57742 | 2235 632 215
0941 8.54 52550.7 1033 58797 | 22.36 635 218
0940 57.4 5254536 | 10596 | 59704 | 2241 6.44 218
09404745 | 5254464 | 10752 | 60.078 | 22.46 6.52 2.16
094038.69 | -5254356 | 10854 | 60.065 | 22.51 6.62 213
09402954 | -525417.5 | 11133 | 60131 | 22.64 6.87 2.06
09413564 | 5256483 | 10403 | 59.037 | 22.38 637 218
09412608 | 5256413 | 10297 | 58757 | 2235 6.32 2.19
09411612 | -525630.6 | 10536 | 59784 | 2238 638 220

Table 21: The Database of far infrared cavity CCRASS8 nearby AGB star AGB1025-5933. The first two
columns represent position of the pixels with in the cavity. The next two columns give values of relative
flux density at 60 um and 100 um that have obtained after processing the FITS image using ALADIN 2.5
software. The calculated values of dust color temperature (in K), Planck function for 100 ym and visual
extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
1028 22.98 -59414.6 39.835 171.68 2391 9.64 4.19
1028 12.25 -594295 39.699 168.47 24.00 9.87 4.01
1028 0.58 -594335 41.158 169.28 24.19 10.34 3.85
1027 47.04 -594 41 42.35 172.85 24.24 10.46 3.88
1027 37.23 -594 485 44.92 172.76 24.61 11.44 3.55
10 28 23.05 -59548.2 40.982 169.81 24.15 10.23 3.90
1028 10.91 -59559.5 39.932 166.56 24.11 10.13 3.87
1028 1.1 -59 6 10.6 40.216 165.94 24.17 10.29 3.79
1027 49.41 -59611 41.101 165.62 24.32 10.67 3.65
1027 36.8 -59622.1 42.366 167.81 24.42 10.95 3.60
1027 25.58 -596259 43.723 170.47 24.52 11.21 3.58
10 28 24.05 -597254 42.701 171.51 24.34 10.72 3.76
1028 11.44 -59740.3 40.97 166.32 24.27 10.55 3.71
1027 59.74 -59740.7 40.908 166.32 24.26 10.52 3.72
1027 48.98 -59730.2 40.879 166.75 24.24 10.47 3.74
1027 38.7 -59752 40.891 166.34 24.26 10.52 3.72
1027 27.01 -597559 41.998 166.37 24.42 10.94 3.57
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
10271438 | 598638 43064 | 169.15 | 2448 11.09 359
102823.65 | -59855.4 43326 | 17278 | 2438 10.84 375
10281196 | -5993.1 4227 16688 | 24.44 11.00 357
1028 1.66 599 10.6 41333 | 16501 | 2437 1081 359
10275137 | -599217 40386 | 16583 | 24.20 1037 376
10273779 | -599185 40363 | 16437 | 2425 10.50 3.68
10272656 | -599295 405 16422 | 2428 1057 3.65
10271626 | -59929.6 41.021 | 16526 | 2432 10.67 3.64
1027 4.09 599441 44035 | 17223 | 24.50 11.16 3.63
10281482 | -591033 41708 | 169.15 | 24.28 10.56 376
1028 2.65 5910442 | 40658 | 16118 | 24.42 10.93 347
10274954 | 5910482 | 40459 | 16031 | 24.42 10.94 345
10273876 | -5910484 | 39762 | 16116 | 2428 10.57 358
10272658 | -591052.3 | 40.085 | 16129 | 2433 10.69 355
10271722 | -591059.6 | 40357 | 16093 | 2438 10.84 3.49
1027738 591169 41288 | 16192 | 2449 1111 343
10265332 | -59116.9 43.734 1694 | 2456 11.32 352
10281488 | -59123 41.05 1694 | 2417 1029 387
10283.17 5912142 | 39983 | 16229 | 2427 1055 3.62
10275051 | -5912146 | 39.637 157.1 2442 10.94 338
10273926 | -5912148 | 39716 | 15485 | 2452 1121 325
102727.08 | -591233 39.654 | 15572 | 24.48 11.09 330
1027177 5912332 | 39201 | 15646 | 2439 10.86 339
1027551 5912333 | 39279 | 15748 | 2435 10.75 344
10265379 | -591247.7 | 40.681 | 15833 | 24.53 1124 331
10264207 | 5912441 | 43519 | 16739 | 24.61 11.44 344
1028 154 591318.5 | 41555 | 17172 | 24.16 1027 393
10 28 3.68 5913334 | 40187 | 16552 | 24.18 1032 377
10275102 | -591337.3 39.45 15895 | 2432 10.67 350
1027 40.7 59 1344.8 39.58 15523 | 2449 1111 328
10272663 | -591359.5 | 39.506 | 15171 | 24.62 1147 311
10271819 | -5914638 38871 | 15083 | 24.55 11.29 3.14
10277.87 5913597 | 38774 | 15037 | 24.56 1130 313
10265473 | -59146.9 39466 | 156.17 | 24.43 10.96 335
102643 5914105 | 41.884 | 15848 | 2471 1173 318
1026 30.8 5914212 | 44131 | 16522 | 2478 11.92 326
10262047 | -5914354 | 46226 | 17387 | 2475 11.83 345
102842 591533 42361 | 16998 | 2434 10.73 372
102752 59157.3 41.305 1622 | 2448 11.09 344
10274168 | -5915148 | 40278 | 15908 | 2444 10.99 3.40
10272806 | 5915258 | 39393 | 15234 | 24.57 11.35 3.16
10271821 | -591529.6 | 38.899 | 148.58 | 24.65 1156 3.02
1027 6.94 5915297 | 38553 | 14788 | 24.62 11.49 3.03
102656.14 | -591547.7 | 39.364 150.6 | 24.64 1153 3.07
10264393 | 5915441 | 40602 | 15627 | 24.60 11.43 321
10263125 | -591547.6 | 41333 | 16001 | 2457 1133 332
102619.51 | -591654 42804 | 16447 | 24.63 11.49 336
10269.18 5916 1.6 45607 | 17357 | 24.67 11.62 351
10275298 | -5916409 | 43626 | 17149 | 2447 11.07 3.64
10274171 | -591648.4 42.14 160.12 | 24.68 11.65 323
10273044 | -5916594 | 40335 | 15598 | 2457 1135 323
102718.69 | -5917638 39319 | 15389 | 24.50 11.14 325
1027 6.95 591733 39.069 | 14941 | 24.64 1154 3.04
10265567 | -591714.1 | 39262 | 14994 | 2465 1156 3.05
10264439 | -591714.1 | 39336 | 15173 | 2459 1139 313
102633.11 | -5917248 | 40307 | 15472 | 2462 1148 3.17
10262136 | -591721 40743 | 157.68 | 24.57 1134 327
10269.14 5917316 | 43274 | 16728 | 2458 1136 346
10274269 | 5918183 | 43978 | 17295 | 24.47 11.07 3.67
10273093 | -591818.6 | 42662 | 160.65 | 24.74 11.81 320
10271918 | -591826 41.47 15678 | 2472 1174 3.4
1027 8.37 5918369 | 40119 | 153.02 | 24.66 11.59 311
10265473 | -5918333 39.37 150.16 | 24.66 11.59 3.05
10264627 | -591844.1 39.16 15005 | 24.63 11.51 3.07
10263357 | -5918512 | 39416 | 15105 | 24.63 11.50 3.09
10262181 | -5918474 | 40159 | 15542 | 2457 1134 322
10269.11 591988 41447 | 15976 | 24.59 11.40 329
102557.82 | -591949 44018 | 16832 | 24.64 1154 343
10273237 | -5919558 | 44512 | 17287 | 2455 1128 3.60
10272108 | -5919595 | 42179 | 16443 | 2452 1121 345
10279.79 59206.8 41.05 157.61 | 24.62 1147 323
102658.02 | -591959.7 | 40.102 | 15343 | 2464 11.53 313
10264532 | -5920105 | 39.098 | 15103 | 2458 1137 312
10263402 | -592017.6 | 39171 | 15062 | 24.61 11.45 3.09
10262179 | -5920138 | 39.608 | 15047 | 24.69 11.66 3.04
10261002 | 5920244 | 40942 | 15674 | 24.64 11.52 320
102559.66 | -592038.6 | 42.673 | 16273 | 24.66 1159 330
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x1075) mag
10254601 | -5920382 | 45391 | 16834 | 2484 12.09 327
10272157 | -592136.7 4429 17057 | 24.60 1142 351
10279.33 5921404 | 42406 | 16269 | 24.62 1149 333
102657.08 | -5921369 | 40823 | 15666 | 24.62 11.48 321
10264672 | -592144.1 | 39835 | 15219 | 24.65 1156 3.10
10263542 | -592151.2 39.37 1492 | 2470 11.70 3.00
102623.17 | -592255 39.676 | 149.64 | 2473 1178 2.99
1026 11.86 | -592212.5 | 40692 | 15279 | 2476 11.86 3.03
102558.67 | -592222.9 4235 158.04 | 24.80 1197 3.10
10 25 46.9 5922118 | 43643 | 16524 | 2471 11.72 332
10253606 | -5922186 | 45715 | 17172 | 2476 11.86 341
1027 9.34 5923104 | 43223 | 169.19 | 2450 11.14 357
1026 58.5 5923213 | 41861 | 16122 | 24.60 11.42 332
10264578 | -592314.1 408 15642 | 2463 11.50 320
10263446 | -5923284 | 40216 | 15332 | 24.66 11.59 311
102623.15 | -592335.5 40.38 150.5 2481 12.00 295
1026 12.3 5923389 | 41186 | 15436 | 2477 11.90 3.05
102558.64 | -5923349 | 42.185 | 15865 | 2475 11.83 315
10254731 | -5923526 | 43246 | 16237 | 2476 11.86 322
10253647 | -592345 44245 | 16841 | 24.67 11.62 341
10252562 | -5923554 | 46572 | 17248 | 2485 1211 335
10272161 | -5924403 | 44.687 | 17435 | 2452 1120 3.66
10271124 | -5924404 | 43246 | 16947 | 2449 11.12 358
10265945 | -592444.1 42.44 16641 | 24.49 1111 352
102647.66 | -5924405 | 41.873 | 16312 | 2453 1122 342
10263492 | -592458.4 41.68 15821 | 24.69 11.67 3.19
10262171 | -59255.4 41.861 157.7 2474 11.80 314
1026 11.81 | 5924581 | 42.378 155.3 24.92 1231 297
1026 0.48 59255 42997 | 15838 | 24.88 1221 3.05
102549.63 | -5925155 | 43592 | 16258 | 24.80 11.98 3.19
102537.36 | -592511.5 | 44.148 167.9 24.68 11.64 339
10252463 | -592511 46089 | 17261 | 2478 11.91 341
10272257 | -5925559 | 44058 | 17382 | 2445 11.01 371
10271125 | -59266.8 42906 | 169.64 | 2443 10.98 3.63
10265992 | -592633 42469 | 16694 | 2447 11.07 354
10264859 | -59266.9 42571 | 16671 | 24.49 11.14 352
10263679 | -592617.6 | 43.008 | 16724 | 2454 1125 3.49
10262499 | -592621.1 | 43.002 | 16588 | 24.59 1139 342
10261272 | -592628.1 | 43.144 164.3 24.67 11.61 333
102559.97 | -592635 43598 | 16273 | 24.80 1197 320
10255053 | 5926383 | 44216 | 164.18 | 24.83 12.06 320
10253825 | -5926415 | 44767 | 16564 | 2485 12.13 321
1025255 5926518 | 46413 | 17008 | 24.92 1231 325
10272307 | -5927223 | 43802 | 17316 | 2444 10.98 371
10271032 | -592736.8 42.77 160.51 | 24.42 10.94 3.64
102659.93 | -592740.5 42.69 169.34 | 2441 10.92 3.65
10264812 | -592740.5 | 43433 | 17076 | 2447 11.07 3.63
10263725 | -592744 43853 | 17178 | 24.49 11.13 3.63
10262355 | -592751.1 | 44103 | 17112 | 2455 11.29 356
10261269 | -59281.7 43961 | 16834 | 24.64 11.52 344
10255899 | -592757.8 | 44307 | 16792 | 2470 1170 337
10254954 | -5928 1.1 44.943 166.3 24.85 1213 322
10253772 | -59287.9 45953 | 16792 | 24.94 1236 3.19
10252591 | -5928146 | 47.934 | 17221 | 2505 12.68 3.19
10272356 | -59293.1 43439 | 17355 | 2437 10.81 378
10271175 | -59296.8 43008 | 169.89 | 24.44 10.99 3.63
1027 1.82 5928561 | 43473 | 169.68 | 2452 11.19 356
102649.06 | -592933 44154 | 17372 | 2447 11.06 3.69
10261455 | -592917.3 | 44364 | 172.68 | 24.53 11.24 361
1026 1.78 5929 35 44,37 170.66 | 24.61 11.44 351
10254949 | 5929311 | 44886 | 17225 | 24.62 11.48 353
1027 14.6 5930332 | 43365 | 17329 | 24.37 10.80 377
1027135 5930333 | 43.706 173.1 24.42 10.95 372
102649.53 | -5930333 | 44897 | 17472 | 2453 11.24 3.65
10255228 | -593112 45.164 174.5 2458 11.36 361
1027372 5931 56.1 44.12 17493 | 2442 10.93 376
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Table 22: The Database of far infrared cavity CCRPAS1 nearby post-AGB star PAGB0655-0217. The
first two columns represent position of the pixels with in the cavity. The next two columns give values
of relative flux density at 60 um and 100 um that have obtained after processing the FITS image using
ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck function and dust
mass for 100 um and visual extinction (in mag) of the corresponding pixels,respectively.

RA.(J2000) | Dec.J2000) | F(60) | F(100) | 1Ig B, T) My Ay
hh mm ss dd mm ss Mly) Mly) (K) (x10716) js~2 (x1028) kg (x1079) mag
65218 -1043.6 221 19.42 20.30 3.30 443 1.39
651 56.61 -1037.1 2.24 19.42 20.37 3.38 4.32 1.35
652223 -1213 2.09 19.35 20.08 3.05 4.77 1.49
651 56.61 -1154.8 2.10 19.07 20.17 3.15 4.56 1.42
65149.7 -1213 2.15 19.22 20.23 322 4.49 1.40
6522.66 -13385 2.03 19.03 20.04 3.01 4.76 1.49
65156.18 -1319.1 2.05 18.90 20.10 3.07 4.62 1.45
65148.84 -13385 2.12 19.02 20.21 3.19 448 1.40
652828 -1592 2.01 19.36 19.93 2.89 5.04 1.58
65218 -14562 2.00 19.03 19.96 2.92 4.89 1.53
651 56.61 -152.7 2.08 18.87 20.18 3.16 4.49 1.41
65148.84 -159.2 2.09 19.11 20.13 3.11 4.62 1.45
652139 -1639.9 2.14 19.34 20.19 3.18 4.58 1.43
6527.85 -1639.9 2.04 19.28 20.01 297 4.88 1.52
65218 -1639.9 2.03 18.97 20.04 3.01 4.74 1.48
65156.18 -16334 2.06 18.71 20.17 3.14 447 1.40
65149.7 -1639.9 2.06 18.99 20.11 3.09 4.63 1.45
6514279 -1639.9 2.20 19.34 20.30 3.30 441 1.38
652741 -1810.6 2.11 19.36 20.12 3.10 4.70 1.47
652 2.66 -1817.1 2.07 18.92 20.14 3.12 4.57 1.43
65156.18 -1823.6 2.06 18.49 20.23 3.21 4.33 1.35
65150.13 -1810.6 2.09 18.99 20.17 3.15 4.54 1.42
6514279 -1810.6 2.13 19.21 20.19 3.17 4.56 1.42
6527.41 -19543 2.14 19.52 20.14 3.12 4.70 1.47
65218 -1947.8 2.13 19.02 20.23 322 444 1.39
65156.61 -19543 2.11 18.53 20.32 3.32 4.20 1.31
65150.13 -1954.3 2.11 18.96 20.20 3.19 4.48 1.40
6514451 -1947.8 2.16 19.25 20.24 3.23 4.49 1.40
651 38.47 -19284 2.29 19.43 20.46 3.49 4.19 1.31
652223 -11125 2.14 19.08 20.25 3.24 4.43 1.38
65156.18 -111185 2.20 18.87 20.41 3.43 4.14 1.30
65149.7 -1 11121 2.19 19.13 20.33 3.34 4.31 1.35
65143.65 -111185 2.28 19.40 20.45 3.47 4.20 1.31
6527.85 -11242.8 221 19.47 20.29 3.28 4.46 1.39
652223 -11236.3 2.11 19.08 20.17 3.15 4.55 1.42
6515532 -112493 2.17 18.96 20.34 3.34 4.27 1.33
651484 -11242.8 2.25 19.36 20.39 341 4.27 1.34
65144.08 -11236.3 2.30 19.50 20.46 3.48 4.21 1.32
65212.6 -11420 2.16 19.37 20.23 3.21 4.53 1.42
6527.85 -11405 2.09 19.20 20.12 3.10 4.66 1.46
652223 -114135 2.03 19.02 20.03 3.00 477 1.49
6515532 -114265 2.11 18.75 20.26 3.26 433 1.35
65149.7 -114135 2.20 19.12 20.35 3.36 4.28 1.34
6514538 -11354.1 2.27 19.51 20.41 3.43 4.28 1.34
65218.22 -11531.2 2.12 19.43 20.13 3.10 4.71 1.47
652 13.46 -115442 2.01 19.08 19.99 2.95 4.86 1.52
652741 -11531.3 1.91 18.82 19.82 2.78 5.09 1.59
652223 -11531.3 1.91 18.72 19.84 2.80 5.02 1.57
65157.04 -11537.7 1.99 18.57 20.06 3.03 4.61 1.44
65150.13 -115442 2.09 18.81 20.20 3.19 4.44 1.39
65144.08 -11531.3 2.12 19.41 20.13 3.10 4.71 1.47
65220.38 -11784 2.07 19.17 20.08 3.05 4.73 1.48
65213.03 -117 149 1.94 18.71 19.92 2.88 4.89 1.53
6527.85 -117 149 1.87 18.50 19.82 2.77 5.02 1.57
652137 -1172 1.87 18.49 19.81 2.77 5.02 1.57
6515575 -1172 1.90 18.34 19.91 2.87 4.80 1.50
65149.27 -11714.9 1.99 18.63 20.03 3.00 4.67 1.46
65143.65 -11721.4 2.10 19.02 20.17 3.15 4.55 1.42
65137.6 -11784 227 19.50 20.41 3.42 4.29 1.34
6525538 -11832.6 1.83 19.50 19.51 2.47 5.94 1.86
65249.33 -11826.2 1.90 19.20 19.72 2.68 5.40 1.69
6524285 -11839.1 1.96 19.11 19.86 2.82 5.10 1.59
6523723 -11852.1 2.03 19.27 19.99 2.95 4.91 1.53
65231.18 -11845.6 2.10 19.35 20.10 3.07 4.74 1.48
652247 -11845.6 2.07 19.27 20.07 3.04 4.77 1.49
652 19.08 -11832.7 2.04 18.97 20.07 3.04 4.70 1.47
652139 -11832.7 1.99 18.59 20.05 3.02 4.63 1.45
6527.85 -11839.2 1.85 18.37 19.80 2.75 5.02 1.57
652093 -11852.1 1.77 18.36 19.62 2.58 5.35 1.67
6515575 -11845.6 1.87 18.37 19.85 2.80 4.93 1.54
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213



Table 22 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
6515056 118456 1.97 18.64 19.99 295 475 149
65143.65 -11845.6 207 19.14 | 20.10 3.07 468 146
6513846 118392 2.14 1944 | 20.16 3.14 4.66 1.46
6525452 12098 1.83 19.52 19.50 247 595 1.86
6524847 120228 1.86 18.96 19.69 2.65 538 1.68
6524198 12099 1.89 18.77 19.79 274 5.15 1.61
652368 112099 1.88 1878 19.76 272 520 1.62
65231.61 12099 1.92 1876 19.86 2.82 5.00 1.56
6522643 120164 1.92 18.83 19.85 281 5.04 1.58
6522038 12034 1.94 18.84 19.89 2.85 497 1.55
65213.03 120164 1.93 18.51 19.94 2.90 4.80 1.50
6526.55 120293 1.81 18.45 19.69 2.65 524 1.64
652093 120228 173 1829 19.55 251 5.49 1.72
65155.75 120228 1.89 18.35 19.88 2.84 4.86 1.52
6514883 120164 2.00 18.57 20,07 3.04 4.60 1.44
6514408 120164 2.09 1906 | 20.15 313 458 143
65138.03 12034 2.14 1936 | 20.18 3.17 4.60 1.44
653143 1220 1.93 19.50 19.73 2.69 545 1.70
6525538 12265 1.77 19.28 19.43 240 6.05 1.89
65248.9 12147 1.79 18.79 19.58 254 5.56 1.74
6524242 -12140.6 1.76 1835 19.60 2.56 539 1.69
65235.94 121535 1.72 18.17 19.54 2.50 547 171
6523032 121471 1.81 18.40 19.70 265 521 1.63
652247 121406 191 18.66 19.85 2381 5.00 1.56
65219.08 121471 1.88 1870 19.79 274 5.12 1.60
652113 121471 1.92 18.42 19.94 2.90 477 1.49
6525.69 121536 1.80 1845 19.66 2.62 531 1.66
6520.07 121536 171 1830 19.50 247 558 175
6515445 121536 1.82 18.38 19.73 2.69 5.14 1.61
6514927 121471 1.96 18.84 19.92 2.88 492 1.54
6514278 121536 2.13 1904 | 2022 321 4.46 139
65137.17 121341 221 19.25 2034 335 43 1.35
65130.69 121471 227 19.45 2042 343 426 1.33
65125.07 121341 230 1936 | 2049 353 413 129
6512075 121406 228 1943 2043 345 423 1.32
6525495 123178 1.77 19.25 19.42 239 6.05 1.89
6524933 123113 1.74 18.59 19.50 247 5.67 177
6524371 122583 171 18.10 19.54 2.50 544 1.70
6523723 123178 1.68 17.97 19.49 246 550 1.72
65229.89 123243 1.79 18.06 19.73 2.69 5.06 1.58
6522427 123243 1.86 1835 19.83 278 495 155
65219.08 123243 1.87 18.41 19.82 278 4.99 1.56
65212.17 12348 1.87 18.40 19.83 278 497 1.55
652526 123243 1.81 18.24 19.75 270 5.08 1.59
6515834 123113 176 18.45 19.58 254 547 1.71
6515445 123178 176 1845 19.58 254 547 171
6514927 1231738 1.95 18.65 19.95 291 4.83 1.51
6514278 123178 2.10 1872 | 2024 323 436 1.36
65137.6 123438 2.17 18.97 2032 333 429 1.34
6513155 123113 223 19.19 | 2041 342 422 1.32
651255 123178 227 19.11 20.49 352 408 128
6512075 123113 2.17 19.02 | 2031 331 432 135
6511297 123113 211 1936 | 20.11 3.09 472 148
6525495 12514 175 19.30 1938 235 6.17 1.93
6524847 12442 173 18.67 19.45 242 5.80 1.81
6524155 12515 171 18.04 19.55 251 541 1.69
65236.8 12455 1.67 17.88 19.49 245 5.48 171
6523075 12455 1.70 17.91 19.57 253 533 1.67
65223.84 124485 176 18.17 19.63 259 527 1.65
65218.65 124485 1.80 18.08 19.74 270 5.04 1.58
6521174 12442 1.77 18.10 19.68 2.64 5.16 1.61
652482 12442 1.67 17.97 19.48 2.44 5.54 173
6515921 124356 1.67 18.19 19.43 2.40 571 178
65154.02 124485 1.72 18.26 19.52 248 553 173
651484 12442 1.89 18.08 19.94 2.90 4.69 147
6514278 124356 1.88 18.32 19.87 2.82 4.88 1.53
651363 124485 1.99 1859 | 2005 3.02 463 145
6513241 124485 1.98 1878 19.99 295 479 1.50
6512636 12515 1.99 18.83 20.00 297 478 1.49
6511945 125144 2.00 1884 | 2002 298 475 1.49
6511297 124485 1.99 19.08 19.93 2.89 4.96 155
651476 124485 2.00 19.38 19.90 2.86 5.09 1.59
6525581 126257 176 1931 19.41 238 6.11 1.91
65248.9 -12619.2 1.70 18.67 19.40 237 592 1.85
6524242 126322 1.70 18.08 19.52 248 5.48 171
652355 126127 1.66 17.93 19.46 243 555 173
6522945 12619.2 1.66 17.86 19.46 243 553 173

continued on next page

214




Table 22 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
652247 126192 1.68 18.02 19.47 244 555 1.74
65219.08 126192 1.70 17.92 19.55 251 537 1.68
652126 126257 1.67 17.82 19.50 247 543 1.70
6526.12 -12619.2 1.68 1778 19.53 249 537 1.68
65205 12663 159 17.92 19.30 229 5.89 1.84
6515359 126257 1.62 17.85 1937 234 573 1.79
6514883 -12619.2 173 17.91 19.64 259 5.19 1.62
65143.65 126128 1.72 17.92 19.60 256 527 1.65
65138.03 12619.2 177 1830 19.62 258 533 1.67
65131.12 -12619.2 1.82 18.40 19.73 2.69 5.15 1.61
651268 126257 1.83 1875 19.67 2.62 537 1.68
65119.88 12619.2 1.85 18.76 19.70 2.65 531 1.66
65111.67 126127 1.89 19.07 19.74 2.69 533 1.67
6515.62 126192 1.94 19.28 19.78 274 5.29 1.66
65058.71 125598 1.98 19.54 19.83 279 527 1.65
65323 127564 1.81 19.40 19.49 246 5.93 1.86
6525495 12893 1.69 19.21 19.26 225 6.43 2.01
65250.63 127564 171 1870 19.40 237 593 1.85
6524285 12737 1.74 18.40 19.55 251 551 1.72
6523637 127564 1.68 18.15 19.45 242 5.64 176
65231.18 12894 1.67 18.06 19.45 242 5.62 176
652247 127435 1.69 18.06 19.50 246 552 173
6521952 127564 1.68 17.96 19.49 245 550 1.72
65212.17 127435 1.65 1771 19.49 245 543 1.70
6526.12 12829 1.63 17.68 19.45 241 551 172
65218 127564 151 17.52 19.18 218 6.06 1.89
6515445 12737 1.51 17.52 19.18 218 6.04 1.89
6514883 127564 1.60 17.59 19.39 236 5.60 175
65144.08 12750 1.62 17.46 19.47 2.44 539 1.68
65137.6 12750 1.65 17.90 19.44 2.40 5.60 175
6513285 127435 1.71 18.12 19.52 2.49 5.48 1.71
6512507 127564 174 18.49 19.53 249 557 1.74
6512031 12737 1.81 18.69 19.64 2.59 542 1.70
651134 12737 1.83 19.06 19.60 256 561 175
651692 12737 1.86 19.17 19.65 261 553 1.73
6505957 127175 1.96 19.37 19.82 277 525 1.64
653748 129206 1.89 19.36 19.66 262 5.56 1.74
653143 129206 1.74 1928 1937 234 6.19 1.94
6525495 129141 1.70 19.12 1931 229 6.28 1.96
652502 129336 172 18.94 19.38 236 6.04 1.89
6524285 129206 178 1870 19.56 252 558 174
65237.67 1291422 172 1835 19.50 247 5.60 175
65231.18 129207 1.66 18.22 19.40 237 579 1.81
6522557 129207 1.64 18.03 19.39 237 573 1.79
6521952 12927.2 1.63 17.78 19.41 238 5.61 175
65213.03 129207 1.60 17.44 19.42 239 5.49 1.72
652785 129207 1.59 17.37 19.41 238 5.49 1.72
652093 129142 1.43 17.40 18.99 2.02 6.49 2.03
6515532 129142 1.36 17.16 18.88 1.93 6.68 2.09
65149.7 129142 1.51 17.25 19.24 2.23 5.81 1.82
6514278 -12920.7 1.56 17.31 19.35 233 559 175
65138.03 -12927.2 1.56 17.59 19.30 228 579 1.81
6513198 1129336 159 18.03 19.27 226 6.00 1.88
6512636 1291422 1.68 18.18 19.45 241 5.66 177
65119.02 1291422 175 18.52 19.53 249 559 175
65113.83 129271 1.80 19.01 19.56 252 5.68 177
6517.35 12977 1.85 19.45 19.56 252 581 1.82
6537.48 -13057.8 1.87 1935 19.63 259 5.62 176
6531 130449 173 19.08 1938 235 6.10 1.91
65254.95 -13057.8 1.65 19.00 19.22 221 6.47 2.02
65248.9 130449 171 18.94 19.36 233 6.11 1.91
6524285 130514 176 18.76 19.51 248 570 178
65238.1 130449 1.68 1835 19.42 239 577 1.81
6523118 130514 1.59 18.13 1925 223 6.10 191
6522557 -13057.9 1.56 17.87 19.23 222 6.05 1.89
65219.08 130514 1.56 17.71 19.26 225 592 1.85
6521347 13144 1.53 17.28 19.29 228 571 1.78
652742 -13044.9 1.51 1722 19.25 224 579 1.81
652093 130514 1.40 17.19 18.96 2.00 6.48 203
6515532 130514 132 16.99 18.80 1.87 6.82 213
65150.13 13144 143 17.15 19.04 2.06 6.25 1.95
6514322 13144 152 1724 19.28 226 573 1.79
6513846 -13057.9 157 17.41 1937 234 559 175
6513198 -13057.9 153 1775 19.19 2.19 6.10 1.91
6512593 130384 1.63 18.19 1933 231 592 1.85
6511945 130384 173 18.38 19.52 248 557 174
6511383 130384 1.80 19.13 19.52 248 579 1.81
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Table 22 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
653749 132285 178 19.26 19.46 242 5.98 1.87
6530.57 1322211 1.74 18.97 19.43 240 595 1.86
65253.66 132221 1.63 18.93 19.16 2.16 6.58 2.06
6524977 132286 1.66 18.99 1923 222 6.43 201
65244.15 132156 175 18.64 19.51 247 5.68 177
65237.24 -1329.1 1.68 1835 19.40 238 581 1.82
65231.19 132221 155 18.18 19.14 2.14 6.39 2.00
65225.14 132221 1.49 17.89 19.06 2.08 6.48 2.03
6521952 1322211 153 17.63 19.22 221 6.00 1.88
6521347 132221 153 17.25 19.28 227 573 179
6527.42 13292 150 17.26 19.21 221 5.88 1.84
652093 132221 135 17.18 18.84 1.90 6.80 2.13
6515445 132286 131 17.07 18.75 1.83 7.00 2.19
65149.7 132221 1.38 17.12 18.93 1.97 6.54 2,04
6514365 13292 152 17.15 19.29 228 5.67 177
65138.03 132156 1.53 17.04 19.35 233 551 1.72
6513068 13292 1.49 17.68 19.10 2.11 6.29 1.97
65125.07 -1329.1 1.62 18.17 19.30 229 5.98 1.87
6511858 13291 1.74 18.50 19.52 249 559 175
6511297 13227 1.80 19.40 19.47 244 5.99 1.87
653878 133592 1.83 19.16 19.58 254 5.67 177
6531.87 133593 175 18.89 19.47 243 5.83 1.82
65254.95 133463 1.60 18.83 19.14 2.14 6.61 2.07
6524977 133593 1.67 18.83 19.30 228 6.22 1.94
6524242 133528 1.70 18.57 19.42 239 5.84 1.83
6523853 133463 1.64 1833 19.32 230 6.00 1.87
65231.62 133528 1.55 1826 19.11 2.12 6.47 2.02
6522557 133528 151 18.15 19.04 2.06 6.61 2.07
65219.09 133528 1.58 17.92 1927 225 5.99 1.87
65213.47 133528 155 17.62 1927 226 5.87 1.84
6526.55 133464 151 17.60 19.17 2.17 6.10 191
65218 133593 1.37 17.26 18.87 1.92 6.75 211
65154.88 133593 131 17.11 18.74 1.82 7.06 221
6514883 133593 1.34 16.94 18.85 1.91 6.68 2.09
65143.65 133593 145 16.97 19.13 2.14 597 1.87
65138.03 133464 145 16.94 19.16 2.16 591 1.85
65132.84 133464 145 17.58 19.00 2.03 651 2.04
651255 133334 155 18.21 19.14 2.15 6.38 2.00
65119.88 133334 1.68 18.68 1935 233 6.03 1.89
651134 133139 1.82 19.40 19.51 247 5.90 1.84
6537.49 135235 1.86 19.14 19.64 2.60 5.54 173
6531.87 13517 1.70 18.85 1935 233 6.09 1.90
6525452 13517 1.59 18.75 19.12 2.12 6.64 2.08
6524847 1354.1 1.67 18.83 19.28 227 6.24 1.95
6524329 135106 1.69 18.51 19.41 238 5.85 1.83
6523853 135235 1.68 1845 19.38 236 5.89 1.84
6523205 135171 158 18.49 19.15 215 6.45 2,02
6522557 13517.1 157 18.34 19.15 2.16 6.40 2.00
6521952 135236 1.65 1826 19.36 234 5.87 1.83
65213.04 -13510.6 1.60 17.99 19.31 229 591 1.85
652828 135171 1.54 17.83 19.20 2.19 6.11 191
652093 135171 1.46 1748 19.07 2.09 6.30 1.97
6515532 135171 138 17.07 18.94 1.98 6.47 2.02
6514927 135171 1.38 1691 18.97 201 6.34 1.98
65143.65 135236 143 16.77 19.13 2.14 5.90 1.84
65138.03 -13530 1.38 16.97 18.97 2.00 6.38 1.99
6513198 135171 138 17.39 18.85 1.91 6.84 2.14
6512636 -13510.6 1.49 17.98 19.04 2.06 6.56 2.05
6511945 134511 1.66 18.57 1933 231 6.05 1.89
6537.06 136542 1.86 19.33 19.62 257 5.65 1.77
6531.44 136542 175 19.12 19.41 238 6.05 1.89
6525539 136542 1.64 19.07 19.16 2.16 6.64 2.08
6524891 1364738 1.69 19.09 19.28 226 6.34 1.98
6524329 136542 178 18.91 19.52 248 572 1.79
6523853 136478 1.80 18.90 19.56 252 5.63 1.76
6523205 136478 1.68 18.93 19.28 227 6.28 1.96
6522557 136413 1.67 18.82 19.29 227 6.23 1.95
6521952 136478 1.74 18.68 19.48 244 574 1.80
65212.17 136478 1.66 1830 19.39 236 5.83 1.82
652742 136348 155 17.88 19.20 2.19 6.13 1.92
652093 136284 149 17.51 19.14 2.14 6.14 1.92
65154.88 136348 1.40 16.98 19.00 2.03 630 1.97
65150.13 136284 133 16.93 18.84 1.90 6.69 2.09
65144.08 136478 138 16.79 18.99 2.02 6.24 1.95
65138.03 136219 132 16.82 18.82 1.89 6.71 2.10
6513371 136348 134 17.50 18.74 1.83 7.20 225
6512679 136413 150 17.85 19.09 2.10 6.38 1.99

continued on next page

216




Table 22 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
6511945 136219 1.59 18.44 19.19 2.19 6.33 1.98
651134 136219 171 19.21 19.30 228 633 1.98
6523745 138838 1.93 19.48 19.73 2.68 5.46 171
65231.84 138153 1.81 19.34 19.51 247 5.88 1.84
6522535 13855 176 19.09 19.43 2.40 5.98 1.87
65218.44 13812 1.77 18.89 19.50 247 576 1.80
6521347 137591 1.68 18.46 19.39 236 5.87 1.84
652699 137558 151 17.91 19.11 2.12 6.37 1.99
6521.15 137558 146 1745 19.07 2.08 630 197
6515424 137461 129 16.93 1873 1.82 7.00 2.19
6514927 137591 131 16.84 18.80 1.87 6.77 2.12
65143.86 13823 136 16.75 18.95 1.99 633 1.98
6513825 137591 131 16.95 1878 1.85 6.88 215
65131.98 13823 1.39 17.60 18.86 1.92 6.91 2.16
6512593 -13759.1 152 1791 19.12 2.13 6.33 1.98
65120.09 138838 1.55 1835 19.11 2.12 6.50 2.03
6511426 13855 1.69 18.99 19.29 228 6.27 1.96
6518.64 138185 1.79 19.50 19.42 239 6.13 1.92
652247 -13958.9 1.86 1935 19.60 256 5.68 178
65219.95 139427 1.82 18.88 19.63 259 5.49 1.72
65213.68 139395 1.64 18.44 19.30 228 6.07 1.90
652828 139363 152 17.85 19.12 213 630 1.97
6521.37 139298 1.44 1733 19.05 2.07 630 1.97
6515532 -13933 131 16.98 18.75 1.84 6.95 2.17
6515056 -13933 129 16.98 18.72 1.81 7.05 221
65143 139266 1.41 17.05 19.02 205 6.26 1.96
65137.81 139298 1.39 17.30 18.90 1.95 6.68 2.09
6513133 139363 1.49 17.69 19.10 211 6.30 1.97
65126.14 139265 1.57 18.12 19.20 220 6.20 1.94
65119.66 139395 1.64 18.45 19.29 227 6.11 191
6511383 139395 1.67 18.81 1930 228 6.19 1.94
6517.78 139298 1.76 19.17 19.43 2.40 6.02 1.88
65224.49 141199 1.95 19.50 19.78 273 537 1.68
65219.09 141167 1.84 19.11 19.62 258 558 1.74
65213.68 141102 1.68 18.69 19.34 232 6.07 1.90
6527.63 141135 1.57 18.10 19.21 220 6.18 1.93
6522.02 141102 152 17.68 19.17 217 6.12 1.91
6515553 1417 136 17.44 18.80 1.87 7.02 2.19
651497 141102 134 1729 18.78 1.86 7.00 2.19
6514278 1417 143 17.41 18.99 2.02 6.48 2.03
65137.6 14138 146 1743 19.07 2.09 6.28 1.96
6513219 14138 151 17.83 19.10 211 635 1.98
65125.06 1417 1.60 18.11 19.29 227 6.00 1.88
65119.88 1417 1.63 1835 19.29 227 6.07 1.90
6511383 1417 1.66 18.53 1933 231 6.03 1.89
6517.99 14057.2 171 18.90 1937 234 6.06 1.90
6512.16 140572 177 19.32 19.42 239 6.08 1.90
65219.95 142474 1.89 19.36 19.68 2.63 5.53 1.73
652139 142377 1.80 19.02 19.55 251 570 1.78
652785 14241 1.69 18.52 19.41 238 5.85 1.83
652158 14241 1.65 18.13 19.40 237 576 1.80
6515532 142312 147 17.93 18.99 2.02 6.67 2.09
65149.05 142345 139 17.76 18.82 1.89 7.07 221
6514235 14241 148 17.88 19.03 2.05 6.56 2.05
6513738 142377 151 17.88 19.09 2.10 6.39 2.00
6513155 142377 1.56 18.00 19.20 220 6.17 1.93
65125.06 142442 158 1821 19.20 2.19 6.24 1.95
65119.44 142442 1.57 1825 19.17 2.17 633 1.98
6511339 142377 1.61 18.44 19.24 223 6.23 1.95
651778 142312 1.72 18.66 19.43 2.40 5.85 1.83
6511.94 14228 178 19.17 19.47 2.44 591 1.85
65213.04 14484 1.90 19.43 19.68 2.63 555 173
652699 14452 178 19.15 19.48 2.44 5.89 1.84
6521.58 14452 171 18.82 1938 235 6.01 1.88
6515596 1442 158 18.49 19.15 215 647 2,02
65148.19 14484 1.49 18.23 18.97 2.00 6.84 2.14
6514343 14484 1.58 18.38 19.17 2.17 6.37 1.99
65137.6 1442 1.60 1823 19.26 225 6.10 1.91
6513198 143587 1.60 18.16 19.27 226 6.05 1.89
65124385 144117 1.58 18.14 19.23 222 6.14 1.92
65119.66 14419 156 1823 19.15 2.15 6.37 1.99
65112.96 14419 158 18.40 19.17 2.17 6.37 1.99
651842 14484 1.64 18.56 19.28 226 6.17 1.93
6511.94 143554 1.70 18.98 19.34 231 6.17 1.93
650 55.89 14484 174 1920 1937 235 6.15 1.92
652699 145359 1.82 19.44 19.51 247 592 1.85
6522.02 145359 173 19.20 19.34 232 6.22 1.95
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
6515553 145294 1.63 18.87 19.19 2.19 6.49 2.03
6514927 145359 1.58 18.69 19.11 2.12 6.64 208
6514321 145392 1.63 18.63 1923 222 6.30 1.97
6513652 145392 1.68 18.55 1937 235 5.94 1.86
6513155 145327 1.70 18.40 19.45 241 573 1.79
6512485 145359 1.63 18.41 19.28 226 6.12 1.91
6512096 145359 1.66 18.58 1931 229 6.10 1.91
651 14.47 145359 1.70 18.57 19.41 238 5.87 1.83
6517.34 -14539.1 173 18.74 19.44 241 5.86 1.83
6511.29 145424 1.72 19.02 19.36 233 6.13 1.92
650 56.32 145326 1.69 19.08 1927 226 635 1.99
650 49.62 145326 1.77 19.38 19.41 238 6.13 1.92
65154.88 14766 1.80 19.43 19.45 242 6.04 1.89
65149.05 147164 1.70 19.21 1927 226 6.40 2.00
6514365 14799 1.68 18.83 1931 2.29 6.17 1.93
6513652 14734 176 18.83 19.50 247 574 1.79
6513133 14766 1.73 18.59 19.49 245 571 1.78
651242 147131 173 18.74 19.44 241 5.85 1.83
65119.66 14734 1.76 18.83 19.50 247 574 1.79
6511361 -14653.6 1.77 19.10 19.47 243 591 1.85
651821 14766 1.84 1921 19.59 255 5.66 177
6513.02 14734 178 19.18 19.48 244 591 1.85
6505632 -14656.9 178 1926 19.44 241 6.01 1.88
6505005 -1470.1 1.81 19.41 19.48 244 597 1.87
6514343 148503 1.76 19.15 19.43 2.40 6.00 1.87
6513824 148438 1.77 18.94 19.50 247 577 1.80
651309 148341 178 18.61 19.58 254 551 172
65124.63 148341 1.77 18.78 19.53 2.49 5.66 177
65119.88 14827.6 1.80 18.98 19.55 251 570 178
6511426 148276 1.79 19.34 19.47 243 5.98 1.87
651324 148276 1.86 19.49 19.57 253 578 1.81
65056.1 148243 1.81 1935 19.50 247 5.90 1.84
65050.05 14834 1.81 19.47 19.48 245 5.98 1.87
6514343 150113 1.73 1922 19.35 2.33 6.21 1.94
6513673 15048 1.74 18.83 19.44 241 5.87 1.84
6513046 150 1.6 1.74 18.63 19.49 245 571 178
6512528 149583 1.77 18.64 19.56 252 557 1.74
65119.44 15048 178 19.07 19.49 246 5.83 1.82
6511534 149518 1.84 19.51 19.52 249 5.90 1.84
65053.94 149486 1.82 19.54 19.48 245 6.01 1.88
65048.97 15015 1.81 19.51 19.46 243 6.05 1.89
65143 151388 1.69 19.04 19.28 227 631 1.97
65136.51 151355 1.72 18.67 19.45 241 581 1.82
6513133 151388 173 18.48 19.51 247 5.62 176
65124.84 151388 176 18.49 19.57 253 550 172
65120.09 1513838 1.81 19.12 19.55 251 573 1.79
65049.62 151225 1.81 19.50 19.47 244 6.02 1.88
65143 152565 1.69 19.05 19.30 228 6.28 1.96
6513738 15363 176 18.56 19.56 252 5.53 1.73
6513133 15363 1.83 18.65 19.69 265 529 1.65
65125.06 15363 1.86 18.62 19.77 272 5.14 1.61
65118.15 15362 1.85 1923 19.62 257 5.62 176
65144.08 -15437 173 19.08 19.37 235 6.11 1.91
6513673 -15437 1.77 18.88 19.50 246 576 1.80
6513068 154337 1.90 18.83 19.80 2.76 5.14 1.61
6512571 -15440.2 1.92 18.92 19.83 279 5.10 1.59
65119.66 154305 1.95 19.36 19.79 274 531 1.66
6514278 -1567.7 1.85 1935 19.59 255 572 1.79
6513738 1567.7 1.86 19.16 19.65 261 553 173
65131.11 155547 2.00 19.20 19.93 2.89 5.00 1.56
65124.63 -15558 2.02 1923 19.96 2.92 495 155

Table 23: The Database of far infrared cavity CCRPAS2 nearby post-AGB star PAGB0803-3635. The
first two columns represent position of the pixels with in the cavity. The next two columns give values
of relative flux density at 60 ym and 100 pum that have obtained after processing the FITS image using
ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck function and dust
mass for 100 um and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) | Dec.(J2000) | F(60) | F(100) Ty B(v,T) Mg Ay

hh mm ss dd mm ss MJy) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag

833037 -36 44 54.9 4.78 30.98 21.71 5.23 9.36 1.39

8339.05 3646 14.2 4.79 30.64 21.77 5.33 9.08 135

8331.26 3646 17.7 4.70 30.14 21.75 5.30 8.99 1.34
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
832377 3646 21.1 477 30.78 2173 526 923 137
834743 3647 40.7 477 30.61 21.76 530 9.11 136
833844 3647514 4.65 2986 | 2175 530 8.89 1.32
8331.54 3647513 4.62 2966 | 2175 530 8.84 1.32
832375 3647547 4.67 29.85 21.77 533 8.84 1.32
8316.86 3647474 481 3090 | 2175 529 922 137
84165 3649 10.8 4.86 3092 | 21.80 537 9.09 135
848.11 3649 18 482 30.33 21.85 5.46 8.77 131
84121 36497.2 471 3016 | 2176 531 8.96 133
8354.02 3649 14.4 464 30.08 21.70 521 9.11 1.36
8346.82 3649 17.9 455 29.53 21.70 522 8.94 133
8339.03 3649322 4.60 29.38 2177 533 8.70 1.30
833093 3649285 458 29.41 2175 529 8.78 131
832434 364924.7 461 29.71 21.73 5.26 8.92 133
831594 3649353 471 30.53 21.71 523 922 137
84393 -365026.1 4.86 30.87 21.80 537 9.07 1.35
84318 3650263 473 3019 | 2178 534 8.93 133
8424 3650335 4.66 29.88 21.76 530 8.90 1.32
8416.51 365033.6 462 29.73 21.74 527 8.90 133
84931 3650 40.8 459 2940 | 2176 531 8.75 1.30
84151 3650 44.4 458 2939 | 2175 530 8.76 1.30
835431 3650 44.4 457 2954 | 2172 524 8.90 133
8346.52 3650479 4.59 29.41 21.76 531 8.74 1.30
8339.62 3650 47.8 459 2922 | 2179 536 8.60 128
8331.52 3650513 4.60 29.33 21.79 536 8.65 1.29
8324.62 365051.1 4.66 29.78 2177 533 8.83 131
8316.83 3650 54.6 476 30.43 2178 534 9.01 1.34
85177 3651335 474 30.75 21.70 522 931 1.39
8599 365141 474 30.78 21.70 521 933 1.39
851.8 3651 44.8 486 3100 | 2178 534 9.17 136
8446.81 3651 48.8 483 30.61 21.81 5.40 8.96 133
843931 3651525 473 3042 | 2174 528 9.10 1.35
843151 3651563 465 3009 | 2172 524 9.07 1.35
842461 3651563 4.68 3004 | 2175 529 8.96 133
8416.51 3651 56.4 4.67 29.91 21.76 531 8.90 133
84931 36520 4.67 2969 | 21.80 537 8.74 1.30
84151 3652108 472 29.67 21.86 547 8.56 127
835491 3652 14.4 471 29.67 21.85 545 8.60 128
834741 3652143 470 2974 | 21.83 542 8.67 129
8340.81 3652106 4.66 2950 | 21.82 541 8.60 128
833091 3652249 470 2974 | 21.82 541 8.67 129
8325.51 3652212 474 30.27 21.78 534 8.96 133
831771 365224.6 484 3079 | 21.80 537 9.06 135
8516.22 36537.2 478 30.95 2171 524 934 1.39
859.02 365311 477 30.67 2174 528 9.17 137
85122 365322 471 3069 | 21.68 5.19 934 1.39
845432 365315 477 3070 | 2174 527 9.19 137
8447.42 36 5329.6 473 3042 | 2174 528 9.10 135
843932 3653 26.1 471 3047 21.72 524 9.18 1.37
8431.82 3653263 476 3072 | 2172 525 9.24 1.38
842461 3653263 4.89 30.77 21.85 5.46 8.91 133
8416.81 3653228 501 31.18 21.90 555 8.88 1.32
841021 3653264 4.99 3119 | 21.88 551 8.94 133
84271 3653228 5.02 3074 | 2198 5.68 8.54 127
835521 3653372 4.89 30.15 21.95 5.62 8.47 1.26
83477 3653407 477 3009 | 21.84 545 8.72 1.30
8339.6 3653 40.6 474 2982 | 2185 5.46 8.63 128
83327 3653 47.7 472 30.18 21.78 534 8.93 133
8510.84 3654 40.9 474 30.67 2171 523 9.26 138
852.14 3654 44.8 4.66 30.51 21.65 5.13 939 1.40
845434 3654 48.6 4.69 30.58 21.67 5.17 935 1.39
844803 3654 48.8 477 30.55 2177 532 9.07 135
844053 3654489 483 30.81 21.79 535 9.09 135
843242 3654454 5.06 31.65 21.88 551 9.08 135
842522 36553.5 5.14 32.05 21.90 553 9.14 1.36
8417.12 36 54 56.4 538 3280 | 2201 573 9.04 135
841021 3654564 5.61 3349 | 2211 5.90 8.96 133
842.11 36550 550 N4 | 217 6.01 8.53 127
83549 36557.2 5.16 3079 | 22.11 5.90 8.23 123
8348 3655 14.3 4385 30.11 21.92 557 8.53 127
8340.79 3655 17.8 471 30.08 21.78 534 8.90 133
8333.59 3655213 4.83 3044 | 2185 545 8.82 131
859.66 3656 3.8 474 30.65 21.71 523 925 138
85336 3656 18.4 472 3059 | 2170 522 9.26 138
8455.55 3656 25.8 476 30.81 2172 524 929 138
844745 3656 18.8 487 312 | 2178 534 9.20 137
843934 -36 56 26.1 5.02 3154 | 2186 547 9.11 136
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
843333 3656262 5.19 22 | 2192 557 9.13 1.36
842553 3656 37.1 554 33.68 22,02 575 925 138
84 18.02 -36 56 30 6.03 3450 | 2233 6.29 8.66 129
84991 -36 56 30 633 34.98 2.52 6.64 832 1.24
84271 3656372 591 3374 | 2234 6.32 8.44 1.26
83564 3656 40.8 534 3132 | 2220 6.06 8.16 121
8349.79 3656335 479 29.93 21.89 552 8.56 127
8341.08 3656 44.2 4.68 2986 | 2178 534 8.83 132
8331.77 3656 51.3 484 30.51 21.84 545 8.84 132
8518.69 3657299 477 30.58 21.76 530 9.11 1.36
859.68 3657338 470 30.25 2174 527 9.06 135
85308 3657376 470 3046 | 2171 523 9.20 137
845557 3657414 484 3104 | 2176 531 923 137
844836 365738 5.05 31.51 21.89 553 9.00 1.34
8440.55 3657453 5.13 3186 | 2191 556 9.05 135
8433.04 3657454 529 3243 21.98 5.67 9.03 135
842583 3657 52.7 572 3346 | 2221 6.08 8.69 1.29
8418.02 3657 56.4 6.09 3466 | 2236 6.34 8.63 128
841021 36583.6 6.17 34.85 22.40 6.42 8.57 1.28
84331 36583.6 559 3302 | 2217 6.01 8.68 129
83555 3657 52.8 5.08 3116 | 2198 5.67 8.68 129
8348.89 36587.1 470 2960 | 21.85 5.46 8.56 128
834228 3658 17.8 4.80 29.58 21.96 5.64 829 123
833326 3658213 4.90 3019 | 21.96 5.63 8.46 1.26
8534.04 36592.8 481 3084 | 2176 531 9.17 136
852623 365968 464 30.28 21.67 5.16 9.26 138
851842 3659 10.7 456 2972 | 2167 5.17 9.08 135
85112 36 58 56.5 454 29.81 21.64 5.12 9.19 137
852.19 3659 14.8 461 30.18 21.66 5.15 9.26 1.38
845679 3659 11.4 481 30.75 2177 533 9.11 136
844927 3659 15.1 5.02 31.41 21.88 5.50 9.02 1.34
8441.16 3659225 5.10 31.78 21.90 5.54 9.06 135
843395 -365929.8 521 202 | 2197 5.66 8.93 133
842674 3659299 535 3281 21.98 5.68 9.13 136
8418.63 3659264 559 33.51 22.10 5.88 9.1 1.34
841232 365922.8 536 32.57 22,03 576 8.93 133
8439 -3659 30 5.07 31.47 21.92 557 8.92 133
8355.19 3659 40.8 4.80 30.03 21.88 551 8.61 128
834948 3659 40.7 4.90 29.25 2.12 591 781 1.16
834047 3659442 511 2019 | 2234 631 730 1.09
833235 3659333 515 3004 | 2223 6.12 776 115
8541.28 370325 478 3056 | 2177 533 9.06 135
853347 370365 463 29.85 21.73 526 8.95 133
852595 370368 452 29.63 21.65 5.13 9.13 136
851844 37037.1 441 2920 | 21.60 5.06 9.11 1.36
8510.63 370373 441 2920 | 21.60 5.05 9.12 1.36
853.11 370376 455 29.77 21.66 5.15 9.13 136
845638 370414 471 30.25 21.75 5.29 9.04 1.35
844929 370415 486 30.84 | 2181 539 9.04 135
844177 37038.1 5.00 3119 | 21.89 553 8.91 133
843426 37056.2 5.03 3143 21.88 551 9.1 1.34
8426.15 370563 5.06 31.48 21.91 5.56 8.95 133
841893 37136 515 31.68 21.97 5.65 8.85 1.32
8411.72 37136 5.09 3122 | 2198 5.67 8.70 129
8445 37136 4.90 3032 | 2194 5.60 8.54 127
83 56.69 3710 4.83 2979 | 2195 5.63 836 125
834948 37171 5.03 2940 | 2222 6.09 7.62 113
8342.56 371178 5.19 29.37 22.39 6.39 725 1.08
8333.84 371213 5.19 3034 | 2223 6.10 7.85 117
854942 37144, 4.69 30.37 21.70 522 9.19 137
854191 371517 4.67 3009 | 2174 527 9.01 1.34
853349 37228 457 29.61 21.70 522 8.96 133
8526.88 372103 451 29.25 21.70 522 8.85 132
851876 371599 442 29.07 21.63 5.10 9.00 134
851155 37273 439 29.15 21.59 5.04 9.13 1.36
854.03 37276 452 29.53 21.67 5.16 9.03 1.34
8457.12 372113 468 3014 | 2174 528 9.02 1.34
8449 372115 482 3040 | 21.84 545 8.81 131
8441.79 372117 4.98 3070 | 21.96 563 8.61 1.28
843397 372154 4.94 30.68 21.91 5.56 8.71 130
842675 372299 4.93 3056 | 21.92 557 8.66 129
8420.14 372264 4.93 30.38 21.96 5.64 8.51 127
8411.72 372264 498 3039 | 22.00 571 8.40 125
84541 372264 4.96 30.23 22,01 572 834 124
8356.39 372372 495 2999 | 2204 578 8.19 122
834977 372407 4.96 2970 | 22.10 5.88 7.98 1.19
834225 372478 5.03 29.88 2.14 595 7.92 118
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
8556.67 373137 476 30.56 | 2176 530 9.10 1.36
8549.46 373213 462 29.93 21.71 523 9.04 135
854224 373252 4.60 29.73 2172 525 8.95 133
8534.13 373364 458 2949 | 2173 526 8.85 1.32
852691 373367 457 29.25 21.77 532 8.68 129
8519.09 373406 451 2019 | 2172 524 8.80 131
8511.27 373445 4.49 2929 | 21.68 5.8 8.93 133
854.05 3734438 4.60 29.63 21.73 527 8.89 132
8456.54 373522 470 30.15 21.76 531 8.97 134
8449.62 373415 482 30.37 21.84 5.44 8.81 131
84418 373525 4588 3032 | 2191 556 8.61 128
843488 373598 493 3032 | 2197 5.66 8.46 1.26
8427.06 373563 486 30.01 21.94 561 8.45 1.26
841954 373564 485 2986 | 21.96 5.63 837 125
841172 37472 4.89 29.95 21.99 5.68 832 1.24
8442 37472 496 30.13 22.02 575 8.8 123
8357.28 374144 495 29.98 22.04 578 8.19 1.22
8349.76 374107 4.90 2980 | 22.02 574 8.20 1.22
8341.94 374142 4.80 3004 | 21.88 551 8.62 1.28
8557.61 374472 475 30.75 21.71 523 9.8 1.38
8548.89 374513 4.63 2989 | 21.73 526 8.98 134
8541.68 3756.1 4.60 2976 | 2171 523 8.99 134
8535.06 37528 4.60 2969 | 2172 525 8.93 133
8527.54 37567 4.60 29.31 21.79 536 8.63 1.29
8518.81 375143 4.63 2946 | 21.80 537 8.66 1.29
85128 375145 4.68 29.67 21.81 539 8.69 1.29
85437 37575 4.67 29.68 21.80 538 8.71 1.30
8457.15 375185 473 30.03 21.81 539 8.79 131
845023 375187 477 3029 | 21.80 538 8.90 132
844301 375189 4.80 30.11 21.87 5.49 8.67 1.29
8434.89 375262 485 30.07 21.92 5.58 8.51 127
842677 375227 486 2982 | 21.97 5.66 832 124
8419.55 375228 4385 2980 | 21.97 5.65 833 124
841142 375264 4.89 2984 | 22.00 571 8.26 123
845.1 375372 493 2999 | 2202 574 8.25 123
8357.28 375444 4385 29.85 21.96 5.64 836 124
8350.36 375479 477 2974 | 21.90 553 8.49 1.26
8341.63 375514 4.84 3024 | 21.88 551 8.67 1.29
8556.44 376137 4.88 3096 | 21.81 538 9.08 135
855073 376212 474 3000 | 21.83 5.42 8.74 1.30
854231 37636 4.65 29.88 21.74 528 8.93 133
8535.08 37625.6 4.66 29.83 2177 532 8.85 1.32
8526.66 37633.1 468 2960 | 21.82 541 8.63 129
8519.14 376334 470 2959 | 2185 545 8.57 128
851221 376337 471 29.77 21.82 541 8.68 129
854.69 376447 4.67 29.81 21.78 535 8.80 131
8457.47 376413 470 29.85 21.80 5.38 8.76 130
8449.94 376379 474 30.11 21.80 538 8.85 132
8441.82 376489 478 30.23 21.83 542 8.80 131
84349 37656.2 484 3009 | 2191 5.56 8.54 127
8427.68 376527 487 30.07 21.94 5.61 8.46 1.26
8419.55 376564 4.86 29.97 21.95 563 8.41 125
8412.03 376564 4.86 29.97 21.95 5.62 8.42 125
845.1 3770 4.88 2984 | 2200 570 8.26 123
835848 37772 482 29.67 21.96 5.64 831 124
834975 37771 474 2962 | 21.89 552 8.47 1.26
8341.93 377142 495 30.28 21.99 5.69 8.40 125
8550.16 377512 479 3049 | 21.80 537 8.97 134
854324 37748 471 2994 | 21.80 537 8.80 131
8535.11 37755.6 4.68 2972 | 2181 539 8.71 1.30
8527.59 377523 463 29.53 2178 535 8.72 1.30
852036 377562 4.67 2946 | 21.83 543 8.57 1.28
8512.53 377529 4.67 29.73 21.79 536 8.77 131
85471 377567 464 2984 | 2175 5.29 8.91 133
8457.49 378185 467 29.73 21.79 536 8.76 1.30
844996 37843 471 3000 | 21.79 535 8.85 1.32
844243 378153 475 3019 | 21.80 537 8.88 1.32
8436.11 378154 481 30.18 21.87 548 8.69 129
8427.38 378263 4.90 2999 | 21.99 5.69 833 124
841925 378264 4.84 29.97 21.93 559 8.47 1.26
8410.82 378408 4.84 2976 | 21.97 5.66 831 124
8442 37830 478 29.61 21.93 559 836 124
8357.27 378336 473 2924 | 2194 5.61 8.23 123
834945 378299 472 29.41 21.90 555 837 125
834342 378371 492 29.95 22,01 573 8.25 123
8550.5 379284 482 30.63 21.80 537 9.00 1.34
854328 37936 4.68 2986 | 2178 534 8.83 131
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
853424 379364 461 2930 | 21.80 538 8.61 128
8529.12 379402 459 2919 | 21.80 537 8.59 128
8520.39 37940.6 457 29.18 21.77 533 8.64 129
8511.96 379373 4.60 2949 | 2176 531 8.77 131
85533 379339 4.60 29.83 21.70 522 9.02 134
84575 379377 462 29.98 21.70 521 9.09 135
845028 37945.1 4.69 29.98 21.77 532 8.89 132
8441.84 379525 470 30.07 21.76 532 8.93 133
843492 37959.8 471 3002 | 2179 535 8.86 132
8427.99 379563 476 2979 | 2187 550 8.56 127
8421.06 379563 4.80 29.53 21.96 5.64 8.26 123
8412.63 37100 476 29.35 21.95 5.62 8.25 123
84438 371036 468 29.01 21.93 5.59 8.19 1.22
835697 37100 463 2900 | 21.87 5.50 833 1.24
8350.04 371017.9 464 2009 | 21.87 5.49 837 1.25
8344.02 -371010.7 476 2990 | 21.86 547 8.64 1.29
8336.19 371017.7 491 3059 | 21.90 5.54 8.72 1.30
832926 3710248 5.02 30.98 21.94 561 8.72 1.30
8312.69 3710316 4.89 30.43 21.90 555 8.67 1.29
83486 3710278 4385 30.48 21.86 547 8.80 131
8257.63 3710383 4.87 30.68 21.85 545 8.89 1.32
82504 3710345 4385 30.91 21.79 536 9.11 136
8551.13 3710404 4.84 3066 | 21.82 541 8.96 133
85424 3710552 4.66 2979 | 2177 533 8.82 131
8536.08 371059.1 452 2002 | 2176 530 8.64 1.29
8528.85 37113 448 28.83 21.74 527 8.64 1.29
852071 371134 448 2002 | 2171 523 8.77 131
8512.88 3711145 458 2922 | 2178 535 8.62 128
85535 3711111 465 2972 | 2177 533 8.80 131
845842 3711113 467 2992 | 2176 531 891 1.33
84515 3711187 4.66 2979 | 2177 533 8.82 131
8443.66 3711225 465 29.65 21.79 535 8.75 1.30
843643 3711226 462 29.45 21.79 535 8.69 1.29
84283 3711227 461 2932 | 21.80 538 8.61 128
842077 3711264 462 29.08 21.84 545 843 1.26
8412.03 3711372 4.60 28.78 21.88 551 8.25 123
84631 3711408 456 2870 | 2185 5.46 830 124
8358.17 3711372 458 28.75 21.86 5.48 8.29 123
8351.24 3711443 4.63 29.33 21.81 5.40 8.58 128
834522 3711407 4.83 3014 | 21.89 553 8.61 128
8336.18 3711405 491 30.65 21.89 553 8.75 1.30
8327.44 3711548 4.90 30.71 21.87 550 8.83 131
832021 371151 4385 30.57 21.84 5.44 8.88 132
8312.37 3711544 475 3006 | 21.83 542 8.76 1.30
835.14 3711578 470 2990 | 21.80 537 8.79 131
8257.91 371211 4.69 29.93 21.78 535 8.83 132
825128 371245 468 3039 | 2170 521 9.22 137
8242.84 371241 475 30.77 21.70 522 931 1.39
823621 371238 481 3102 | 2173 527 9.30 1.38
8551.47 3712175 4.86 30.28 21.89 553 8.65 129
854333 3712216 464 2962 | 2178 535 8.75 1.30
8536.41 371229.1 448 2002 | 2171 523 8.75 1.30
8527.97 3712295 443 28.71 21.70 522 8.69 129
8521.04 3712298 4.46 28.88 21.70 522 8.74 1.30
85135 371230 4.61 2922 | 2181 539 8.56 127
85597 3712375 471 29.55 21.86 548 8.52 127
845874 3712413 470 29.71 21.82 5.42 8.66 1.29
845091 3712415 465 29.51 21.80 538 8.66 1.29
8443.67 3712453 464 29.21 21.85 5.46 8.45 1.26
8436.14 371249 456 2902 | 21.80 537 8.54 127
8428 3712563 456 28.87 21.82 541 8.43 1.26
842077 3712564 454 2886 | 21.81 538 8.46 1.26
8413.54 3712564 454 2872 | 2182 542 838 125
846.61 37130 458 28.78 21.86 547 831 1.24
8359.98 37130 4.68 2939 | 21.86 548 8.47 1.26
8351.84 3713143 4.89 3002 | 21.97 567 837 1.25
8344 3713143 494 30.51 21.94 561 8.60 1.28
8336.17 371333 4.96 30.78 21.92 557 8.72 1.30
832893 371314 4385 3059 | 21.84 5.44 8.89 1.32
8319.89 3713246 476 3009 | 21.82 541 8.78 131
8313.56 3713172 471 3000 | 21.79 536 8.84 1.32
83573 371317 4.66 2980 | 21.77 532 8.84 132
8258.79 371324 471 29.93 21.81 539 8.78 131
8250.65 3713345 476 30.53 21.76 531 9.08 135
8242.52 3713233 481 3086 | 2176 531 9.19 137
8228.65 3713262 4.90 3099 | 21.83 5.42 9.04 135
85515 3713475 479 3014 | 2185 5.46 8.71 1.30

continued on next page

222




Table 23 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
854427 3713407 458 2951 2173 527 8.85 1.32
8535.53 3713556 450 29.01 21.73 527 8.70 129
85292 3713594 442 2876 | 21.69 5.19 8.75 1.30
8520.76 37147 4.46 2882 | 2172 525 8.67 129
8514.13 3713564 457 2910 | 21.79 537 8.56 127
85599 3714111 473 29.37 21.92 557 832 124
845996 3714113 4.69 2934 | 21.88 550 8.42 125
845213 3714115 457 2909 | 21.79 536 8.57 128
844338 3714153 454 2879 | 2181 5.40 8.42 125
8436.15 371419 457 28.65 21.87 548 8.25 123
842922 3714119 455 28.73 21.83 543 836 1.24
8421.68 3714335 455 28.97 21.79 536 8.54 127
8413.84 3714336 462 2894 | 21.87 5.49 832 1.24
846 3714336 479 29.47 21.97 5.65 823 123
8357.86 3714336 497 30.03 22.06 5.80 8.17 1.22
8351.53 3714443 5.07 30.91 2201 573 8.52 127
8343.09 3714442 5.08 3096 | 22.02 573 8.53 127
8335.55 3714513 5.02 3079 | 2197 5.67 8.58 128
8328.02 3714512 4.86 3049 | 21.86 5.48 8.79 131
8321.38 371451 479 3024 | 21.84 5.44 8.78 131
8313.84 371517 478 3034 | 2181 539 8.88 1.32
83631 37145738 4.80 3032 | 21.84 5.44 8.81 131
825847 371454 4.88 30.61 21.87 5.49 8.81 131
8251.53 371509 492 3089 | 21.86 5.48 8.91 133
8559.68 371517.1 491 30.45 21.93 5.58 8.61 128
8551.84 3715139 472 29.78 21.84 5.44 8.65 1.29
85443 3715215 452 29.18 21.73 526 8.77 131
8536.16 3715219 444 28.85 21.69 520 8.76 1.30
8528.02 3715187 4.40 28.61 21.68 5.19 8.71 1.30
8521.39 3715262 443 28.77 21.70 521 8.72 1.30
8514.15 3715408 452 28.93 21.77 533 8.58 128
85631 3715303 4,67 28.95 21.92 5.58 8.20 1.22
845998 3715413 4.66 28.97 2191 555 8.24 1.23
8450.03 3715379 459 2876 | 21.87 5.49 8.27 1.23
8444 3715488 451 28.68 21.80 538 8.42 125
8437.67 3715562 457 2854 | 21.89 552 8.16 1.22
842922 3715527 458 28.78 21.86 5.48 830 124
8421.69 371635 4.66 2919 | 21.87 550 838 125
8414.15 37163.6 478 29.57 21.94 561 833 124
84691 3716108 492 29.91 22,02 575 8.22 122
8359.67 37167.2 5.2 30.77 22,08 5.84 831 124
8351.83 3715599 5.16 3118 22,05 5.80 8.49 1.26
8343.08 3715562 5.12 3124 | 2201 572 8.62 128
833645 3716 10.6 5.03 30.85 21.98 5.67 8.59 128
8328.61 3716212 4.96 3064 | 21.94 5.61 8.62 1.28
8321.67 3716247 492 30.68 21.90 553 8.75 1.30
8313.53 3716208 492 30.71 21.89 553 8.78 131
867.25 3716358 536 3042 | 2237 6.37 754 112
8559.41 3716435 5.16 2966 | 2231 6.25 7.50 112
8551.57 3716439 465 2922 | 2186 547 8.44 1.26
8544.63 3716479 451 28.91 21.76 531 8.60 128
8536.79 3716483 444 2874 | 2171 524 8.67 1.29
8529.86 371766 442 28.63 21.71 522 8.65 129
852232 3716597 441 2864 | 21.69 520 8.70 129
8514.48 37170 4.46 2864 | 2175 529 8.55 127
856.03 3716567 453 28.63 21.83 542 834 124
8506 371741 4.63 28.73 21.92 557 8.14 121
8451.55 371743 4.60 2869 | 21.89 553 8.20 122
844371 37178 455 2876 | 21.83 542 838 125
8436.17 3717154 4.60 2879 | 2187 5.49 828 123
842923 3717119 4.66 28.91 21.92 558 8.18 122
8421.69 3717155 474 29.25 21.95 5.62 822 122
841535 3717228 4.90 2989 | 22.00 571 8.26 1.23
84751 3717264 5.02 30.37 22,05 5.80 828 123
84027 3717336 5.18 30.98 22.10 5.89 831 124
861574 371853 534 30.53 2234 6.31 7.64 1.14
867.29 371813 526 29.77 2239 6.39 736 1.10
8559.15 3718135 498 29.08 2223 6.11 752 112
855221 3718247 455 28.78 21.83 542 839 125
8544.06 3718215 442 2869 | 21.70 521 8.70 129
8537.13 3718255 447 2870 | 2175 529 8.57 128
8529.88 3718186 445 2872 | 2173 526 8.62 128
8522.04 3718189 444 28.75 21.70 522 8.70 1.29
8514.5 3718264 443 28.61 2172 525 8.61 128
856.65 371826.7 452 2869 | 2181 539 8.41 125
845971 371834.1 463 28.78 21.92 557 8.16 122
84 50.66 3718379 4.67 2891 21.93 559 8.17 122
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
844342 3718417 4.63 28.93 21.88 551 829 123
843678 371849 463 28.98 21.88 550 832 124
8429.84 3718 49.1 473 29.21 21.94 5.61 8.22 1.22
8421.69 3718 49.1 479 29.48 21.97 5.65 8.24 123
841475 37190 4.87 29.88 21.98 5.67 832 124
847381 3718528 5.08 30.65 22,06 581 833 124
8614.88 3719353 5.16 3052 | 2217 5.99 8.04 1.20
86733 371943 484 2962 | 21.98 5.68 8.24 123
8559.79 3719435 454 28.88 21.80 537 8.49 1.26
8552.54 3719439 437 2866 | 21.65 5.14 8.81 131
85447 371937.1 441 2864 | 21.69 520 8.70 1.29
85 38.06 371941 444 28.75 2171 523 8.68 129
853021 3719522 451 28.81 2178 534 8.51 127
852237 371959.7 4.50 2889 | 2176 530 8.60 128
8515.12 37200 4.50 28.83 2177 532 8.56 127
85848 3719566 457 28.87 21.83 543 8.41 1.25
845973 3719569 4.66 2899 | 2191 5.56 8.24 1.23
8451.58 372079 472 2920 | 21.93 5.60 8.24 123
844434 3720116 472 2924 | 2193 559 8.26 123
84377 3720154 471 29.27 21.91 5.56 831 1.24
8429.55 3720119 474 2939 | 21.93 559 831 124
842261 3720263 481 29.68 21.95 5.62 835 124
841536 3720192 4.86 30.07 21.94 5.60 8.48 1.26
84721 3720228 5.07 30.53 2207 5.83 827 123
8614.32 3721125 491 3096 | 21.84 5.44 8.98 134
867.97 372158 4.66 2954 | 2181 539 8.66 1.29
86043 3721134 442 28.91 21.66 5.16 8.85 132
8552.58 3721103 442 2879 | 21.68 5.18 8.79 131
854533 3721143 444 28.78 2171 523 8.70 1.29
8536.88 3721183 446 2882 | 2172 525 8.67 1.29
8529.94 3721294 4.50 2892 | 2174 5.29 8.64 1.29
8523 3721333 459 2900 | 21.83 542 8.45 1.26
851454 3721372 462 29.11 21.84 545 8.4 1.26
857.6 3721338 464 29.13 21.86 547 8.40 1.25
85065 372134 4.67 2934 | 2186 547 8.46 1.26
8453.11 3721414 473 29.35 21.92 557 832 124
844526 372138 477 29.51 21.93 5.60 832 124
8437.1 372149 479 29.65 21.94 5.60 836 124
8429.56 372149.1 4.84 2982 | 2195 5.62 837 125
842291 372149.1 484 2999 | 21.93 559 8.48 1.26
841476 3721456 4.98 3042 | 22.00 571 8.42 125
8614.96 3722389 481 30.98 2174 527 9.8 138
867.71 3722394 464 2976 | 2176 530 8.86 132
86047 3722434 452 2936 | 2170 521 8.90 133
855231 3722439 4.50 2016 | 2170 522 8.83 131
854476 3722335 452 29.17 21.73 526 8.76 1.30
8538.12 372241 453 29.11 21.75 530 3.68 129
853087 3722522 451 2012 | 2173 525 8.75 1.30
852393 372256 459 29.28 21.78 534 8.65 1.29
8515.17 3722528 4.69 29.27 21.90 5.53 8.36 124
857.92 372338 4.68 2939 | 2186 5.48 847 1.26
845977 372341 4.67 2952 | 21.83 542 8.60 1.28
845282 372343 475 2964 | 21.89 552 848 1.26
844557 37238 4.83 2999 | 2191 5.56 8.51 127
84 38.62 3723153 4.93 30.27 21.97 5.66 8.44 1.26
8430.17 3723227 495 3039 | 21.98 5.67 8.46 1.26
842171 3723 19.1 5.03 30.75 21.99 570 8.52 127
8614.4 372453 481 3096 | 2174 528 927 138
868.66 3724165 4.66 30.48 21.66 5.15 935 1.39
860.51 3724206 4.66 2979 | 2177 533 8.83 131
8553.56 3724246 463 2069 | 2176 531 8.84 132
8545.1 372425.1 463 2076 | 2174 528 8.90 132
8538.76 3724218 463 29.45 21.80 538 8.65 1.29
853181 3724257 462 29.48 21.78 534 8.71 130
852456 3724296 470 29.47 21.86 548 8.49 1.26
8515.8 372430 474 29.53 21.90 5.54 8.41 1.25
858.24 3724374 476 29.43 21.94 5.60 830 124
85099 372434 4.69 2964 | 21.83 542 8.63 128
845284 372445 479 2996 | 21.88 552 8.58 1.28
844528 3724416 4.87 3034 | 21.90 555 8.64 129
8436.82 3724454 5.03 30.71 22,01 572 8.48 1.26
843048 3724383 513 3099 | 2206 5.80 8.43 1.26
855329 3725438 4.80 30.88 2174 528 9.24 137
8546.64 372537 4.83 30.65 21.81 538 8.99 134
8537.58 3725554 479 3060 | 2178 534 9.06 135
8531.53 372552.1 476 30.13 21.82 541 8.80 131
8523.37 3725 56.1 4.69 29.71 21.82 541 8.68 1.29
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
851642 372635 474 29.55 21.90 5.54 843 125
85947 372674 475 29.61 21.90 5.54 8.4 1.26
84598 372677 477 29.75 21.89 553 8.49 1.26
845376 372615 482 3012 | 21.89 552 8.62 128
844529 3726188 4.99 30.68 21.96 5.65 8.58 128
843834 37268.1 5.09 31.01 22,01 573 8.55 127
8531.56 3727329 4.80 30.68 21.77 533 9.10 135
8524 3727188 470 2990 | 21.80 537 8.79 131
851524 3727264 465 29.48 21.82 5.40 8.61 128
858.89 3727374 472 2064 | 21.86 547 8.55 127
851.94 3727448 479 3000 | 21.87 5.49 8.63 128
8454.68 3727342 4.90 3042 | 2192 557 8.62 1.28
8446.52 3727416 5.01 3084 | 21.96 5.64 8.64 1.29
853129 372852.1 4.80 30.93 21.73 527 927 138
852433 3728524 472 29.97 21.81 539 8.79 131
851677 372849.1 467 29.47 21.83 543 8.57 1.28
85891 372902 475 29.63 21.89 552 8.47 1.26
851.65 3728568 4385 3014 | 2191 5.56 8.56 127
845439 372857 4.99 30.56 | 21.98 5.68 8.49 1.26
8532.52 3730113 4385 31.01 2177 532 9.20 137
8524.96 3730116 477 3034 | 21.80 537 8.92 133
8516.49 3730227 474 2962 | 21.88 551 8.49 1.26
85953 3730302 475 29.67 21.89 552 8.49 1.26
851.67 3730232 494 3022 | 21.99 5.69 839 125
8454.1 3730234 5.02 30.77 21.98 5.67 8.57 128
8524.99 3731 59.6 482 30.65 21.80 538 9.01 134
8518.03 373149.1 484 3016 | 21.90 553 8.61 1.28
858.95 373211 491 30.41 21.93 559 8.59 128
851.99 3731568 495 30.57 21.95 5.62 8.59 128

Table 24: The Database of far infrared cavity CASKK1 nearby to the AGB star AGB0141+7104 located
with in G125+09. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 um and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 um and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) | Dec.(J2000) | F(60) | F(100) Ty B(v,T) My Ay
hh mm ss dd mm ss MJy) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
146 48.81 7141523 1.88 16.66 2028 321 5.05 1.22
14626.65 7141449 1.88 16.69 2027 321 5.08 1.22
146 6.02 7141483 1.90 1655 2035 3.29 4.90 1.18
14551.49 7141516 1.89 16.75 2027 321 5.10 1.23
1472851 71407.7 1.81 1651 20.14 3.06 5.25 1.27
1477.14 7140 18.7 1.83 1651 20.19 3.12 5.16 1.24
146 48.82 7140 18.7 1.85 16.42 2027 321 4.99 1.20
1462593 7140185 191 16.26 2043 3.40 4.67 113
146 10.66 7140183 1.87 16.37 2032 327 4.88 118
145 50.82 7140 18 1.84 16.58 20.19 312 5.18 1.25
1453327 7140175 1.87 16.75 2023 3.16 5.16 125
148429 7138408 1.86 16.50 2026 320 5.03 121
1474295 713852 1.84 16.42 2025 318 5.03 121
1472542 713848.6 1.80 16.18 2021 3.14 5.03 121
147637 713848.7 1.84 16.26 2027 321 4.94 1.19
146 46.55 713848.7 1.84 16.23 2029 322 491 1.18
1462445 7138485 1.88 1621 20.39 3.34 473 1.14
1461225 7138412 1.83 16.24 2026 3.19 4.96 1.20
14551.67 7138444 1.79 1635 20.14 3.07 5.20 1.25
1452957 7138474 1.83 1651 2020 3.13 5.14 1.24
1483693 7137135 1.91 16.62 2036 331 4.90 1.18
148217 713767 1.90 16.40 2039 335 478 115
148497 7137179 1.87 1635 2033 327 4.87 1.18
1474593 7137111 1.86 16.06 2039 334 4.69 113
1472538 7137114 1.83 16.03 2033 327 478 115
147483 713718.7 1.79 16.01 2023 3.16 4.94 1.19
146 46.56 7137223 178 16.09 20.19 312 5.02 121
14629.05 7137222 1.80 16.03 2025 3.19 491 118
146927 7137147 175 16.00 20.14 3.07 5.08 1.23
14548.71 7137215 175 16.08 20.11 3.03 5.18 125
14531.96 7137247 1.79 16.22 20.17 3.10 5.1 1.23
145114 7137 24.1 1.85 16.53 2025 3.18 5.07 1.22
14916.37 713535 1.94 16.67 20.41 337 4.82 1.16
14859.62 713549.9 1.91 16.49 20.38 333 4.82 1.16
148 42.89 7135505 1.89 16.40 2036 331 4.83 1.16
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1482388 7135439 1.87 1626 | 2035 330 4381 1.16
148487 7135408 1.87 1620 | 2037 332 476 115
1474587 7135447 1.81 1610 | 2026 320 4.90 118
14726.86 7135378 1.77 1602 | 20.19 312 5.01 121
147634 713545.1 1.79 16.03 20.22 3.15 4.96 1.20
146 46.58 7135415 176 15.95 20.19 311 4.99 1.20
146 29.09 713545 173 15.87 20.13 3.06 5.06 122
1469.33 7135447 175 15.81 20.19 312 495 1.19
145526 7135552 175 1590 | 20.17 3.10 5.00 121
14535.88 7135476 1.80 1606 | 2025 3.19 491 118
145 13.06 7135577 1.80 1644 | 20.14 3.06 524 1.26
144 54.07 7135462 1.79 16.55 20.10 3.02 534 129
1443433 7135346 1.83 1664 | 2015 3.08 527 127
14919.19 7134154 191 1664 | 2034 329 493 1.19
149323 713453 1.89 1651 2033 328 492 1.19
1484274 713497 1.85 1642 | 2027 321 4.99 1.20
1482225 7134139 1.85 1634 | 2028 322 495 1.19
1484.02 7134108 1.80 1631 20.19 311 5.1 1.23
147 4276 71344 175 1623 20.09 3.00 527 127
1472531 7134114 1.79 16.11 2021 3.14 5.01 121
147785 713443 1.80 16.15 2021 3.14 5.01 121
146 44.31 7134223 178 1604 | 2020 313 4.99 120
14629.89 7134738 1.79 1591 20.26 3.19 4.86 1.17
146 8.63 7134183 176 15.88 20.19 312 497 120
145 49.65 713418 1.80 1594 | 2028 322 483 1.16
145 30.66 7134247 178 1630 | 20.14 3.06 520 125
14513.97 7134134 1.79 1614 | 20.19 311 5.05 122
1445422 7134198 1.79 1629 | 20.16 3.09 5.14 1.24
1443524 713419 1.88 1653 2031 325 4.96 120
148 56.26 7132464 1.87 1651 2029 323 4.99 1.20
14839.57 7132434 1.86 16.27 20.32 326 486 1.17
14822.89 7132439 1.77 16.27 20.12 3.04 522 1.26
1483.18 713248 177 1624 | 20.12 3.04 521 1.26
1474423 7132483 176 16.14 | 20.12 3.05 5.17 125
1472679 7132486 1.82 1623 20.24 3.17 499 1.20
147783 7132415 1.92 1633 2045 341 467 113
14648.12 7132415 1.88 1637 20.35 329 485 1.17
146 25.38 7132449 178 1619 | 20.15 3.08 5.13 124
146 10.97 713241.1 178 1616 | 20.17 3.10 5.09 123
14555.05 713248.1 1.80 16.13 20.22 3.15 4.99 120
145323 7132439 1.80 1599 | 2025 318 4.90 118
1451335 7132433 1.81 1606 | 2026 3.19 4.90 118
14455.14 7132499 1.83 1614 | 2029 323 487 117
144324 7132453 1.92 1644 | 2041 336 476 115
149 16.55 7131155 1.95 1669 | 2042 338 4381 1.16
14859.13 7131163 1.88 1633 2037 332 4.80 1.16
1484247 7131169 1.76 16.18 20.11 3.04 5.20 125
148243 7131175 1.76 1591 20.19 311 4.98 1.20
148385 7131144 174 15.95 20.12 3.04 5.11 1.23
147 44.92 7131111 1.90 1592 | 2050 348 446 1.08
1472599 7131186 1.96 16.18 20.59 358 441 1.06
14710.09 7131115 1.94 16.53 2045 341 472 1.14
14651.16 713179 1.86 16.65 20.24 317 5.12 1.24
1463147 7131186 1.82 1655 20.16 3.09 522 1.26
146 10.27 7131183 1.80 1634 | 2018 3.10 5.13 124
1455588 7131217 1.81 1609 | 2026 320 4.90 118
14533.91 7131284 1.84 15.97 20.37 332 4.69 113
14514.99 7131206 1.87 1600 | 2043 339 4.60 L11
144 53.81 71319 1.87 16.18 20.38 333 473 114
144 35.63 7131118 1.86 16.58 20.26 3.19 5.07 122
149 39.02 712930 1.83 16.57 20.19 311 5.19 125
14919.37 7129382 1.84 16.17 20.30 324 486 117
149 1.98 7129389 1.80 1591 2028 321 483 1.16
148 40.82 7129433 176 15.83 2020 313 493 1.19
1482343 7129439 1.68 1572 | 2003 295 5.19 1.25
148451 7129372 1.81 15690 | 2036 331 4.63 112
147 46.37 7129339 1.86 1582 | 2045 341 452 1.09
1472747 7129413 1.90 16.08 20.48 345 455 1.10
147932 712948.7 1.84 1645 20.23 317 5.06 122
14648.15 7129 45.1 1.84 1645 20.24 318 5.05 122
146 31.51 7129 48.6 1.81 1653 20.14 3.06 526 127
146 10.33 7129483 1.74 1592 | 2013 3.05 5.09 123
145 50.66 7129552 175 1591 20.16 3.08 5.03 121
145 34.03 7129 47.6 176 15.93 20.18 3.10 501 121
145121 7129469 191 16.11 20.49 346 454 1.10
144 56.23 7129427 1.92 16.41 2042 338 473 114
1443808 7129455 1.89 1671 20.28 322 5.06 122

continued on next page

226




Table 24 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1493732 7128109 1.82 1619 | 2025 318 497 120
14916.93 7128119 178 1575 20.27 321 478 115
148 58.05 7128127 1.76 1572 | 2023 3.16 485 1.17
148 41.44 7128169 1.65 15.67 19.97 2.89 529 128
148218 7128103 1.67 1556 | 2007 298 5.08 123
148217 7128108 1.62 15.62 19.92 2.83 537 1.30
147 44.04 7128 11.1 174 1576 | 20.19 311 494 1.19
147229 7128 18.6 171 1584 | 2009 3.01 5.13 124
1477.79 7128 15.1 173 15.88 20.12 3.04 5.09 123
146 48.16 7128 15.1 1.72 15.97 20.06 2.98 523 1.26
14629.27 7128222 1.65 15.74 19.96 2.87 535 1.29
146 11.15 7128184 1.59 15.64 19.83 274 557 1.34
145 50.01 7128 144 1.60 15.59 19.87 278 547 132
1452885 712821 1.69 15.77 20.06 298 5.16 1.24
1451298 7128 24.1 1.81 15.95 20.30 324 479 1.16
1445336 7128162 1.83 16.23 2027 321 4.94 1.19
1443522 7128 22.6 1.83 1660 | 20.17 3.10 522 1.26
149552 7126363 1.85 1633 20.28 322 495 1.19
14935.6 7126 41 1.85 1600 | 2037 332 470 113
1491599 7126383 175 1569 | 2022 3.15 4.86 1.17
14854.9 7126 53.6 1.60 15.68 19.85 2.76 555 134
148 39.05 7126 50.6 1.66 1560 | 2001 293 520 125
148 20.95 712651.1 1.63 15.56 19.96 2.88 528 127
1482.08 7126408 1.62 15.41 19.96 2.87 523 1.26
1474248 7126484 1.62 1541 19.97 2.89 520 125
14726.64 7126 48.6 1.63 15.44 19.99 2.90 5.19 125
147929 712648.7 1.63 1541 20.00 2.92 5.15 1.24
146 45.15 7126415 1.62 1537 19.98 2.89 5.18 125
14630.07 7126 48.6 1.59 1528 19.94 2.85 523 1.26
146 6.68 7126483 1.58 1528 19.89 2.80 532 128
1455537 7126517 1.64 1544 | 2001 292 5.15 1.24
1453348 7126583 171 1544 | 2018 311 484 1.17
14516.89 7126542 1.67 15.67 20.04 2.96 5.16 1.25
14456.53 7126535 1.66 15.80 19.97 2.88 535 129
1443918 7126528 1.86 1633 20.32 326 488 118
1441731 7126 48.1 1.92 1664 | 2037 332 488 118
150 17.54 7125577 1.97 1650 | 2050 348 463 112
149 56.5 712517 1.82 1622 | 2025 318 497 1.20
149 36.16 7125145 1.80 1592 | 2028 322 482 1.16
149 20.36 7125225 1.67 15.87 19.99 2.90 533 1.29
149001 7125198 1.70 1559 | 2012 3.04 5.01 121
14841.92 7125133 176 1556 | 2028 322 472 114
1482536 7125174 1.67 15.37 20.10 3.02 497 1.20
1482 7125 144 1.59 15.18 19.95 2.86 5.17 125
147 47.69 7125183 1.59 15.20 19.95 2.86 5.17 125
147266 7125 18.6 1.58 15.20 19.92 2.83 524 1.26
147626 7125115 1.56 15.17 19.87 278 532 128
14648.18 712518.7 1.59 15.20 19.96 2.88 5.15 1.24
14630.85 7125 18.6 1.61 1514 | 2003 295 5.01 121
1461051 712521.9 1.65 15.25 20.09 3.01 493 1.19
14550.93 712518 1.68 1528 20.15 3.08 484 1.17
1453135 7125139 1.62 1538 19.98 2.89 5.19 125
14515.53 7125134 159 1552 19.86 277 5.46 1.32
144 58.95 712520 1.67 1576 | 2001 293 525 127
144 35.62 712582 178 1609 | 2018 311 5.05 122
1441678 7125109 1.86 16.61 20.25 318 5.09 123
150 34.62 7123409 1.96 16.51 20.50 347 464 L12
15015.07 7123422 1.88 1625 20.37 332 477 115
149 53.25 712340 176 16.03 20.15 3.07 5.08 123
149 36.71 712348.1 1.69 16.05 19.98 2.89 542 131
14917.15 7123455 1.72 1566 | 20.15 3.07 497 120
1493.6 7123425 178 15.71 20.28 322 476 115
148 40.29 7123505 175 1555 2025 3.19 475 115
148 20.72 712344 173 1529 | 2028 322 4.63 112
1484.16 7123336 1.63 1529 | 2003 295 5.06 1.22
147 43.86 7123447 1.54 15.11 19.84 275 536 1.29
147243 7123378 1.53 15.13 19.82 272 541 131
147625 7123415 1.56 15.11 19.89 2.80 526 127
14648.94 7123523 1.60 1514 | 2001 292 5.05 122
146 31.64 7123486 1.69 1523 20.19 312 476 115
146 8.32 7123447 1.67 1527 20.13 3.05 4.88 118
14552.52 7123444 1.62 1537 19.99 2.90 5.16 124
145322 7123511 1.59 15.58 19.85 276 550 133
1451265 7123433 1.63 15.65 19.93 2.84 538 1.30
144 53.09 7123462 1.66 1591 19.93 2.84 5.46 132
144 36.57 712331 1.82 1619 | 2025 3.19 495 1.19
1441548 7123444 1.81 1639 | 2017 3.10 5.16 1.24
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
15053.1 712223 2.02 1670 | 2058 356 457 1.10
15032.82 712238 1.96 1639 | 2053 351 456 1.10
15014.82 7122159 1.80 1619 | 2021 3.14 5.02 121
149 54.51 712263 171 15.93 20.05 296 524 1.26
149 37.99 7122108 175 1576 | 20.19 312 493 1.19
14919.21 712282 1.77 1569 | 2028 322 476 115
149 0.44 7122198 178 1539 | 2039 334 4.49 1.08
148 39.39 712262 1.72 1545 20.22 3.15 478 115
148 23.61 712267 171 1534 | 2022 3.15 475 114
148333 7122 144 1.66 1526 | 2012 3.04 4.90 118
147 46.06 7122147 1.60 1536 19.93 2.84 528 127
1472502 7122186 1.54 15.19 19.83 273 542 131
1476.99 712279 1.62 15.17 20.04 295 5.01 121
146 48.96 712215.1 1.66 15.31 20.10 3.02 495 1.19
146 30.92 7122258 1.65 15.28 20.09 3.01 4.94 1.19
14612.14 7122112 1.63 15.67 19.93 2.84 538 1.30
14551.11 7122144 1.68 15.77 20.02 2.94 524 1.26
14533.07 7122175 1.70 1599 | 2002 293 531 128
14515.79 7122134 1.73 16.13 20.06 298 529 127
1445552 71229.1 1.81 16.18 20.24 318 4.96 1.20
1443599 712246 1.79 1627 20.16 3.09 5.14 124
144 15.68 712218 1.80 1640 | 20.16 3.09 5.17 125
14359.94 712227 1.80 16.58 20.11 3.03 533 129
15051.33 7120432 2.03 1671 20.59 359 454 1.10
150333 7120374 1.90 1644 | 2037 332 483 117
150 14.54 712035.1 1.82 15.93 20.33 327 475 115
149558 7120434 1.79 1554 | 2037 332 457 1.10
149 37.04 7120 40.9 1.72 15.41 2024 317 474 1.14
14916.03 7120419 172 1530 | 2025 318 4.68 113
148 58.02 712039.1 1.72 1530 | 2025 3.19 4.68 113
148 40.76 7120433 173 15.37 2026 3.19 470 113
148 20.49 712029.6 1.67 1542 | 20.10 3.02 497 1.20
148099 7120372 1.66 1538 20.08 3.00 5.01 121
1474373 7120339 1.61 15.44 19.94 2.85 529 128
1472273 7120342 1.61 1532 19.97 2.88 5.19 125
147547 7120343 1.70 1533 20.19 312 4.80 1.16
1464822 712045.1 1.66 1548 20.05 297 5.09 123
146272 712048.6 1.69 15.65 20.08 299 5.10 123
146107 7120483 1.70 16.07 19.99 2.90 5.40 130
14550.45 7120372 176 1639 | 2007 2.98 536 1.29
14533.92 7120512 1.92 1649 | 2040 336 479 1.16
145 14.42 712047 2.03 1662 | 2062 3.62 448 1.08
1445491 7120462 1.95 16.65 20.44 3.40 477 115
1443842 7120383 1.84 1644 | 2023 3.16 5.07 122
144159 7120444 1.80 1636 | 2015 3.08 5.18 125
143594 712039.9 172 16.45 19.96 2.87 5.58 1.35
1434215 7120352 177 16.75 19.99 2.90 5.63 1.36
15049.56 7119242 2.17 16.65 2091 3.98 4.08 0.98
15032.28 711911 1.95 16.23 20.55 353 448 1.08
150 12.03 711952 1.88 15.61 2054 352 43 1.04
1495633 711917 1.74 1526 | 2032 326 456 1.10
1493534 7119 14.6 1.71 1504 | 2029 323 454 1.09
14917.35 711915.5 1.68 15.13 20.20 3.12 472 1.14
1485937 7119162 1.68 1528 20.15 3.08 484 117
14841.39 7119205 1.68 1543 20.11 3.03 4.96 120
148204 7119 17.6 1.67 15.68 20.02 293 522 1.26
1480.17 711921.6 1.65 15.65 19.99 2.90 526 127
1474218 7119 14.8 1.68 1557 20.08 3.00 5.06 122
1472645 711915 171 15.57 20.16 3.09 492 1.19
147696 7119115 1.70 1556 | 2012 3.04 498 1.20
146 48.23 7119115 1.68 15.61 20.06 2.98 5.10 123
146 29.49 7119222 1.69 1590 | 20.02 2.93 529 1.28
146115 711922 1.84 16.23 2029 323 4.90 1.18
14551.28 7119144 1.90 16.77 2028 322 5.07 122
14531.79 7119139 2.09 16.98 20.64 3.65 454 1.09
145138 7119169 2.09 1704 | 2063 3.64 457 1.10
14455.06 711919.8 2.12 16.95 20.71 373 443 1.07
1443556 7119298 1.84 1662 | 20.19 312 520 125
1441835 7119145 178 1645 20.10 3.02 532 1.28
143 58.86 711917 175 1640 | 2004 295 542 131
143 40.15 711987 1.70 16.63 19.86 2.77 5.85 141
143 26.63 7119 18.6 176 1669 | 20.00 291 559 135
1517.93 7117419 225 1675 21.05 4.17 391 0.94
150 51.48 7117468 2.19 1638 21.02 413 387 0.93
15032.77 7117 44.6 2.10 1566 | 21.04 4.16 3.67 0.89
150 11.78 7117352 1.82 15.37 20.48 345 434 1.05
14953.07 7117328 1.79 14.98 20.52 349 418 1.01
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
14936.65 7117517 1.67 14.97 2023 317 461 111
1491345 7117528 1.61 1499 | 2005 297 492 1.19
1485848 7117535 1.65 1532 | 2006 298 5.01 121
148 40.51 7117 54.1 1.74 1556 | 2022 3.15 4381 1.16
14816.55 7117477 1.67 1575 20.01 292 525 127
1475935 7117553 1.72 1569 | 20.15 3.07 498 1.20
1474437 7117519 1.69 15.63 20.09 3.01 5.07 122
14724.16 711745 1.63 1555 19.97 2.89 525 127
14747 711748.7 1.64 15.59 19.98 2.89 526 127
146 45.99 711748.7 1.60 15.66 19.85 276 554 1.34
146 28.03 7117522 1.72 1596 | 20.09 3.00 5.18 125
146 12.31 711752 1.83 16.37 2023 3.16 5.04 122
1455135 7117516 1.93 1678 2036 331 495 1.19
14531.89 7117547 2.02 17.01 20.49 346 479 1.16
1451693 7117506 2.04 17.14 | 2050 348 4.80 1.16
1445597 7117499 2.03 1704 | 2051 348 477 115
1443577 7117454 1.83 1660 | 20.18 311 521 1.26
14417.05 711748.1 172 1636 19.98 2.89 551 133
144058 7117507 1.69 1623 19.93 2.84 558 135
14341.14 7117423 1.72 1614 | 2003 2.94 535 129
14321.66 7117482 175 1651 20.01 293 550 133
15127.77 7116 6.6 2.06 16.58 20.70 371 435 1.05
151831 7116574 213 1602 | 2101 4.12 3.79 091
15048.15 711627 201 1582 | 2080 385 401 097
15033.22 711611 2.04 1559 | 2093 401 3.79 091
150 10.78 711653 1.86 1545 20.55 354 426 1.03
14956.6 71169.8 1.81 1525 20.49 346 429 1.04
1493342 711675 171 1520 | 2025 3.19 465 112
14915.5 7116155 1.68 1538 20.14 3.07 4.89 118
148 56.05 711656 1.67 1558 2005 297 5.11 1.23
148 38.86 7116 6.2 1.64 15.64 19.96 2.87 532 1.28
148 19.44 7116 14 1.68 1571 20.04 2.96 5.18 1.25
1480.76 7116252 171 15.67 20.12 3.04 5.03 121
147 42.06 7116112 1.59 1555 19.87 278 545 1.32
14724.13 7116114 1.57 1558 19.79 270 5.62 136
147544 711607 1.52 1553 19.67 258 5.86 141
146 46.01 7116 15.1 1.61 15.80 19.84 2.75 5.60 135
146 27.32 7116114 1.67 16.00 19.94 2.85 5.48 1.32
146 10.13 7116183 1.72 1612 | 2004 2.96 531 128
145477 711625.1 1.83 1640 | 2022 3.15 5.07 122
1453127 7116 13.9 1.81 16.87 20.06 2.98 553 133
145 14.07 7116 169 1.84 16.98 20.10 3.02 547 1.32
144539 7116 12.6 1.84 1682 | 2014 3.06 536 129
1443594 711619 1.77 1656 | 2003 295 547 1.32
144 18.01 7116 18.1 1.65 16.20 19.85 276 573 138
1435859 711698 1.70 16.07 20.00 291 538 1.30
143414 711687 175 1609 | 2012 3.04 5.16 1.24
14319.71 7116 145 1.77 1637 20.10 3.02 528 127
14303 711658 1.79 16.63 20.06 2.98 545 131
1512961 711422 2.03 1639 | 2067 3.68 435 1.05
151801 7114347 1.88 1591 20.48 345 450 1.08
15050.11 711439.7 2.02 1572 | 2084 3.90 3.94 095
15030.72 7114447 1.98 15.85 20.71 373 4.14 1.00
15013.55 7114459 1.97 1573 20.73 375 4.09 0.99
149534 711447.1 1.87 1625 20.36 331 478 115
1493472 711441 1.89 16.17 2043 339 465 L12
149 16.07 711449.1 1.81 1626 | 2022 3.15 5.03 121
148 56.65 711439.1 1.73 1610 | 2007 2.99 525 127
148 40.23 7114433 1.68 15.87 19.99 291 532 128
148 18.58 7114368 1.60 15.67 19.85 275 555 1.34
148 1.41 7114372 1.62 15.68 19.89 2.80 5.46 132
1474274 7114268 1.62 15.60 19.91 2.82 539 1.30
147 24.09 711445 1.59 15.46 19.89 2.80 5.38 1.30
147 4.69 7114487 1.62 15.58 19.92 2.83 537 1.30
14646.77 7114415 1.63 15.69 19.91 2.82 542 131
14623.63 7114521 1.66 15.88 19.95 2.86 541 1.30
1468.7 711441.1 1.67 16.11 19.93 2.84 553 133
14547.05 7114443 171 1639 19.94 2.85 561 135
14530.62 711451.1 1.73 16.63 19.94 2.85 5.69 137
1451271 7114433 1.81 1678 20.08 3.00 545 131
1445331 7114426 1.83 1662 | 2017 3.09 524 1.26
144324 7114452 178 1627 20.14 3.06 5.8 125
1441821 711448.1 1.72 1606 | 2005 297 527 127
143 59.53 7114543 176 1600 | 20.16 3.09 5.06 122
14340.13 7114495 1.80 16.08 20.23 3.16 4.96 120
1432225 7114374 176 16.43 20.04 295 542 131
143238 7114504 1.80 16.68 20.09 3.00 541 131
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
15124.14 7113177 2.07 16.73 20.68 3.69 442 1.07
151697 7113119 201 1648 20.60 359 447 1.08
15049.86 7113241 205 1626 | 2075 378 4.19 1.01
15031.92 711311 207 1658 20.71 373 434 1.05
148 55.77 7113236 1.74 1675 19.93 2.84 576 1.39
148 37.87 711317 1.72 1626 | 20.00 292 5.44 131
148 21.46 7113139 173 1596 | 2009 3.01 5.17 125
1480.6 7113216 1.66 1579 19.97 2.88 535 1.29
14744.19 7113 147 1.69 15.61 20.09 3.01 5.06 122
14721.82 711315 1.70 1556 | 20.14 3.06 4.96 1.20
147318 7113 15.1 1.72 1590 | 2008 3.00 5.17 125
146 44.55 7113187 176 16.08 20.13 3.06 5.13 1.24
14631.13 7113 18.6 175 1620 | 20.09 3.01 525 127
1469.49 7113327 1.70 16.61 19.85 276 5.87 1.42
1453147 7113283 178 16.73 20.02 2.94 555 1.34
1451134 711327.6 1.81 1658 20.14 3.06 528 127
1445121 7113233 178 1645 20.09 3.01 533 129
14431.84 7113152 1.77 1609 | 20.15 3.08 5.10 123
14416.95 711372 178 16.03 2021 3.14 498 1.20
14359.79 7113135 1.80 16.01 20.24 318 491 1.18
14339.67 711386 1.76 1637 20.07 299 534 129
1432176 7113 14.6 1.79 1672 | 2005 297 5.49 1.32
14823.59 7111439 1.81 1625 20.22 3.15 5.03 121
148423 711148 178 16.08 20.19 312 5.02 121
14742.63 711137.6 178 1566 | 2029 323 472 114
14721.79 7111414 1.88 16.23 20.39 334 473 114
1476.15 711145.1 1.84 1636 | 2026 320 498 120
144 56.59 7111535 1.79 16.63 20.08 3.00 541 131
14432.04 7111 41.6 175 1628 20.06 2.98 533 128
14417.91 7111337 1.70 16.24 19.96 2.87 552 1.33
1435854 7111362 174 16.43 19.99 291 551 133
1434287 7111496 1.80 16.61 20.09 3.01 539 1.30
14816.05 7110249 1.86 1671 2022 315 5.17 1.25
14759.68 7110145 1.84 1666 | 20.19 312 521 1.26
1443.18 711028.1 1.83 1675 20.13 3.05 535 1.29

Table 25: The Database of far infrared cavity CASKK2 nearby to the AGB star AGB0409+6105 located
with in G143+07. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 gm and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 yum and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 3572 | (x10*T)kg | (x1075) mag
0408 12.22 +612949.9 2.4893 20.878 20.51 3.54 0.96 1.38
04 08 00.65 +61 29 56.8 2.3009 20.858 20.17 3.15 1.08 1.55
04 07 48.08 +61 30 00.0 2.271 20.847 20.12 3.10 1.10 1.58
04 07 35.50 +61 30 06.7 2.2471 20.889 20.07 3.04 1.12 1.62
0407 23.92 +613017.1 2.3218 20.868 20.21 3.20 1.07 1.54
04 08 24.32 +61 28 16.5 2.4744 20.784 20.50 3.54 0.96 1.38
0408 11.76 +6128 19.8 2.4235 20.523 2047 349 0.96 1.38
0408 01.20 +61 28 26.8 2.3039 20.45 20.26 3.26 1.02 1.48
04 07 48.63 +61 28 40.8 2.2411 20.534 20.13 3.10 1.08 1.56
04 07 35.06 +61 28 40.3 2.2052 20.565 20.05 3.02 1.11 1.60
0407 22.99 +612843.4 2.2501 20.419 20.17 3.15 1.06 1.52
0407 09.41 +61 28 53.6 2.3189 20.722 20.24 322 1.05 1.51
04 08 34.39 +61 26 46.6 2.3248 20.878 20.21 3.20 1.06 1.53
04 08 24.35 +6126 53.7 2.3727 20.555 20.37 3.38 0.99 1.43
04 08 11.79 +6127 00.6 2.4235 20.262 20.52 3.56 0.93 1.34
04 07 58.23 +612707.5 22172 20.095 20.18 3.16 1.04 1.50
04 07 47.19 +6127 00.0 2.1245 20.064 20.00 297 1.10 1.59
04 07 33.62 +612710.3 2.1514 19.98 20.07 3.04 1.07 1.54
04 07 23.07 +612713.4 2.2022 19.834 20.20 3.19 1.02 1.46
04 07 09.50 +612723.6 2.1843 20.241 20.08 3.05 1.08 1.56
04 06 57.44 +612733.7 2.1962 20.69 20.01 2.98 1.13 1.63
04 08 36.42 +612516.7 2.2381 20.523 20.13 3.10 1.08 1.56
04 08 22.37 +612520.1 2.3159 20.387 20.30 3.30 1.01 1.45
0408 10.83 +612527.0 2.2949 19.917 20.36 3.37 0.97 1.39
04 07 58.79 +612523.1 2.1156 19.834 20.03 3.00 1.08 1.55
0407 44.73 +612533.5 2.0438 19.792 19.90 2.86 1.13 1.63
0407 32.19 +612533.0 2.1126 19.656 20.06 3.03 1.06 1.52
0407 20.13 +612546.9 2.1455 19.656 20.13 3.10 1.03 1.49
0407 07.59 +612549.9 2.1724 20.053 20.10 3.07 1.07 1.54
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R.A(J2000) | Dec.J2000) | F(60) | F(100) T, B, T) My Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10710) 5572 | (x1027)kg | (x107) mag
04065503 | +6126000 | 2.1305 | 20743 | 19.88 2.83 1.19 1.72
04085850 | +6123252 | 23248 | 20795 | 2023 322 1.05 1.52
04084797 | +612339.6 | 21753 | 20387 | 20.03 3.00 111 1.60
04083393 | +6123466 | 23009 | 20398 | 2027 326 1.02 147
04082190 | +6123537 | 2277 | 20189 | 2027 326 1.01 1.46
04081087 | +6123534 | 22261 | 20074 | 2020 318 1.03 1.48
04075884 | +612353.1 | 20797 | 19.844 | 19.96 2.92 L11 1.60
04074329 | +6124034 | 20557 19.74 19.93 2.89 111 1.60
04073075 | +612406.6 | 2.1425 1974 | 20.11 3.08 1.05 1.51
04071921 | +6124133 | 22142 | 19959 | 2020 318 1.02 1.48
04070667 | +6124234 | 21455 | 20.189 | 20.02 2.98 1.10 1.59
04085850 | +6121588 | 22112 | 20513 | 2008 3.05 1.10 1.58
04084648 | +6122095 | 21992 | 20387 | 20.08 3.05 1.09 157
04083446 | +6122058 | 23488 | 20461 | 2034 335 1.00 1.44
04082143 | +6122129 | 23278 | 20398 | 2032 332 1.00 1.44
04080891 | +6122198 | 2283 20262 | 2026 326 1.02 1.46
04075738 | +6122303 | 20976 | 20064 | 19.95 291 1.13 1.62
04074385 | +6122299 | 21245 | 19917 | 20.03 3.00 1.08 1.56
04072882 | +6122365 | 21783 | 19876 | 20.15 312 1.04 150
04072030 | +6122433 | 2283 20137 | 2029 329 1.00 1.44
04070576 | +6122534 | 22202 | 20701 | 20.06 3.02 112 161
04094703 | +612003.1 | 24325 | 20837 | 2042 343 0.99 1.43
04090951 | +6120288 | 23099 | 20837 | 20.19 318 1.07 1.54
04085700 | +6120288 | 22232 | 20419 | 20.12 3.09 1.08 155
04084499 | +6120359 | 21992 | 20481 | 20.06 3.03 1.10 1.59
04083348 | +6120394 | 23547 | 20701 | 2031 330 1.02 147
04081996 | +612053.6 | 23697 | 2045 20.38 3.40 0.98 1.42
04080844 | +612057.0 | 21783 | 20293 | 20.06 3.03 1.09 1.58
04075543 | +612056.6 | 21215 | 20032 | 20.00 297 1.10 1.59
04074141 | +612107.0 | 21634 | 19708 | 20.15 313 1.03 1.48
04072889 | +612110.1 | 21425 | 19.698 | 20.11 3.09 1.04 150
04071687 | +6121168 | 22411 | 20001 | 2024 323 1.01 1.46
04070384 | +6121269 | 21873 | 20419 | 2005 3.02 1.10 1.59
04101348 | +6118252 | 23488 | 20555 | 2032 333 1.01 145
04095948 | +6118220 | 23667 | 20471 | 2038 338 0.99 142
04094649 | +6118295 | 23607 | 20617 | 2033 334 1.01 145
04093100 | +611840.6 | 23637 | 20764 | 2031 331 1.02 1.48
04091100 | +611851.6 | 22501 | 20795 | 20.09 3.06 L11 1.60
04085800 | +611851.6 | 21455 | 20544 | 19.94 291 115 1.66
04084450 | +611855.1 | 22142 | 20607 | 20.06 3.03 L11 1.60
04083300 | +6119094 | 23338 | 20628 | 2028 328 1.03 1.48
04081699 | +6119128 | 23069 | 20429 | 2027 327 1.02 147
04080599 | +6119233 | 21305 | 20126 | 20.00 2.96 111 1.60
04075448 | +6119230 | 21126 | 19781 | 20.04 3.00 1.07 155
04074348 | +6119263 | 20707 | 19374 | 20.04 3.01 1.05 1.51
04072896 | +6119437 | 20886 | 19364 | 20.08 3.05 1.04 1.49
04071696 | +6119360 | 20049 | 19395 | 19.90 2.86 111 1.59
04070495 | +6119462 | 19152 | 19677 | 19.66 261 123 1.77
04065243 | +6119563 | 19929 20.44 19.66 262 127 1.83
04102241 | +6116548 | 23069 | 20534 | 2025 324 1.03 1.49
04101042 | +6116445 | 23129 | 20419 | 2029 328 1.02 1.46
04095794 | +6116520 | 23787 | 20346 | 2042 344 0.96 139
04094646 | +6117067 | 23667 | 20617 | 2034 335 1.00 145
04093197 | +611707.0 | 23876 | 20847 | 2033 334 1.02 147
04090849 | +6117252 | 22351 | 20868 | 2005 3.02 113 1.63
04085650 | +611721.6 | 2.1664 | 20669 | 19.96 2.92 115 1.66
04084201 | +6117215 | 22232 | 20575 | 20.09 3.06 1.10 1.58
04082902 | +6117430 | 23039 | 20367 | 2028 328 1.01 1.46
04081753 | +6117392 | 22471 | 20231 | 2020 3.19 1.04 1.49
04080653 | +6117533 | 21455 | 19907 | 20.08 3.05 1.07 1.54
04075354 | +6117530 | 20946 | 19573 | 2005 3.01 1.06 153
04074253 | +611810.6 | 2.0468 | 19311 | 20.01 297 1.06 153
04072953 | +611810.1 1.969 19217 | 19.87 2.82 111 1.60
04071804 | +6118132 | 17955 | 18987 | 19.54 250 1.24 178
04070353 | +6118233 | 1.7866 | 19.301 | 19.46 242 1.30 1.87
04065353 | +6118263 | 1.8763 19.74 19.56 252 1.28 1.84
04064053 | +6118255 | 19869 | 20356 | 19.67 2.62 127 1.82
04102384 | +6115140 | 23278 | 20607 | 2028 327 1.03 148
04100837 | +6115253 | 23368 20.45 20.32 333 1.00 145
04095789 | +6115256 | 23637 | 20481 | 2037 338 0.99 143
04094492 | +6115259 | 23847 20.68 20.36 337 1.00 1.44
04093394 | +6115405 | 24176 | 20889 | 2038 339 1.01 145
04090649 | +6115480 | 22411 | 20889 | 20.06 3.03 113 1.62
04085501 | +611551.6 | 22142 | 20628 | 20.06 3.03 111 1.60
04084153 | +6116059 | 23039 | 20513 | 2025 324 1.03 1.49
04082905 | +6116022 | 23009 | 20231 | 2030 330 1.00 1.44
04081756 | +6116092 | 2262 | 20314 | 2021 3.20 1.04 1.49
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R.A(J2000) | Dec.J2000) | F(60) | F(100) T, B, T) My Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10710) 5572 | (x1027)kg | (x107) mag
04080607 | +611616.1 | 21932 | 20022 | 20.14 312 1.05 1.51
04075209 | +6116193 | 21574 | 19.698 | 20.14 312 1.03 1.48
04074110 | +6116298 | 20288 | 19489 | 19.93 2.89 1.10 158
04072811 | +6116365 | 1963 19.05 19.89 2.85 1.09 157
04071661 | +6116539 | 17716 | 18831 | 19.52 248 1.24 1.78
04070361 | +6117041 | 17537 19.04 19.44 241 1.29 1.86
04065312 | +6117035 | 18613 | 19426 | 19.59 255 1.24 1.79
04063813 | +6117098 | 1.9301 | 19949 | 19.63 259 1.26 1.81
04062663 | +6117198 | 2.1245 | 20868 | 19.84 2.80 122 175
04103224 | +6113400 | 23458 | 20868 | 2025 324 1.05 1.51
04102029 | +6113549 | 231290 | 20753 | 2022 320 1.06 1.52
04100782 | +611351.7 | 23817 | 20534 | 2039 3.40 0.99 1.42
04095536 | +6114065 | 24475 | 20669 | 2048 351 0.96 1.39
04094239 | +6114032 | 24265 20.68 2044 346 0.98 141
04093242 | +6114106 | 24295 | 20753 | 2043 345 0.98 1.41
04091945 | +6114143 | 24086 | 20795 | 2038 339 1.00 1.44
04090599 | +6114180 | 22261 | 20732 | 20.06 3.03 112 1.61
04085501 | +6114252 | 22321 | 20565 | 20.11 3.08 1.09 157
04084054 | +6114359 | 23488 | 20492 | 2034 334 1.00 1.44
04082807 | +6114502 | 23637 | 20471 | 2037 338 0.99 1.42
04081809 | +6114500 | 23607 | 20555 | 2035 335 1.00 1.44
04080312 | +6114533 | 22531 | 20325 | 20.19 318 1.04 1.50
04075264 | +6114530 | 2268 19938 | 2031 330 0.98 1.42
040740.16 | +6115069 | 2.1634 | 19.687 | 20.16 314 1.02 1.48
04072668 | +6115208 | 19989 | 19311 | 19.91 2.87 1.10 1.58
04071519 | +6115239 | 1.8793 19.05 19.71 2.67 117 1.68
04070221 | +6115268 | 1.8823 1927 19.67 2.63 1.20 1.72
04064823 | +6115332 | 19331 | 19813 | 19.67 2.62 123 178
04063674 | +6115469 | 19980 | 20743 | 19.62 257 131 1.89
04103117 | +6112065 | 23189 | 20743 | 2023 322 1.05 1.52
04102021 | +6112105 | 23547 | 20607 | 2032 333 1.01 1.46
04100826 | +6112145 | 24086 | 20555 | 2043 345 0.97 1.40
04095381 | +611222.1 | 24774 | 20429 | 2058 3.64 0.92 1.32
04094335 | +6112332 | 24594 20.45 20.55 359 093 1.34
04092990 | +611237.0 | 24086 | 20607 | 2042 344 0.98 141
04091894 | +6112443 | 22919 | 20659 | 2020 318 1.06 153
04090399 | +6112480 | 22052 | 20669 | 2003 3.00 112 1.62
04085402 | +6112444 | 22471 | 20649 | 20.12 3.09 1.09 1.57
04084006 | +6113023 | 23667 | 20575 | 2035 336 1.00 1.44
04082660 | +6113093 | 23727 | 20732 | 2033 333 1.01 1.46
04081663 | +6113128 | 23039 | 20805 | 20.19 317 1.07 1.54
04080267 | +6113196 | 22919 | 2069 | 20.19 317 1.06 153
04075170 | +611330.1 | 23069 | 20555 | 2025 324 1.04 1.49
04073923 | +6113369 | 2277 20293 | 2025 324 1.02 147
04072726 | +6113328 | 21365 | 20032 | 2003 3.00 1.09 157
04071379 | +6113394 | 21275 | 20043 | 2001 298 1.10 1.58
04070331 | +6113497 | 21066 | 20335 | 1991 2.87 1.16 1.67
04065133 | +611407.0 | 21305 | 20701 | 19.88 2.84 1.19 171
041031.60 | +611040.1 2286 | 20628 | 20.19 318 1.06 153
041018.16 | +6110442 | 23218 2044 | 2030 330 1.01 1.46
04100672 | +611051.8 | 23936 | 20408 | 2044 346 0.96 139
04095377 | +6110557 | 23936 | 20.189 | 2048 351 0.94 135
04094283 | +6111140 | 23697 | 20168 | 2045 347 095 137
04092739 | +6111106 | 22471 2022 | 2021 3.19 1.03 1.49
04091643 | +6111143 | 22291 | 20314 | 2015 313 1.06 1.53
04090548 | +6111180 | 22232 | 20502 | 20.10 3.07 1.09 1.57
04085253 | +6111288 | 2286 | 20659 | 20.19 317 1.06 1.53
04084157 | +6111395 | 24026 | 20795 | 2037 338 1.00 145
04072582 | +6112280 | 23189 | 20868 | 2021 3.19 1.07 1.54
04104296 | +6108552 | 22381 | 20816 | 20.07 3.04 112 1.61
04103153 | +6109065 | 22351 | 20241 | 20.18 3.16 1.05 1.51
04101959 | +610914.1 | 22561 | 20053 | 2026 325 1.01 1.45
04100617 | +610921.8 | 23039 | 19.896 | 2038 339 0.96 138
04095274 | +6109294 | 22411 | 19886 | 2027 326 1.00 1.44
04094080 | +6109404 | 2.1514 | 19.886 | 20.09 3.06 1.06 1.53
04092836 | +610940.6 | 21305 | 19959 | 20.04 3.00 1.08 156
04091592 | +6109515 | 21185 | 20043 | 19.99 2.96 111 1.59
04090498 | +6109588 | 2.1753 | 20387 | 20.03 3.00 111 1.60
04085204 | +6110060 | 2289 | 20701 | 20.18 3.17 1.07 1.54
04103940 | +6107325 | 21903 | 20837 | 19.97 293 1.16 1.67
04102947 | +6107402 | 2.1514 | 20.189 | 20.03 2.99 1.10 1.59
04101704 | +6107442 | 21694 | 19667 | 20.17 3.15 1.02 147
04100412 | +610741.1 | 21395 | 19311 | 20.19 317 0.99 1.43
04095170 | +6107522 | 2.0916 19.51 20.05 3.02 1.05 1.52
04094176 | +6108032 | 20647 | 19.635 | 19.97 2.94 1.09 1.57
04092734 | +6108106 | 20498 | 19708 | 19.93 2.89 111 1.60
04091641 | +6108179 | 20677 | 19876 | 19.93 2.89 L12 1.62
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Table 25 — continued from previous page

R.A(J2000) | Dec.J2000) | F(60) | F(100) T, B, T) My Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10710) 5572 | (x1027)kg | (x107) mag
04090348 | +6108324 | 21932 | 20.147 | 20.12 3.09 1.06 1.53
04085055 | +6108288 | 23189 | 20669 | 2025 324 1.04 1.50
04104131 | +6105588 | 2.1903 | 20.596 | 20.02 2.99 113 1.62
04102791 | +6106102 | 2.1245 | 19949 | 20.03 2.99 1.09 157
04101550 | +610617.9 | 20647 | 19395 | 20.02 2.99 1.06 1.53
04100507 | +6106182 | 20408 | 19.061 | 2005 3.02 1.03 1.49
04095265 | +6106258 | 20288 | 19301 | 19.97 2.93 1.07 1.55
04094023 | +6106260 | 1972 19.51 19.81 277 115 1.66
04092732 | +6106406 | 1978 19499 | 19.82 278 1.14 1.65
04091391 | +6106552 | 2.0438 | 19708 | 19.92 2.87 L12 1.61
04090248 | +610651.6 | 21753 | 20.158 | 20.08 3.05 1.08 155
04085056 | +6106588 | 23637 | 20837 | 2029 329 1.03 1.49
04104073 | +6104325 | 21185 | 20628 | 19.88 2.83 1.19 171
041027.83 | +610436.6 | 2.1544 19.75 20.13 3.10 1.04 1.50
04101494 | +6104515 | 20797 | 19259 | 20.08 3.05 1.03 1.48
04100253 | +6104519 | 20797 | 19.165 | 20.10 3.08 1.02 1.46
04095063 | +610506.6 | 20109 19.52 19.89 2.85 112 1.61
04093971 | +6105068 | 19541 | 19677 | 19.74 2.69 1.19 1.72
04092780 | +6105106 | 19421 | 19614 | 1973 2.68 1.19 1.72
04091291 | +6105180 | 20767 | 19959 | 19.93 2.89 113 1.62
04090050 | +610521.6 | 22561 | 20304 | 2020 3.19 1.04 1.50
041039.66 | +6103025 | 2.1753 2044 | 20.02 2.99 112 161
04102628 | +610303.1 | 21753 | 19813 | 20.15 313 1.03 1.49
04101438 | +6103179 | 21514 | 19405 | 2020 318 1.00 1.44
04100249 | +6103255 | 2.1873 | 19.667 | 2021 3.19 1.00 145
04094960 | +610333.0 | 22142 | 20022 | 20.18 317 1.03 1.49
04093621 | +6103369 | 21096 | 20.168 | 19.95 291 113 1.63
04092530 | +6103407 | 2.1066 | 20064 | 19.97 2.93 112 1.61
04091290 | +6103444 | 21903 | 20273 | 20.09 3.06 1.08 1.56
04090000 | +6103444 | 23069 | 20534 | 2025 324 1.03 1.49
04103810 | +6101362 | 22172 | 20398 | 20.11 3.09 1.08 155
04102671 | +6101403 | 22202 | 19771 | 2025 324 1.00 143
04101334 | +610148.0 | 22531 | 19677 | 2033 334 0.96 1.39
04100293 | +6101555 | 23218 | 20481 | 2029 329 1.02 147
04095104 | +6101558 | 23189 | 20607 | 2026 325 1.03 1.49
04093816 | +6102069 | 2265 20534 | 2017 3.15 1.06 153
04092429 | +6102215 | 22501 | 20314 | 20.19 317 1.04 150
04091338 | +6102144 | 2259 | 20304 | 2021 3.19 1.04 1.49
04090000 | +6102288 | 23308 | 20325 | 2034 334 0.99 1.43
04103753 | +610009.8 | 22531 | 20429 | 20.17 3.15 1.06 1.52
04102416 | +6100104 | 22919 | 20043 | 2033 333 0.98 1.42
04101229 | +610018.0 | 23069 | 20137 | 2034 334 0.98 1.42
04100041 | +6100256 | 23577 | 20743 | 2030 330 1.03 1.48
040949.02 | +610033.0 | 2286 2092 | 2013 311 1.10 1.58
040938.13 | +6100405 | 22351 | 20555 | 20.11 3.09 1.09 157
04092129 | +6100443 | 22082 | 20189 | 20.14 311 1.06 1.52
04091090 | +610048.0 | 21724 | 20043 | 20.10 3.07 1.06 153
040857.03 | +6100552 | 2.1455 | 20314 | 19.99 295 112 1.62
04103498 | +6058435 | 23817 | 20805 | 2033 333 1.02 147
04102262 | +6058512 | 23966 | 20607 | 2040 341 0.98 142
04101076 | +6059024 | 24325 | 20617 | 2046 349 0.96 139
04094899 | +605906.6 | 22142 2069 | 2005 3.01 112 1.61
04093315 | +6059105 | 20976 | 20241 19.91 2.87 115 1.66
04092276 | +6059215 | 2.0856 19.99 19.94 2.90 112 1.62
04090940 | +6059324 | 20677 | 19761 | 19.95 291 L11 1.59
04085852 | +6059252 | 2.1036 | 20231 | 19.93 2.89 1.14 1.65
04084416 | +6059323 | 2.1634 | 20649 | 19.96 2.92 115 1.66
04094647 | +6057295 | 21932 | 20649 | 2001 2.98 113 1.63
04093214 | +6057334 | 2.1365 2021 20.00 2.96 111 1.61
04091978 | +6057443 | 2.1036 | 19917 | 19.99 295 1.10 1.58
04090940 | +605751.6 | 20617 | 19813 | 19.93 2.89 112 1.61
04085802 | +6057588 | 21185 | 20283 | 1995 291 1.14 1.64
04094496 | +605606.7 | 22471 | 20878 | 20.07 3.04 112 1.61
04093162 | +6056034 | 22291 | 20461 | 20.12 3.10 1.08 155
04091976 | +605617.9 | 2.1066 | 20.095 | 19.96 292 112 1.62
04090939 | +605621.6 | 20856 | 20.147 | 19.91 2.87 115 1.65
04085506 | +6056288 | 22142 | 20575 | 2007 3.04 1.10 1.59
04093258 | +605437.0 | 22531 | 20816 | 20.09 3.07 111 1.60
04092024 | +6054407 | 21275 | 20325 | 19.95 2.92 1.14 1.64
04090741 | +6054444 | 21006 | 20314 | 19.90 2.86 1.16 1.67
04085506 | +6055024 | 2.1873 | 20534 | 20.03 2.99 112 1.61
04084272 | +605455.1 | 2286 | 20753 | 20.17 3.15 1.08 1.55
04083037 | +605509.4 | 23458 | 20638 | 2030 330 1.02 147
04081605 | +605512.8 | 23637 | 20805 | 2030 330 1.03 1.48
04093157 | +6053034 | 22082 | 20753 | 20.02 2.99 113 1.63
04091924 | +605307.1 | 2.0976 | 2044 19.87 2.83 118 1.70
04090543 | +605318.0 | 2.0946 | 2021 19.91 2.87 115 1.65
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R.A(J2000) | Dec.J2000) | F(60) | F(100) T, B, T) My Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10710) 5572 | (x1027)kg | (x107) mag
04085309 | +6053288 | 22052 | 20283 | 20.11 3.09 1.07 1.55
040839.77 | +605328.7 | 2265 20314 | 2022 321 1.03 1.49
04082990 | +6053394 | 2277 | 20304 | 2024 323 1.02 1.48
04081609 | +6053464 | 2274 | 20273 | 2025 323 1.02 147
04080622 | +605349.7 | 22919 20.45 20.24 323 1.03 1.49
04091824 | +6051407 | 2.1096 | 20335 | 19.92 2.88 115 1.66
04090591 | +6051408 | 2.0498 20.22 19.82 278 1.19 171
04085310 | +6051552 | 2.1604 | 20084 | 2007 3.04 1.08 155
04083979 | +6052023 | 22142 | 20064 | 20.18 3.16 1.04 1.49
04082943 | +605213.0 | 21962 | 19771 | 2020 3.19 1.01 1.46
04081612 | +605223.6 | 21275 | 19.687 | 20.09 3.06 1.05 1.51
04080428 | +6052233 | 21724 | 20001 | 20.11 3.08 1.06 153
04075294 | +6052338 | 2277 2044 | 2022 320 1.04 1.50
04092807 | +605017.8 | 2286 | 20659 | 20.19 317 1.06 153
04091675 | +605017.9 | 21425 | 20502 | 19.95 291 115 1.66
04090394 | +605021.6 | 2.1395 | 20262 | 19.99 295 112 1.61
04085261 | +6050324 | 21783 | 20064 | 20.11 3.08 1.06 1.53
04083931 | +605028.7 | 2.1664 | 19.886 | 20.12 3.10 1.05 1.51
04082847 | +6050322 | 20916 | 19.552 | 20.04 3.01 1.06 153
04081566 | +605039.1 | 20019 | 19437 | 19.89 2.85 111 1.61
04080335 | +605046.1 | 20288 | 19.583 | 19.91 2.87 L11 1.60
04075151 | +605100.1 | 20797 | 19729 | 19.98 295 1.09 1.57
04073771 | +6051068 | 2.1783 | 20387 | 20.04 3.01 L11 1.59
04093937 | +6048440 | 23180 | 20764 | 2023 321 1.05 1.52
04092756 | +6048478 | 22291 | 20544 | 20.10 3.08 1.09 1.57
04091378 | +6048588 | 2.1604 | 20.596 | 19.96 2.92 115 1.66
04090197 | +6048552 | 2.1843 | 20408 | 2005 3.01 1.10 1.59
04085163 | +6048552 | 22501 | 20252 | 2020 3.19 1.04 1.49
040839.82 | +6049023 | 2.1903 | 19.813 | 20.18 3.16 1.02 147
04082800 | +604909.4 | 20557 19.52 19.98 294 1.08 1.56
04081324 | +604909.1 | 19989 | 19353 | 19.90 2.86 L11 159
04080241 | +6049160 | 1978 19447 | 19.84 279 1.14 1.64
04075108 | +6049229 | 1969 1951 19.80 276 115 1.66
04073827 | +6049333 | 20348 | 20158 | 19.80 276 1.19 1.72
04072595 | +604950.8 228 20711 | 2017 3.14 1.07 155
04095359 | +6046557 | 2.1903 | 20575 | 20.02 2.99 112 1.62
04093934 | +6047105 | 2283 20502 | 2021 320 1.05 1.51
04092508 | +6047143 | 22261 | 20461 | 20.12 3.09 1.08 1.56
04091180 | +6047144 | 21992 | 20617 | 2003 3.00 112 1.62
04090246 | +604721.6 | 22919 | 20607 | 2021 3.19 1.05 1.52
040848.69 | +6047324 | 23009 | 20419 | 2026 326 1.02 147
04083639 | +6047359 | 22172 | 20126 | 20.17 3.15 1.04 1.50
04082655 | +604750.1 | 2.1126 1974 | 20,05 3.01 1.07 1.54
04081327 | +6047535 | 20348 | 19729 | 19.89 2.85 113 1.63
04080245 | +6047532 | 20169 | 19761 | 19.85 281 115 1.66
04074818 | +604800.0 | 20109 | 20273 | 1973 2.69 123 177
04073588 | +6048032 | 21574 | 2045 19.99 295 1.13 1.63
04072308 | +604809.8 | 22471 | 20764 | 20.09 3.06 111 1.59
04095158 | +6045222 | 21694 | 20575 | 19.98 295 1.14 1.64
04094078 | +6045260 | 22261 | 20408 | 20.13 3.10 1.07 1.55
04092702 | +604540.6 228 20659 | 20.18 3.16 1.07 1.54
04083542 | +6046203 | 23338 | 20659 | 2028 327 1.03 1.49
04082461 | +6046165 | 22022 | 20377 | 20.09 3.06 1.09 157
04081134 | +6046163 | 20856 | 20043 | 19.93 2.89 113 1.63
04075954 | +6046268 | 2.0976 | 20074 | 1995 291 113 1.62
04074725 | +6046372 | 2.1604 | 20429 | 20.00 2.96 113 1.62
04073544 | +6046403 | 22411 | 20743 | 20.09 3.06 L11 1.60
04072561 | +604647.1 | 2289 | 20826 | 20.16 314 1.08 1.56
04100136 | +604359.1 | 22202 | 20837 | 20.03 2.99 1.14 1.64
04095008 | +6044066 | 2.1425 | 20732 | 19.90 2.86 118 170
04093732 | +604417.7 | 22321 | 20544 | 20.11 3.08 1.09 157
04092602 | +604425.1 | 231290 | 20659 | 2024 323 1.05 1.51
04082562 | +6044393 | 22471 | 20408 | 20.17 3.15 1.06 153
04081236 | +6044535 | 21305 | 20273 | 19.97 293 1.13 1.63
04080008 | +6044460 | 21813 | 20429 | 20.04 3.00 L11 1.60
04074877 | +6045108 | 22291 | 20826 | 20.05 3.01 1.13 1.62
04094906 | +6042367 | 2.1962 | 20805 | 19.99 295 115 1.66
04093679 | +6042369 | 2.1903 | 20596 | 20.02 2.99 1.13 1.62
04092600 | +604237.1 | 23248 | 20753 | 2024 323 1.05 1.51
04082270 | +6043237 | 2286 | 20847 | 20.15 313 1.09 157
04080798 | +6043306 | 22351 | 20764 | 2007 3.04 L11 1.61
04093529 | +604114.1 | 22471 | 20826 | 20.08 3.05 L11 1.60
04092451 | +6041215 | 23248 | 20858 | 2022 320 1.06 1.53
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Table 26: The Database of far infrared cavity CASKK3 nearby to the AGB star AGB0538+1216 located
with in G195-11. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 pm and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 ym and visual extinction (in mag) of the corresponding pixels,respectively.

RA.(J2000) | Dec.J2000) | F(60) | F(100) | 1Ig B, T) My Ay
hh mm ss dd mm ss Mly) Mly) (K) (x10716) js~2 (x1026) kg (x1079) mag
05 3527.85 122021.3 4.28 23.32 22.60 6.79 1.11 0.81
053521.71 1220 17.6 4.27 23.40 22.56 6.71 1.12 0.82
05 35 27.86 1218 36.9 4.31 23.41 22.61 6.82 1.11 0.81
053521.22 121844 4.28 23.36 22.58 6.76 1.11 0.81
05 35 16.07 1217 14 4.25 23.40 22.54 6.67 1.13 0.82
05358.7 1217 10.3 4.30 23.40 22.60 6.78 1.11 0.81
053533 1217 6.6 4.29 23.38 22.58 6.76 1.11 0.81
0534 56.91 121717.3 433 23.33 22.65 6.88 1.09 0.80
0534 51.51 1217 13.6 4.34 23.15 22.71 7.01 1.07 0.78
05 34 44.63 1217242 4.42 23.25 22.77 7.13 1.05 0.77
0535 22.71 121544.1 4.19 23.19 2251 6.63 1.13 0.82
0535 15.58 121547.6 4.10 22.97 22.44 6.49 1.14 0.83
0535 9.44 1215439 4.11 22.82 22.50 6.60 1.11 0.81
05 35 3.06 121551 4.08 22.60 22.50 6.61 1.10 0.80
05 34 56.92 12 1550.9 4.10 22.69 22.50 6.61 1.11 0.81
05 34 50.78 121547.2 4.19 22.65 22.63 6.85 1.07 0.78
0534 45.13 12 15 50.6 4.32 22.717 22.77 7.12 1.03 0.75
0534 38.5 12 1550.5 4.38 23.07 22.77 7.13 1.04 0.76
05 35 28.61 1214 17.7 4.24 23.05 22.60 6.80 1.09 0.80
053521.97 1214 17.7 4.07 22.86 22.44 6.48 1.14 0.83
0535 15.59 121421.2 4.00 22.54 2242 6.45 1.13 0.82
05359.2 1214211 3.99 22.33 22.45 6.51 1.11 0.81
05353.31 121421 4.04 2224 22.54 6.68 1.07 0.78
053457.17 1214245 4.06 22.36 22.53 6.66 1.08 0.79
053451.77 121420.8 4.12 22.37 22.60 6.80 1.06 0.77
053445.14 121427.8 4.22 22.62 22.68 6.95 1.05 0.77
05 34 38.75 1214 27.7 4.32 22.83 22.76 7.10 1.04 0.76
05 35 58.57 121233.6 4.30 23.32 22.62 6.83 1.10 0.80
053552.18 1212335 4.28 23.26 22.60 6.80 1.10 0.80
05 3547.03 1212335 4.23 23.28 22.54 6.68 1.12 0.82
05 35 40.15 12 12 40.6 4.19 23.13 22.52 6.65 1.12 0.82
05 35 34.26 1212442 4.19 22.94 22.56 6.72 1.10 0.80
05 3527.87 121244.1 4.09 2273 22.49 6.59 1.11 0.81
053521.73 1212513 4.00 22.73 2237 6.37 1.15 0.84
0535 15.84 121247.6 3.99 22.36 22.44 6.49 1.11 0.81
0535 10.19 1212511 4.02 21.99 22.57 6.74 1.05 0.77
05353.32 121258.2 4.02 22.15 22.53 6.66 1.07 0.78
05 34 56.93 12 1258.1 4.06 22.25 22.56 6.72 1.07 0.78
05 34 50.79 1213 1.6 4.11 22.36 22.59 6.78 1.06 0.78
0534449 121314 4.26 22.54 22.75 7.08 1.03 0.75
0534 39.01 121349 4.34 22.79 22.79 7.16 1.03 0.75
0534 32.62 121348 4.41 23.30 22.75 7.09 1.06 0.77
05 35 58.82 12113.6 4.17 23.00 2252 6.64 1.12 0.81
053551.94 12117.1 4.19 22.80 22.60 6.80 1.08 0.79
05 35 46.54 1211 10.7 4.21 22.86 22.61 6.81 1.08 0.79
05353991 1211 10.6 4.18 22.69 22.62 6.82 1.07 0.78
05 35 33.77 1211142 4.12 22.56 22.57 6.73 1.08 0.79
05 3527.88 1211 14.1 4.08 22.53 22.52 6.65 1.09 0.80
053521.25 121117.6 3.93 22.50 2233 6.30 1.15 0.84
0535 15.85 121117.6 3.96 22.28 2242 6.45 1.11 0.81
05359.71 1211175 4.03 22.04 22.57 6.74 1.05 0.77
05352.83 121121 4.08 22.15 22.60 6.80 1.05 0.77
05 34 57.68 1211209 4.12 22.37 22.61 6.81 1.06 0.77
0534 51.05 121120.8 4.19 22.49 22.67 6.93 1.05 0.76
0534 44.17 1211242 4.32 22.58 22.81 7.21 1.01 0.74
0534 38.28 1211277 4.37 22.81 22.82 7.23 1.02 0.74
0534 32.39 121127.6 4.40 23.14 22.78 7.15 1.04 0.76
0534 26.25 121131 433 23.23 22.67 6.93 1.08 0.79
0536 47.67 12983 4.44 23.30 22.79 7.16 1.05 0.77
053641.53 129119 4.41 23.36 22.74 7.06 1.07 0.78
05364.22 129372 4.20 23.22 2252 6.64 1.13 0.82
05 35 57.59 129408 4.13 22.90 22.49 6.59 1.12 0.82
053551.7 12940.7 4.14 22.60 22.59 6.77 1.08 0.78
05 35 46.05 12940.7 4.19 22.65 22.64 6.86 1.06 0.78
053539.18 12937 4.07 22.50 22.52 6.63 1.09 0.80
053533.53 12937 4.03 22.19 22.53 6.66 1.07 0.78
05 35 27.64 129405 3.97 22.12 2247 6.55 1.09 0.79
0535215 129369 3.90 22.29 2233 6.30 1.14 0.83
0535 15.61 129404 391 22.12 22.39 6.40 1.11 0.81
05359.71 129475 4.06 22.01 22.61 6.82 1.04 0.76
continued on next page
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Table 26 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%0)kg | (x107) mag
053526 129474 417 226 | 2269 6.98 1.03 075
05345695 | 129509 413 247 22.60 6.80 1.06 078
05345057 | 12940 420 22.63 22.65 6.89 1.06 0.77
05344394 | 129398 434 269 | 2282 722 1.01 074
053437.8 129469 431 279 | 2275 7.08 1.04 076
05343264 | 129468 433 296 | 2274 7.07 1.05 076
05342626 | 129574 426 2312 | 2261 6.82 1.09 0.80
05342086 | 129537 430 2336 | 2261 6.80 111 0381
05364742 | 127527 437 2333 22.70 7.00 1.08 0.78
05364129 | 12749.1 433 23.13 22.70 6.98 1.07 078
05363417 | 127492 420 23.01 22.56 6.71 1.10 0.81
05362803 | 127492 424 2304 | 2260 6.80 1.09 0.80
05362263 | 127492 425 23.18 22.58 6.76 1.10 0.81
05 36 4.46 1283.6 4.14 22.85 22.53 6.66 111 081
05355759 | 12872 4.03 22,63 2243 6.48 1.13 0.82
05355194 | 128107 405 2245 22,50 6.61 1.09 0.80
05354605 | 128107 411 232 | 2261 6.82 1.06 0.77
05353992 | 128106 401 2.15 2.52 6.64 1.07 0.78
05353378 | 128178 393 21.88 2248 6.57 1.07 078
05352691 | 12814.1 3.98 2189 | 2254 6.67 1.06 0.77
05352101 | 128176 3.94 nn | 24 6.45 L11 0.81
05351488 | 12814 3.94 211 2244 6.49 1.10 0.80
05 35 8.99 128103 4.07 214 | 2259 6.78 1.05 0.77
05352.85 128138 4.17 236 | 2267 6.93 1.04 076
05345647 | 128173 4.16 22.67 22.60 6.79 1.08 0.79
05345033 | 128136 420 270 | 2264 6.87 1.07 078
053443.7 12817 433 22.75 22.79 7.16 1.02 075
05343854 | 12824.1 429 29 | 2269 6.97 1.06 0.77
05343265 | 128204 430 2297 22.70 6.98 1.06 0.77
05342603 | 128238 424 23.27 2.55 6.69 112 0.82
05341989 | 128309 424 23.13 2259 6.77 1.10 0.80
05364104 | 12619.1 426 23.15 22.60 6.80 1.10 0.80
05363515 | 126264 415 2261 22.60 6.79 1.07 0.78
05362901 | 126264 4.09 2251 22.54 6.69 1.08 0.79
05362214 | 12630 4.09 22,53 22.53 6.67 1.09 0.79
05361625 | 126336 4.06 299 | 2239 6.40 1.16 0.84
0536 10.6 126336 4.11 271 2.52 6.64 1.10 0.80
0536 4.47 126336 4.07 249 | 2251 6.63 1.09 0.80
05355784 | 126408 3.96 2233 2241 6.43 112 0.82
05355244 | 12637.1 4.02 214 | 2253 6.66 1.07 078
0535 46.3 126443 4.05 22,01 22,61 6.81 1.04 076
053540.16 | 126442 3.96 202 | 2248 6.57 1.08 0.79
05353378 | 126442 391 21.87 245 6.50 1.08 0.79
05352691 | 12640.5 3.93 21.83 22.49 6.59 1.07 078
05352176 | 126369 3.97 209 | 2248 6.57 1.08 0.79
05351562 | 12644 3.98 219 | 247 6.55 1.09 0.80
0535825 126475 4.16 22.18 271 7.00 1.02 0.74
05353.1 12718 4.19 234 | 271 7.01 1.03 0.75
05345598 | 12717 416 259 | 2261 6.82 1.07 0.78
05345034 | 12716 427 264 | 2274 7.06 1.03 0.75
05344395 | 126578 435 2278 2281 7.20 1.02 0.74
05343855 | 126577 435 2300 | 2276 7.10 1.04 076
05343266 | 12784 429 299 | 2268 6.94 1.07 078
05342628 | 12782 421 2332 | 2250 6.60 1.14 0.83
05341965 | 127117 422 23.18 22.55 6.69 112 0381
05364006 | 124563 421 2339 | 2248 6.57 115 0.84
053634.9 12536 4.11 264 | 2254 6.68 1.09 0.80
05362901 | 124564 4.09 239 | 2257 6.74 1.07 078
05362238 | 124528 4.00 246 | 2244 6.49 L12 0.81
05361698 | 124528 3.92 2254 | 2231 6.26 1.16 0.85
05361011 | 12572 4.00 2251 243 6.47 L12 0.82
0536 4.47 12456.4 3.98 212 | 2249 6.58 1.08 0.79
05355809 | 124528 3.97 22.03 22.50 6.60 1.08 0.78
053551.7 12535 4.04 2182 | 2264 6.87 1.02 075
05354557 | 12535 4.00 2190 | 22.57 6.74 1.05 0.76
05353943 | 1257 3.96 2186 | 22.52 6.65 1.06 0.77
05353379 | 12534 4.00 21.78 22.59 6.78 1.03 0.75
05352839 | 12533 397 2186 | 22.53 6.67 1.06 0.77
05352201 | 125105 3.98 22.18 2248 6.56 1.09 0.79
05351538 | 125104 4.09 229 | 2259 6.78 1.06 0.77
0535777 125175 421 227 275 7.09 1.01 074
05352.13 125138 422 n3n | 275 7.10 1.01 074
05345623 | 125173 4.17 n4 | 2266 691 1.05 076
05345059 | 125244 4.13 22.58 22.58 675 1.08 0.79
05344421 | 125314 433 22.65 2281 7.20 1.01 074
05343832 | 125277 429 2281 2.7 7.03 1.05 076
05343218 | 125276 428 2300 | 2267 6.93 1.07 078
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Table 26 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%0)kg | (x107) mag
05342605 | 125274 422 2316 | 22.56 6.71 111 0.81
05 34 20.4 125345 428 2332 | 2259 6.78 111 0381
053634.9 12330 422 296 | 2260 6.79 1.09 0.79
05362827 | 123228 4.16 259 | 2261 6.82 1.07 078
05362214 | 123264 4.02 247 2246 6.53 L11 0.81
05361698 | 12330 3.93 239 | 2236 6.34 1.14 0.83
0536 9.87 123336 3.96 2228 2243 6.47 L11 0.81
05363.98 123336 4.00 2199 | 22.54 6.68 1.06 0.77
05355784 | 123372 3.98 21.98 2.52 6.64 1.07 0.78
05355146 | 123479 4.00 21.87 22.57 6.74 1.05 076
05354631 | 123407 4.05 21.88 22.64 6.87 1.03 075
05354042 | 123478 4.04 21.81 22.63 6.86 1.03 075
05353404 | 123478 4.09 2171 2.7 7.03 0.99 0.73
05352839 | 123513 4.04 21.85 22.63 6.85 1.03 075
05352176 | 123585 3.98 221 22.46 6.52 1.10 0.80
05351538 | 12344 4.09 220 | 2261 6.82 1.05 0.77
05358.76 123475 4.14 22,07 271 7.00 1.02 0.74
0535238 123546 4.14 213 22.70 6.98 1.02 075
05345624 | 123509 4.10 2223 22.62 6.84 1.05 076
05345084 | 123508 4.09 2231 22.59 6.77 1.06 0.77
05344471 | 123506 423 22.58 22.70 6.98 1.04 0.76
05343857 | 123577 427 22.58 275 7.09 1.03 075
05343219 | 12354 431 2302 | 2270 6.99 1.06 0.77
05342679 | 12482 429 2340 | 22.59 6.77 111 0381
05363465 | 1220 433 2306 | 2271 7.00 1.06 0.77
05362803 | 121492 421 269 | 2265 6.88 1.06 078
05362238 | 12236 4.10 2254 | 2255 6.70 1.08 0.79
05361625 | 1223.6 3.96 254 | 2236 6.34 115 0.84
05361011 | 121528 4.00 227 2248 6.57 1.09 0.80
05 36.3.98 1220 4.03 2.11 2.55 6.70 1.06 0.78
053557.84 | 12236 3.98 2190 | 22.54 6.69 1.06 0.77
05355146 | 1227.1 4.03 21.87 2261 6.81 1.03 0.75
05354582 | 122107 401 21.97 2256 6.73 1.05 0.77
05353895 | 122106 402 21.91 22.58 6.76 1.04 0.76
0535333 122178 4.07 21.88 22.66 691 1.02 0.74
05352766 | 12214.1 4.03 21.78 22.63 6.85 1.02 075
05352128 | 122105 4.02 21.98 22.58 675 1.05 0.77
05351441 | 12268 4.03 21.91 22.60 6.79 1.04 076
05358.03 122139 4.06 21.63 272 7.02 0.99 0.72
05352.14 122102 4.07 21.87 22.67 6.93 1.02 074
05345625 | 122101 4.08 21.97 22.65 6.89 1.03 075
05345061 | 122208 4.06 2.11 22.60 6.79 1.05 0.77
05344423 | 122206 424 234 | 2277 7.12 1.01 074
05343834 | 122241 423 22.57 271 7.01 1.04 076
05343146 | 122312 430 2304 | 22.69 6.96 1.07 0.78
05363392 | 12030 426 2293 22.66 6.91 1.07 0.78
05362803 | 120336 421 22,63 2267 6.93 1.05 0.77
05362165 | 120372 4.14 2253 22.60 6.79 1.07 0.78
05361576 | 12030 4.03 242 | 2248 6.57 1.10 0.80
05369.13 120264 4.05 219 | 2256 6.71 1.07 0.78
05 363.24 120264 4.06 216 | 2258 6.75 1.06 0.77
05355785 | 120336 4.04 213 22.57 6.73 1.06 0.77
05355122 | 120335 4.19 22.05 2278 7.14 0.99 0.73
05354582 | 120407 4.07 21.88 22.66 6.90 1.02 075
053539.69 | 120406 4.02 2186 | 22.60 6.79 1.04 076
05353331 | 120442 4.03 21.87 22,61 6.82 1.03 075
05352742 | 120477 3.98 2072 | 2259 6.77 1.03 075
05352129 | 120405 4.00 2170 | 22.62 6.83 1.02 075
05351466 | 12047.6 4.00 2171 22,61 6.82 1.03 075
0535828 12051.1 3.98 2176 | 2258 675 1.04 076
05 35 1.66 12051 4.07 2176 | 22.69 6.97 1.01 0.73
05345552 | 120473 4.06 21.97 22.63 6.85 1.03 075
05345012 | 120544 4.14 210 | 2270 6.99 1.02 0.74
05344399 | 120506 421 2.11 22.78 7.15 1.00 0.73
05343834 | 120577 430 256 | 2280 7.18 1.01 0.74
05343197 | 12112 430 23.18 22.64 6.88 1.09 0.79
05364029 | 1158563 428 2338 22.58 6.76 111 0.81
05363391 | 11590 424 270 | 2268 6.95 1.05 0.77
05362803 | 1158564 4.17 2261 22.62 6.84 1.07 078
05362165 | 115936 4.15 n7n | 256 6.73 1.09 0.79
053616 115936 4.07 260 | 2249 6.58 L11 0.81
0536938 115972 4.14 256 | 2258 6.76 1.08 078
0536177 115972 4.16 2251 22.63 6.84 1.06 0.77
05355588 | 1159107 4.14 246 | 2262 6.82 1.06 0.77
05355073 | 1159107 4.13 234 | 2263 6.86 1.05 0.77
05354558 | 11597.1 4.16 22.18 2.71 7.00 1.02 075
053539.69 | 1159142 4.09 21.93 22.67 6.93 1.02 0.74
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Table 26 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%0)kg | (x107) mag
05353356 | 1159142 412 2182 | 2274 7.07 0.99 0.73
05352816 | 115917.7 4.00 2164 | 2262 6.84 1.02 074
05352178 | 1159105 3.99 2175 22.59 6.78 1.03 075
05351516 | 1159284 3.98 21.88 22.54 6.68 1.06 0.77
0535829 1159247 4.09 21.68 2.73 7.05 0.99 0.72
053524 1159282 4.12 21.77 276 7.10 0.99 0.72
05345675 | 115928.1 4.14 21.81 277 7.12 0.99 0.72
05344964 | 1159207 4.08 206 | 2263 6.85 1.04 076
05344449 | 1159206 420 209 | 2279 7.16 0.99 0.73
05343835 | 1159277 432 2271 278 7.14 1.02 075
05343296 | 1159312 438 2341 22.69 6.98 1.08 0.79
05364004 | 115719.1 437 23.28 271 7.01 1.07 0.78
05363538 | 1157192 433 23.03 2271 7.02 1.06 0.77
05362778 | 1157156 431 2304 | 22.69 6.97 1.07 0.78
053622.14 | 115730 429 2334 | 2259 6.78 111 0.81
05355785 | 1157372 438 2320 | 2274 7.07 1.06 0.77
05355098 | 1157299 435 2298 22.76 7.11 1.04 0.76
05354558 | 1157299 435 270 | 2282 723 1.01 0.74
05353871 | 115737 422 2238 273 7.05 1.02 075
05353307 | 1157406 420 21.77 22.85 730 0.96 0.70
053528.16 | 1157405 4.10 21.68 275 7.08 0.99 0.72
05352056 | 115744 3.92 2182 | 2248 6.56 1.07 078
05351467 | 115744 3.97 200 | 2250 6.60 1.07 078
05359.03 1157439 4.01 2072 | 2262 6.84 1.02 075
05353.14 1157438 4.09 204 | 2265 6.88 1.03 075
05345676 | 1157437 4.18 2.17 274 7.07 1.01 0.74
05345039 | 1157472 4.10 214 | 2264 6.88 1.04 076
0534445 115747 424 230 | 2279 7.16 1.00 0.73
05343885 | 1157541 437 2316 | 2274 7.06 1.06 0.77
05354534 | 1156107 434 2300 | 2273 7.05 1.05 0.77
05353945 | 11567 428 2231 22.82 7.23 0.99 0.73
05353357 | 115617.8 429 21.91 22.94 747 0.95 0.69
05352694 | 115614.1 4.10 21.77 273 7.05 1.00 0.73
05352106 | 1156177 4.03 2192 | 2260 6.79 1.04 0.76
05351492 | 1156248 402 212 | 2255 6.69 1.07 078
05358.79 1156 17.5 4.09 22.07 22.64 6.86 1.04 076
05352.41 115617.4 4.15 230 | 2266 691 1.04 076
05345653 | 1156173 421 249 | 2270 6.98 1.04 076
05345039 | 1156172 425 25 | 274 7.07 1.03 075
05344426 | 115617 428 2261 2276 7.10 1.03 075
05343813 | 1156313 443 2321 22.80 7.19 1.04 076
05354534 | 1154371 429 2302 | 2268 6.94 1.07 0.78
05 35 39.7 115437 4.19 242 | 2268 6.95 1.04 076
05353382 | 1154442 4.18 21.98 278 7.15 0.99 0.72
05352744 | 1154405 412 22.07 22.68 6.96 1.02 075
05352106 | 115444.1 4.18 227 271 7.01 1.02 075
05351517 | 115444 4.17 2251 22.64 6.87 1.06 0.77
05 35 8.06 115451.1 4.15 22.53 2.62 6.83 1.06 0.78
0535242 1154474 418 22,68 2261 6.82 1.07 0.78
05345604 | 1154509 428 2.77 272 7.03 1.04 0.76
05 34 50.4 115450.8 429 2283 272 7.02 1.05 076
05344378 | 1154578 439 22381 2285 7.29 1.01 0.74
053550.5 11537.1 438 2340 | 22.69 6.97 1.08 0.79
053545.1 1153143 425 22.88 22.66 691 1.07 078
05353921 | 1153178 4.16 22.38 22.65 6.90 1.05 076
05353308 | 115325 4.17 22,07 274 7.07 1.01 0.73
05352744 | 1153177 4.13 221 22.66 691 1.04 0.76
05352131 | 1153177 422 2251 2.71 7.00 1.04 076
05351518 | 1153176 426 2300 | 2264 6.86 1.08 0.79
05 35 7.82 1153103 429 2304 | 2266 6.92 1.07 078
0535 1.94 1153246 432 29 | 27 7.02 1.06 0.77
05345605 | 1153245 430 299 | 2269 6.97 1.06 0.78
05345016 | 1153136 438 23.05 2.8 7.15 1.04 0.76
05344403 | 1153134 441 2309 | 22.80 7.18 1.04 0.76
05355124 | 1151443 437 23.15 22.74 7.07 1.06 0.77
05354535 | 1151443 429 294 | 2270 6.98 1.06 0.77
05353922 | 1151406 425 249 | 2274 7.07 1.02 0.75
05353333 | 1151442 425 215 22.83 7.24 0.99 0.72
05352745 | 115144.1 422 2245 272 7.04 1.03 075
05352107 | 1151369 422 2295 22.60 6.80 1.09 0.79
0535 14.2 115144 430 23.18 22.65 6.89 1.08 0.79
0535243 1151546 438 23.25 2.73 7.05 1.06 078
05345679 | 1151545 439 2320 | 2276 7.10 1.05 0.77
05345066 | 1151544 441 2319 | 2278 7.14 1.05 076
05344453 | 1151543 453 2316 | 2293 745 1.00 0.73
05355124 | 1150179 437 23.03 2.6 711 1.04 076
05354462 | 1150143 442 2286 | 2287 732 1.01 0.73
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Table 26 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%0)kg | (x107) mag
05353849 | 115025 428 2253 2278 7.14 1.02 0.74
05353285 | 1150214 429 224 | 2286 731 0.98 0.72
05352647 | 1150213 425 2251 275 7.08 1.02 075
05352034 | 115014 425 2285 22.66 6.90 1.07 078
0535 14.7 1150 10.4 431 2336 | 2262 6.84 1.10 0.80
0534438 1150242 458 2341 2294 7.46 1.01 074
05355663 | 114848 441 233 | 275 7.09 1.06 0.77
05355026 | 114855.1 443 296 | 2286 731 1.01 0.74
05354511 | 114855.1 437 274 | 2284 727 1.01 0.73
05353849 | 1148586 432 22.53 22.83 7.4 1.00 0.73
05353285 | 114855 436 2222 | 2295 7.49 0.96 0.70
05352648 | 1148513 432 269 | 2279 7.16 1.02 0.74
05 3520.1 1148584 427 299 | 2265 6.90 1.07 0.78
05351348 | 1148548 438 23.27 272 7.03 1.07 0.78
053556.88 | 1147108 427 2300 | 22.65 6.89 1.08 0.78
053550.51 | 114717.9 442 273 2291 7.40 0.9 0.72
05354413 | 1147215 436 2245 22.89 738 0.98 0.72
05353825 | 1147142 433 243 2286 730 0.99 0.72
05353286 | 1147106 441 2225 23.00 7.60 0.94 0.69
05352624 | 1147177 433 22.83 2.77 7.12 1.03 075
05352011 | 1147177 437 29 | 279 7.17 1.03 075
05351398 | 1147212 442 233 | 2276 711 1.06 0.77
05369.63 114530 437 2330 | 2271 7.01 1.07 078
0536326 1145444 427 2323 22.60 6.78 1.10 0381
05355664 | 114548 427 273 2.7 7.02 1.04 076
05355051 | 1145407 434 236 | 2290 738 0.98 071
05354487 | 1145479 428 234 | 2282 722 1.00 0.73
05353801 | 1145442 435 243 22.89 737 0.98 0.72
05353286 | 1145514 441 224 | 2301 7.62 0.94 0.69
05352624 | 1145513 443 2.77 2291 7.40 0.99 0.72
05361551 | 11440 427 2332 | 2258 675 111 0.81
05368.9 114436 426 23.18 22.60 6.79 1.10 0.80
0536 2.77 1144108 417 2281 2258 6.75 1.09 0.79
05355615 | 114418 433 269 | 2280 7.19 1.02 0.74
05355051 | 1144107 4.40 2235 297 753 0.96 0.70
05354463 | 1144107 431 254 | 2281 721 1.01 0.74
0535385 1144178 436 227 2294 747 0.96 0.70
05353311 | 1144142 439 227 22.98 7.54 095 0.69
05352551 | 114414.1 437 2297 2278 7.15 1.04 076
05361478 | 1142372 427 2341 22.56 6.71 L12 0.82
0536939 114230 426 2309 | 2262 6.84 1.09 0.79
0536 2.52 114248 421 23.03 2.57 6.73 1.10 0.80
05355664 | 1142336 433 2276 | 2278 7.15 1.03 075
053551 114237.1 4.40 22.73 2.87 733 1.00 0.73
05354488 | 1142443 436 279 | 28 722 1.02 0.74
05353899 | 1142515 434 2255 2285 7.29 1.00 0.73
05353262 | 1142406 436 22 | 2295 7.48 0.96 0.70
05352649 | 1142585 433 29 | 2274 7.07 1.04 0.76
05351939 | 1142585 436 2335 22.68 6.94 1.08 0.79
05361478 | 114136 432 2338 22.63 6.85 1.10 0.80
05368.65 114136 436 2333 22.68 6.95 1.08 0.79
05362.53 1141108 428 2314 | 2263 6.86 1.09 0.79
05355591 | 1141108 435 294 | 2276 711 1.04 076
05354978 | 1141143 444 2295 22.88 735 1.01 073
053544.14 | 1141107 438 22.85 22.83 725 1.02 074
05353826 | 1141107 443 22.83 22.89 737 1.00 0.73
05353263 | 1141214 435 22.37 22.90 739 0.98 071
05352576 | 114114.1 433 22.98 2.73 7.05 1.05 0.77
05352037 | 1141213 432 2341 2.62 6.83 1.10 0.81
05 36 2.04 113940.8 442 2332 | 2276 711 1.06 0.77
05355665 | 1139336 435 23.28 22.69 6.96 1.08 0.79
05355125 | 1139408 4.50 2314 | 2290 738 1.01 0.74
05354488 | 113937.1 447 2324 | 2285 7.28 1.03 075
05353851 | 113937.1 4.50 2310 | 2291 741 1.01 0.73
05353165 | 113937 4.40 2261 2291 7.40 0.98 0.72
05352528 | 1139513 435 2316 | 2272 7.03 1.06 0.77
053519.64 | 1139513 441 2336 | 2275 7.08 1.06 0.78
05353239 | 1138106 455 2300 | 23.00 7.60 0.98 071
05352602 | 1138213 4.49 2341 22.83 7.24 1.04 076
05353117 | 1136514 4.67 2334 | 2305 7.70 0.98 071

239




Table 27: The Database of far infrared cavity CASKK4 nearby to the AGB star AGB0555+2827 located
with in G182+00. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 pm and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 ym and visual extinction (in mag) of the corresponding pixels,respectively.

RA.(J2000) | Dec.J2000) | F(60) | F(100) | 1Ig B, T) My Ay
hh mm ss dd mm ss Mly) Mly) (K) (x10716) js~2 (x1028) kg (x1079) mag
05 54 56.24 2917 46.1 1.99 23.16 19.16 2.16 3.11 2.52
05 54 49.36 29 1746.2 2.11 22.96 19.42 2.39 2.79 2.25
0554422 2917427 2.18 23.02 19.56 2.52 2.66 2.15
05 54 36.15 2917 35.6 2.13 23.05 19.45 242 2.78 2.24
05 54 27.62 291735.7 2.10 22.98 19.41 2.38 2.81 227
0554 21.01 2917358 2.08 23.13 19.34 232 2.90 234
05 54 14.68 291721.5 2.12 23.18 19.40 237 2.84 2.30
0554 8.08 291721.5 2.14 23.16 19.46 242 278 2.25
0554 0.92 2917 28.7 2.17 23.06 19.52 248 2.71 2.19
05 53 54.59 291721.5 2.13 23.01 19.45 2.42 2.77 2.24
0553 48.27 2917 14.2 221 23.14 19.58 2.54 2.65 2.15
05551.73 2916159 2.06 23.18 19.31 2.29 2.95 2.38
05 54 55.67 2916 16.1 1.92 22.93 19.07 2.09 3.20 2.58
05 54 49.62 2916 16.2 2.01 22.70 19.28 2.26 292 2.36
0554 42.19 2916 16.3 2.03 22.68 19.32 2.30 2.87 232
05 54 35.86 29165.6 2.01 22.79 19.26 2.25 2.95 2.39
05 54 28.16 29162.1 2.12 22.77 19.48 245 2.71 2.19
0554 22.38 291622 2.05 23.00 19.31 2.29 292 2.36
0554 14.4 29 1551.5 2.04 23.05 19.28 227 2.96 2.39
055478 2915479 2.07 22.93 19.35 2.33 2.86 231
0554 0.92 29 1555.1 2.09 22.93 19.39 2.36 2.82 2.28
05 53 53.77 29 1540.7 2.08 22.81 19.39 2.37 2.81 227
055347.72 2915514 2.16 23.00 19.51 247 2.71 2.19
0553 41.67 291555 2.20 23.02 19.59 2.55 2.63 2.13
0555 2.81 2914459 2.05 23.16 19.28 227 297 240
05 54 55.38 2914 389 1.87 22.70 19.00 2.03 3.26 2.63
05 54 49.88 2914 39 1.90 22.47 19.11 2.12 3.08 2.49
0554 43.01 2914 39.1 1.96 22.51 19.21 221 2.97 2.40
05 54 35.86 2914 32.1 2.01 22.47 19.33 231 2.83 2.29
05 54 29.53 29 14 28.5 2.08 22.54 19.44 241 2.72 220
0554 22.93 2914322 2.11 22.87 19.44 240 2.77 224
0554 15.5 2914287 2.08 23.01 19.36 234 2.86 231
05549.18 2914179 2.06 22.84 19.35 2.33 2.85 2.30
055412 2914179 2.04 22.79 19.33 231 2.87 232
0553 55.15 29 14 10.7 2.06 22.82 19.37 234 2.83 2.29
05534745 29147 2.12 22.84 19.46 243 2.73 221
055341.12 29 1359.8 2.16 23.00 19.52 248 2.70 2.18
05559.12 2913 12.1 2.00 23.13 19.20 2.19 3.07 248
055528 2913159 1.97 22.90 19.17 2.17 3.07 248
05 54 56.75 2913125 1.84 22.49 18.98 2.01 325 2.62
0554 48.77 29139 1.84 22.26 19.03 2.05 3.15 2.55
05 54 42.45 291356 1.87 22.23 19.08 2.09 3.09 2.50
05 54 36.67 29135.6 1.98 22.36 19.28 2.27 2.87 2.32
05 54 29.25 29132.1 2.08 22.50 19.45 2.41 2.71 2.19
05 54 23.47 291255 2.09 22.84 19.41 2.38 2.79 2.25
05 54 16.05 2912479 2.06 23.02 19.32 230 291 2.35
055489 2912515 2.09 22.88 19.41 2.38 2.79 2.26
055423 2912479 2.01 22.71 19.27 2.26 292 2.36
05 53 54.05 291237.1 1.96 22.72 19.19 2.18 3.03 245
0553 48.28 2912514 2.09 22.81 19.41 2.38 2.78 2.25
0553403 29 12 40.6 2.19 23.01 19.56 2.52 2.65 2.14
05 55 9.66 2911 38.5 1.98 22.97 19.18 2.18 3.07 248
0555251 29 11 38.7 1.92 22.64 19.11 2.12 3.11 251
05 54 55.64 2911425 1.80 22.21 18.94 1.98 3.26 2.63
05 54 49.59 2911354 1.81 21.99 19.01 2.04 3.14 2.54
05 54 42.99 2911319 1.88 21.92 19.15 2.15 2.96 239
05 54 35.29 29 1132.1 1.90 22.19 19.16 2.16 2.99 2.41
05 54 30.07 2911249 2.01 22.34 19.35 232 2.80 226
05 54 23.47 291128.6 2.03 22.77 19.30 2.29 2.90 2.34
0554 16.32 291121.5 2.05 22.88 19.34 2.32 2.87 2.32
05549.17 2911 21.5 2.07 22.92 19.36 2.34 2.85 2.30
0554 2.03 2911 21.5 1.93 22.76 19.12 2.12 3.12 2.52
0553 55.15 2911179 2.00 22.71 19.26 2.25 2.93 237
0553 48.01 29117 2.13 23.00 19.46 242 2.76 223
055341.41 29117 2.23 23.09 19.63 2.59 2.60 2.10
0555 17.61 2910154 1.99 23.04 19.19 2.19 3.06 247
05559.92 2910157 1.96 22.88 19.15 2.15 3.09 2.50
0555 2.49 2910 12.3 1.83 22.52 18.95 1.99 3.29 2.66
0554559 2910 12.5 1.70 22.08 18.75 1.84 3.50 2.83
05 54 50.12 291018 1.77 21.67 18.97 2.01 3.14 2.54
continued on next page

240



Table 27 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
05544353 | 291019 1.84 21.80 19.10 211 3.00 242
05543556 | 299549 191 22,05 19.21 220 2.92 2.36
05542896 | 29955 1.99 2231 19.30 228 2.84 230
05542154 | 29955 1.98 22,69 1923 222 297 2.40
05541522 | 299587 2.03 22.89 19.30 228 292 236
05549.17 29955.1 201 22.90 19.25 224 2.98 241
055423 299515 1.93 2281 19.11 2.12 313 253
05535571 | 299515 201 22.70 19.28 227 291 236
05534883 | 299406 220 23.01 19.58 254 2.64 2.13
05534279 | 29955 223 23.19 19.60 256 2.64 2.13
05533482 | 299477 228 23.16 19.71 2.67 253 2.04
05532822 | 29929.6 225 23.16 19.65 2.60 259 2.09
05532163 | 29933.1 223 23.17 19.61 257 2.63 2.12
055518.14 | 298454 1.93 22.86 19.10 211 3.15 254
05559.07 29842.1 1.86 2253 19.01 2.03 322 261
0555248 298387 176 2237 18.84 1.90 343 277
05545643 | 298389 1.67 21.74 18.75 1.83 345 2.79
05545039 | 298426 1.74 21.57 18.92 1.96 320 258
05544297 | 298463 1.87 21.69 19.17 2.17 291 235
05543638 | 298465 191 22.10 19.18 218 295 238
05542978 | 298357 1.93 2235 19.19 2.19 297 2.40
05542319 | 298322 1.96 271 19.18 218 3.03 245
05541577 | 298179 1.97 22,93 19.17 2.17 3.07 248
0554 9.45 29825.1 2.00 2278 19.25 224 2.96 2.40
0554 2.85 298215 201 2262 19.30 228 2.88 233
05535543 | 298143 2.06 22.60 19.40 237 278 224
05534939 | 298214 2.17 22,90 19.55 251 2.65 2.14
05534307 | 298142 2.17 23.15 19.52 248 272 220
05533702 | 29810.5 223 23.10 19.62 258 261 211
05532851 | 29756 218 23.02 19.55 251 2.67 2.16
05532191 | 297523 2.11 23.14 19.39 236 2385 230
055517.03 | 297119 1.89 275 19.03 2.05 322 2.60
0555 9.61 29785 1.77 2235 18.86 1.92 339 274
0555329 29787 1.73 2226 18.79 1.86 347 2.81
05545642 | 297233 1.63 21.67 18.67 1.77 3.56 288
05 54 50.1 297126 1.73 21.45 18.93 1.97 317 2.56
05544378 | 29719 1.86 2172 19.15 2.15 293 237
05543582 | 29793 1.94 2.11 19.25 224 2.88 232
05543032 | 29757 1.93 2237 19.19 218 2.98 241
05542291 | 296514 1.99 22,69 19.24 223 2.96 239
05541521 | 296479 2.02 23.00 19.25 224 2.99 242
05 54 9.99 29655.1 1.99 292 19.20 2.19 3.04 246
0554 2.58 29655.1 1.98 22,62 19.24 223 2.94 238
05535681 | 296407 2.08 22.58 19.43 2.40 274 221
055349.67 | 29640.6 220 22.86 19.61 257 259 2.10
05534307 | 296442 2.17 23.01 19.54 250 2.68 2.16
05533483 | 296297 222 22.90 19.64 259 257 2.07
05532879 | 2963638 2.11 22.98 19.42 239 2.79 226
05532137 | 29633.1 2.09 2298 19.38 235 2.84 230
05531533 | 296257 213 23.12 19.44 241 2.79 2.26
05538.74 296328 222 23.14 19.60 256 2.63 213
05551701 | 295563 1.83 2262 18.95 1.99 331 267
05551042 | 295421 176 22.08 18.89 1.94 331 268
0555 4.92 295423 1.74 2201 18.85 1.91 335 271
05545723 | 295497 1.61 21.56 18.64 175 358 2.90
05545037 | 295462 175 21.54 18.95 1.99 3.15 255
055443.5 295463 1.85 21.82 19.11 2.12 2.99 242
05543746 | 295356 1.92 22.10 19.22 221 291 235
05542949 | 295466 201 22.53 1932 230 2.85 230
05 5424 295322 2.07 22.80 19.39 236 281 227
05541604 | 295323 2.09 2322 19.35 233 2.90 234
05 54 9.44 29525.1 2.06 23.04 1933 230 291 235
0554 2.85 295215 201 2267 19.29 228 2.90 234
05535544 | 295215 2.11 2258 19.49 245 2.68 217
05535077 | 29517.9 2.17 22.65 19.59 255 258 2.09
05534225 | 295178 2.17 22.84 19.56 252 2.63 2.13
05533539 | 295177 220 292 19.60 2.56 261 2.11
05532797 | 295104 213 2293 19.46 243 274 222
05532166 | 29459.5 2.04 23.05 19.27 226 297 2.40
05531479 | 294485 212 2295 19.45 242 2.76 223
05537.1 29459.1 213 23.06 19.45 241 278 225
0553 1.61 294482 224 23.17 19.63 259 2.60 2.10
0552553 29448 226 23.18 19.66 2.62 258 2.08
05551782 | 294155 1.85 22,64 18.98 201 327 2.64
05551123 | 294157 1.80 22,09 18.96 2.00 321 2.60
05 55 4.09 294123 1.72 21.95 18.82 1.89 339 274
05545777 | 294124 1.66 21.70 18.72 1.81 348 281
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Table 27 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
05545173 | 294126 175 21.70 18.92 1.97 321 259
05544404 | 294127 1.81 21.91 19.03 205 311 251
05543827 | 29492 1.95 22.14 19.27 225 2.86 231
05543086 | 29457 208 2249 19.45 2.42 271 2.19
0554229 29458 2.10 23.05 19.40 237 2.83 228
05541768 | 29423 213 2332 19.41 238 2.85 230
05 54 9.99 293515 213 23.12 19.43 2.40 2.80 226
055445 293479 2.00 22.67 19.27 226 2.92 236
055357.09 | 293407 211 22.46 19.51 247 2.64 2.13
05535105 | 293407 218 22,63 19.62 257 256 2.07
05534171 | 29337 2.17 22.76 19.57 253 2.62 2.12
05533402 | 293369 2.16 23.07 19.50 246 273 220
05532771 | 293332 2.12 23.07 19.43 2.40 2.80 226
055321.67 | 293403 2.04 23.02 19.29 227 295 238
05531481 | 293293 2.07 22.80 19.39 236 2.81 227
05 53 7.94 293256 205 22.76 1936 233 2.84 2.29
05532.18 293326 2.14 278 19.51 248 2.68 2.16
05525531 | 293324 224 292 19.67 2.62 2.54 2.05
05551889 | 292382 1.87 2279 18.99 2.02 328 265
05551148 | 292493 1.83 242 18.98 201 324 2.62
0555435 292423 1.77 2228 18.88 1.93 335 271
05545776 | 292352 1.67 211 18.68 178 3.61 292
05545034 | 292354 175 21.95 18.88 1.93 331 2,67
05544458 | 292319 1.82 21.96 19.04 2.06 3.10 251
05543717 | 292321 1.96 2226 1927 225 2.87 232
05543113 | 292321 2.08 22.54 19.44 241 272 220
05542317 | 292214 2.07 23.05 1935 233 2.88 233
055417.13 | 292143 2.12 23.25 19.40 237 2.85 231
05541054 | 292143 211 23.02 19.41 238 281 227
0554423 292107 201 22.56 19.30 229 2.87 232
05535627 | 2927.1 2.07 22.46 19.43 2.40 272 220
05535077 | 292143 223 22.74 19.68 2.64 2.50 2,02
05534336 | 29234 2.16 22.96 19.52 248 2.69 2.18
055335.13 | 292105 220 23.11 19.57 253 2.66 215
05532936 | 29232 212 2323 19.41 238 2.84 2.30
05532223 | 29267 2.03 22.88 19.28 227 293 237
05531592 | 291522 2.04 262 19.36 233 282 228
05539.05 29152 205 22.54 1938 235 278 225
05532.19 291518 2.08 22.46 19.45 242 270 218
05525506 | 29148 215 272 19.55 251 2.63 2.12
055519.15 | 291262 1.86 23.01 18.94 1.98 338 273
05551174 | 291193 1.85 2262 18.98 201 328 2.65
055557 291158 191 2291 19.05 2.07 323 261
05545829 | 29188 1.84 22.60 18.96 2.00 329 2.66
05545198 | 2919 1.83 22.46 18.96 2.00 327 2.65
05544539 | 2919.1 201 2233 1935 232 2.80 226
05543798 | 290584 2.04 22.46 19.38 235 278 2.4
05543194 | 290585 2.09 281 19.41 238 2.79 226
05542426 | 290586 212 2335 19.38 236 2.88 233
05541658 | 29123 2.14 2339 19.42 239 2.85 2.30
0554 9.99 29123 2.11 22.89 19.44 241 276 223
0554395 290479 2.03 22.65 1933 231 2.86 231
05535764 | 29037.1 213 272 19.51 247 2,67 2.16
05534941 | 290406 230 2091 19.78 274 243 1.97
05532882 | 290404 2.16 23.12 19.49 245 274 222
05532114 | 29033.1 2.03 22.93 19.29 227 2.93 237
05531565 | 290329 2.00 2251 19.29 228 2.88 233
0553 8.24 290184 207 22.55 19.42 239 274 221
0553 1.93 290218 2.10 22,69 19.46 243 272 220
0552548 290252 2.07 22.58 19.41 238 275 223
055249.03 | 29028.6 2.10 23.07 19.39 236 2.84 230
05552545 | 285959.6 1.86 23.17 18.90 1.95 346 279
055518.59 | 285949 1.85 23.02 18.92 1.96 341 276
055510.9 2859457 1.93 23.01 19.08 2.09 320 258
0555 4.87 285938.7 2.04 2323 19.26 225 3.01 243
05545938 | 28593838 1.99 2322 19.15 2.16 313 253
05545252 | 2859354 2.03 22.89 19.29 228 2.93 237
05544621 | 2859355 2.06 22.67 19.39 236 279 225
05 54 37.7 285932 2.16 22.84 19.55 251 265 2.14
05543112 | 2859429 218 2335 19.50 246 2.76 223
05542316 | 2859286 215 23.53 19.41 238 287 232
05541602 | 2859287 217 2375 19.40 237 291 235
05 54 9.99 2859 28.7 2.12 2324 19.40 237 2.85 231
055434 285917.9 2.03 22.84 1931 229 2.90 235
05535627 | 2859143 2.17 22,96 19.53 250 2.68 2.16
05535078 | 2859179 230 23.18 19.74 2.69 250 2.02
05532225 | 2858595 1.98 23.02 19.18 2.18 3.08 2.49
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
05531594 | 2858558 2.02 262 1931 2.29 2.87 232
05 53 8.81 2858 59.2 2.06 2276 19.37 234 2.83 228
0553 1.4 2858554 2.10 272 19.44 241 274 222
05525482 | 285848 2.10 22.60 19.47 243 2.70 218
05524851 | 2858442 2.06 22.88 19.34 232 2.87 232
05524247 | 2858439 2.14 23.18 19.45 242 279 226
05523644 | 2858365 224 23.18 19.62 258 261 211
05 55 25.7 2858 36.8 1.85 23.09 18.90 1.95 345 279
05551939 | 2858298 1.86 22.88 18.95 1.99 334 270
05551226 | 2858264 1.92 22.83 19.08 2.09 317 256
05555.13 285826.7 2.02 22,98 19.26 225 2.98 241
05545772 | 2858304 2.00 23.15 19.19 2.19 3.08 2.49
05545168 | 2858198 2.01 23.00 1923 222 3.01 243
05544483 | 2858127 2.06 2293 1933 231 2.89 233
05543824 | 285856 220 23.13 19.56 252 267 2.16
05543084 | 2858129 223 23.65 19.54 2.50 276 223
05542398 | 285858 220 23.93 19.43 2.40 2.90 235
05541822 | 2857515 2.16 23.97 19.36 234 2.99 241
05541108 | 285859 213 2339 1938 236 2.89 233
0554423 285823 208 2291 19.38 236 2.83 229
05535682 | 285755.1 2.16 2297 19.53 249 268 217
05532308 | 2857367 205 23.12 19.29 227 296 239
05531595 | 285733 2.00 23.01 19.21 221 3.03 245
05 53 9.09 285725.6 2.03 2291 19.28 227 2.94 238
0553 2.51 2857 18.2 2.10 22.90 19.42 239 279 226
05525456 | 285718 2.12 2276 19.47 2.44 271 2.19
055248.8 2857 17.8 2.08 22.80 19.40 237 2.80 226
05524222 | 2857175 2.07 23.04 19.35 233 2.88 233
05523563 | 2857173 225 23.18 19.64 2.60 259 2.09
05552651 | 2856559 1.88 23.09 18.95 1.99 337 273
0555202 285659.8 1.85 2293 18.93 1.97 338 273
05551142 | 2856565 1.83 22.80 18.91 1.96 338 273
05 55 5.66 285653 1.92 22.70 19.11 2.12 312 252
05545798 | 285649.6 1.88 2291 18.99 2.02 330 2,67
05545167 | 2856462 195 22.90 19.14 2.14 311 251
05544454 | 285639.1 2.00 22.87 19.24 2.23 2.98 241
055439.06 | 2856392 213 23.05 19.44 241 2.78 225
05543138 | 2856393 223 2344 19.56 252 2.70 218
05542507 | 2856322 2.19 2377 19.44 241 2.87 232
055417.12 | 2856323 2.09 23.66 1927 226 3.05 247
05541163 | 285625.1 2.08 2326 1933 231 2.93 237
0554395 2856 17.9 2.04 22.86 1932 230 2.89 233
055357.64 | 285625.1 213 23.03 19.46 242 277 224
05538.83 28562.8 2.10 23.17 1937 235 2.87 232
05 533.07 2855554 2.10 23.05 19.39 236 2.84 229
05525512 | 2855552 2.12 22.83 19.47 243 273 221
055249.09 | 2855478 2.10 22.86 19.43 2.40 277 2.4
05524251 | 2855475 2.10 23.09 19.38 235 2.86 231
055235.11 | 2855437 2.18 23.11 19.54 2.50 2.69 2.17
05553883 | 285529 1.87 23.18 18.93 1.97 342 276
055519.08 | 285537 1.87 23.02 18.95 1.99 337 272
0555 11.4 285522.9 1.86 22.88 18.96 1.99 334 2.70
05555.65 2855 19.4 1.93 2274 19.13 213 3.10 251
05545797 | 2855196 1.89 272 19.04 2.06 321 2.60
05545139 | 2855126 1.92 22.88 19.08 2.09 318 257
05544426 | 2855127 2.02 22.89 19.27 226 295 238
05543823 | 285592 213 23.07 19.45 242 277 224
05543219 | 285557 220 2322 19.55 251 2.69 218
05542589 | 2854586 2.14 2332 19.43 2.40 2.83 228
05541821 | 2854587 2.07 2324 19.30 228 2.96 239
05541081 | 285455.1 2.04 22.88 19.32 230 2.90 234
0554423 2854515 201 22.67 19.29 228 2.90 234
05535737 | 2854407 2.04 277 1933 231 2.87 232
05535134 | 2854515 2.10 22.95 19.42 239 2.80 226
055257.61 | 285418.1 2.12 23.07 19.43 2.40 2.80 226
05524911 | 285417.8 2.09 23.14 1936 233 2.89 233
055538.8 2853518 1.86 23.11 18.93 1.97 341 276
0555325 285355.7 1.84 2298 18.90 1.95 343 277
055526.19 | 2853524 1.89 23.17 18.97 2.00 337 272
05551879 | 285349 1.86 23.16 18.92 1.96 343 278
05551166 | 2853565 1.89 2297 19.00 2.02 330 267
05555.91 285353 1.93 2291 19.09 2.10 317 2.56
05 54 59.6 285349.6 1.92 277 19.09 211 314 254
05545247 | 2853498 1.93 22.84 19.11 2.12 313 253
0554448 2853427 201 23.02 19.22 221 3.02 244
05543877 | 2853428 2.17 23.03 19.53 2.49 2.69 2.17
05543219 | 2853465 218 23.16 19.53 249 271 2.19
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x10%8)kg | (x107) mag
05542479 | 2853358 215 23.12 19.47 244 276 223
05541848 | 285343.1 205 23.00 1931 229 292 236
05541163 | 2853323 1.99 2274 19.24 223 297 2.40
055434 285325.1 1.99 22.55 19.28 226 2.90 234
05535737 | 2853215 2.06 262 19.40 237 2.77 224
05535079 | 285325.1 2.04 22.80 19.32 230 2.88 233
05534394 | 285325 2.06 23.12 19.30 228 295 238
05553302 | 285222.1 1.85 22,99 18.93 1.97 3.40 275
05552645 | 285226 1.86 23.05 18.94 1.98 339 274
05551932 | 2852298 1.86 23.02 18.92 1.97 3.40 275
05551165 | 285230.1 1.92 22.88 19.08 2.09 318 257
0555 6.16 2852194 1.98 292 19.18 218 3.06 247
05545959 | 2852124 1.93 22.95 19.09 2.10 318 257
05545328 | 2852126 1.93 22.95 19.08 2.10 318 257
05544533 | 285255 2.01 23.12 19.22 221 3.04 246
05543876 | 2852128 2.13 23.11 19.43 2.40 2.80 226
0554 25.6 285294 2.14 23.08 19.47 244 276 223
0554193 2851514 2.03 23.03 19.27 226 297 2.40
05541135 | 2851479 1.94 22.70 19.15 215 3.07 248
05 54 3.68 2851515 1.96 22.56 19.21 220 2.98 241
05535875 | 2851515 2.00 22.58 19.28 226 2.90 235
0553 50.8 2851443 2.00 22.70 19.27 225 293 237
05534395 | 2851406 205 292 19.32 230 2.90 235
05553958 | 2850554 1.81 23.10 18.82 1.89 3.56 2.88
05553328 | 285129 1.79 22.98 18.81 1.88 3.56 2.88
05552588 | 285059.6 1.86 22,96 18.95 1.99 336 271
055519.03 | 2850562 1.83 22.80 18.92 1.96 338 273
05551245 | 2850564 1.84 22.68 18.96 2.00 330 2.67
05 55 6.42 28 5042.2 1.88 2278 19.02 2.04 325 2.62
05545902 | 2850352 1.87 23.01 18.95 1.99 336 272
05545327 | 2850462 1.94 23.05 19.09 2.10 3.19 258
05544587 | 2850427 2.01 23.18 19.20 2.19 3.07 248
0554 18.2 2850 28.7 2.06 23.16 19.30 228 295 239
0554119 2850215 201 2291 19.26 224 297 2.40
0554532 285025.1 1.96 22,68 19.18 2.18 3.02 2.44
0553 58.2 2850 14.3 1.97 22.67 19.22 221 2.99 241
0553 50.8 2850 14.3 2.00 277 19.24 223 296 2.40
0553445 28507 2.10 2293 19.41 238 2.80 226
05533793 | 285033 215 23.17 19.47 244 276 223
055539.83 | 2849362 1.85 2294 18.93 1.97 338 273
05553353 | 2849257 178 22,98 18.79 1.86 359 2.90
05552695 | 2849223 1.86 22.82 18.96 1.99 333 2.69
05552038 | 2849154 1.86 22,66 18.98 2.02 327 2.64
05551326 | 2849192 178 22.50 18.85 1.91 342 277
0555723 2849 15.8 1.80 22.65 18.87 1.92 343 277
055459.83 | 284952 1.84 23.12 18.89 1.94 347 2.80
05541107 | 2848587 2.06 23.13 1931 2.29 294 238
0554532 284923 1.99 2293 19.20 2.19 3.04 246
05535847 | 2848479 1.97 2.77 19.19 2.18 3.03 245
055350.8 284847.9 1.99 22.89 1921 2.20 3.02 244
05534533 | 2848478 208 23.01 19.37 234 2.86 231
0553382 284847.7 215 23.12 19.48 245 275 222
05533136 | 2848404 215 23.18 19.47 243 277 224
05554638 | 284813.1 1.98 22.98 19.17 217 3.07 249
05554009 | 2848134 1.85 22.79 18.95 1.99 334 2.70
05553378 | 284829 178 2279 18.81 1.88 352 2.85
05552721 | 2847595 1.86 22.80 18.97 2.00 331 2.68
05552063 | 2847454 178 22,69 18.83 1.89 349 2.82
05551434 | 2847528 176 22.50 18.82 1.88 347 281
05 55 6.94 2847494 1.82 2281 18.89 1.94 341 276
0554 6.14 284725.1 2.02 23.14 19.22 221 3.04 246
055359.02 | 2847179 2.03 23.09 19.26 225 2.99 242
05535163 | 2847179 2.06 23.16 19.29 228 2.96 239
05534451 | 2847214 201 23.17 19.21 220 3.06 247
05533821 | 2847177 2.12 23.17 19.40 237 2.84 2.29
05555375 | 2846284 1.97 23.18 19.13 2.14 3.16 255
05554882 | 284643 1.94 2285 19.12 2.13 312 2.52
05554088 | 2846362 1.80 2274 18.86 1.92 345 279
05553458 | 2846364 1.77 22,69 18.81 1.88 352 2.84
05552582 | 2846332 1.84 22.83 18.94 1.98 336 271
05552089 | 2846226 1.83 22.80 18.91 1.96 338 273
05551405 | 2846264 1.81 22.67 18.89 1.94 339 2.74
055572 284633.8 1.93 23.03 19.08 2.09 320 259
055548.8 284522 2.00 23.02 19.21 221 3.04 245
05554031 | 284598 1.97 23.02 19.15 215 311 251
05553429 | 284564 1.90 23.15 19.00 2.03 332 2.68
05552772 | 2844595 1.93 23.17 19.04 2.06 327 2.64
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R.A.(J2000) | Dec.(J2000) | F(60) | F(100) | T4 B(,T) My Ay
hh mm ss dd mm ss (MJy) (MJy) (K) (x10710) 5572 | (x10%8)kg | (x1075) mag
05552169 | 284456.1 1.88 23.05 18.98 201 333 270
05551403 | 2844456 1.90 22.88 19.04 2.06 322 261
0555132 2843408 1.95 23.16 19.09 2.10 321 2.59

Table 28: The Database of far infrared cavity CASKKS nearby to the AGB star AGB0617-0634 located
with in G212-11. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 ym and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 um and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) My Ay
hh mm ss dd mm ss Mly) (Mly) (K) (x10716) 552 (x10%0) kg (x1075) mag
06172878 -63038.4 1.61 15.99 19.80 2.75 2.92 1.37
0617225 -6 3034.8 1.54 16.04 19.60 2.56 3.15 1.47
06172878 -63212 1.56 15.78 19.72 2.68 2.97 1.39
0617225 -63212 1.50 15.52 19.64 2.60 3.01 1.41
0617 16.46 -63212 1.53 15.81 19.63 2.59 3.08 1.44
0617 34.58 -63338.4 1.64 16.00 19.88 2.83 2.84 1.33
061729.02 -63342 1.48 15.40 19.60 2.56 3.03 1.41
0617225 -63338.4 1.43 15.02 19.58 2.54 2.98 1.39
061716.22 -63338.4 1.40 15.22 19.43 2.40 3.19 1.49
0617 10.66 -63345.6 1.46 15.61 19.49 2.46 3.20 1.50
06174.62 -63338.4 1.52 15.69 19.63 2.58 3.06 1.43
0616 59.06 -63338.4 1.56 16.08 19.65 2.61 3.11 1.45
06173482 -6358.4 1.54 15.89 19.63 2.59 3.09 1.45
06172854 -6358.4 1.39 15.10 19.45 2.41 3.15 1.47
06172274 -6354.8 1.33 14.77 19.34 2.31 3.21 1.50
061717.18 -6351.2 1.34 14.74 19.40 2.37 3.14 1.46
0617 10.66 -6351.2 1.35 15.06 19.35 2.32 3.26 1.52
06174.38 -6354.8 1.44 15.14 19.57 2.53 3.01 1.41
0616 58.58 -6354.8 1.55 15.54 19.75 2.71 2.89 1.35
06185.26 -63645.5 1.53 16.01 19.59 2.55 3.16 1.48
06175922 -63641.9 1.58 16.16 19.67 2.63 3.10 1.45
061741.1 -63642 1.61 16.03 19.79 2.75 2.94 1.37
06173482 -63631.2 1.51 15.72 19.61 2.57 3.09 1.44
0617283 -63634.8 1.38 14.99 19.43 2.40 3.15 1.47
06172226 -63638.4 1.31 14.56 19.34 2.31 3.17 1.48
06171742 -63631.2 1.29 14.29 19.37 2.34 3.07 1.44
0617109 -63634.8 1.31 14.66 19.32 2.30 3.21 1.50
06174.14 -63634.8 1.41 14.99 19.52 2.48 3.04 1.42
0616 58.82 -6 36 27.6 1.46 15.24 19.59 2.55 3.01 1.40
061653.02 -6 3624 1.52 15.96 19.57 2.53 3.18 1.48
0618 11.06 -6381 1.55 15.95 19.64 2.60 3.09 1.44
06184.78 -638 1.1 1.46 15.75 19.47 2.44 3.26 1.52
06175898 -638 1.1 1.52 1591 19.58 2.54 3.16 1.48
0617527 -63811.9 1.53 16.10 19.56 2.52 3.22 1.50
0617469 -63811.9 1.51 16.00 19.54 2.50 3.23 1.51
061741.34 -63812 1.52 15.71 19.64 2.60 3.05 1.42
06173554 -6388.4 1.45 15.36 19.55 2.51 3.09 1.44
061729.26 -6388.4 1.35 14.79 19.41 2.38 3.13 1.46
06172274 -6388.4 1.29 14.35 19.33 2.31 3.13 1.46
061717.18 -63812 1.27 14.28 19.29 2.28 3.16 1.48
0617109 -6388.4 1.28 14.55 19.27 2.25 3.25 1.52
06174.86 -6384.8 1.34 14.78 19.37 2.35 3.17 1.48
06165858 -6384.8 1.39 14.99 19.46 2.42 3.12 1.46
061653.5 -6388.4 1.45 15.63 19.46 243 3.24 1.51
06164722 -6388.3 1.52 16.08 19.53 2.50 3.24 1.51
06164142 -6388.3 1.57 16.07 19.67 2.62 3.08 1.44
06163345 -6384.7 1.58 16.02 19.72 2.68 3.01 1.41
061810.82 -63938.2 1.52 15.83 19.61 2.57 3.10 1.45
06185.27 -6 39 34.7 1.43 15.54 19.44 2.40 3.26 1.52
06175898 -63941.9 1.48 15.69 19.53 2.49 3.17 1.48
0617527 -6 39383 1.50 15.76 19.57 2.53 3.14 1.47
0617469 -63941.9 1.45 15.73 19.45 2.42 3.28 1.53
0617 40.86 -63938.4 1.48 15.43 19.59 2.55 3.05 1.42
0617 34.82 -639384 1.44 15.13 19.55 2.51 3.03 1.42
06172878 -639384 1.32 14.77 19.33 2.31 3.22 1.50
06172298 -63938.4 1.28 14.39 19.30 2.28 3.17 1.48
061717.18 -63942 1.25 14.44 19.20 2.19 3.32 1.55
061711.38 -63942 1.26 14.60 19.17 2.17 3.38 1.58
06175.1 -63942 1.28 14.77 19.20 2.19 3.39 1.58
06165882 -63945.6 1.36 15.01 19.38 2.35 3.22 1.50
061653.26 -63938.4 1.41 15.48 19.41 2.38 3.28 1.53
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
06164746 | -639419 145 15.94 19.40 237 338 158
06164045 | -639455 1.53 15.98 19.60 256 3.14 147
06163417 | -63941.9 155 15.97 19.64 2.60 3.09 145
06181107 | -64182 152 1578 19.62 257 3.09 1.44
0618479 64183 1.40 15.42 1938 236 330 1.54
06175899 | -64183 1.44 1553 19.45 242 323 151
06175222 | -64147 1.49 15.81 19.52 248 321 150
06174642 | -64112 143 15.72 19.40 237 334 156
06174159 | -6411.2 1.50 1553 19.63 258 3.03 141
0617353 64057.6 1.49 15.05 19.71 2.67 2.84 133
06172975 | -64112 141 1478 19.58 254 2.93 137
06172395 | -64148 136 1452 19.51 247 2.96 138
061717.18 | 64112 1.33 14.58 19.41 238 3.08 1.44
06171162 | -64112 132 14.69 19.33 231 321 1.50
0617486 | -64112 133 14.90 19.33 231 326 1.52
06165882 | -64112 1.40 15.08 19.46 243 3.13 1.46
0616535 64112 142 15.40 19.43 2.40 323 1.51
06164698 | -64183 1.46 15.81 19.44 241 330 1.54
06164214 | 641119 1.56 16.11 19.64 2.60 312 146
06163489 | -64111.9 1.62 16.12 19.80 275 295 138
06181155 | -642382 1.52 15.72 19.62 258 3.06 143
0618551 64231.1 1.42 1537 19.45 242 320 1.49
0617585 642347 1.39 15.40 1937 234 331 155
0617527 642347 1.4 15.59 19.44 241 326 152
06174715 | -642383 145 15.61 19.46 243 324 151
06174086 | -64238.4 145 15.49 19.51 247 315 147
06173555 | -64238.4 1.48 1526 19.64 2.60 2.96 138
06172902 | -64238.4 1.45 14.91 19.66 2.62 2.87 134
06172322 | -64238.4 1.46 1473 19.73 2.68 277 1.29
0617167 64242 1.40 14.86 19.52 248 3.01 141
06171138 | -64242 1.40 15.07 19.47 2.44 311 145
06175.1 64242 142 15.19 19.49 245 3.12 1.46
06165882 | -64245.6 1.46 1532 19.56 252 3.06 143
06165302 | -64245.6 1.46 15.54 19.51 247 3.16 148
06164697 | -642383 148 15.87 19.49 245 326 152
06164045 | -642347 1.54 16.06 19.59 255 3.17 148
06163441 | -642383 1.57 16.11 19.66 261 3.10 145
06181059 | -644154 1.52 15.86 19.60 256 312 146
0618455 644155 1.44 15.48 19.48 2.44 3.19 1.49
06175899 | -64411.9 1.39 15.40 1937 234 331 155
06175247 | -64483 1.42 1552 19.42 239 328 153
061747.63 | -64411.9 1.42 15.61 1938 235 334 156
06174135 | -64412 1.47 15.61 19.53 249 315 147
06173531 | -64484 1.52 1545 19.71 2.66 2.92 137
06172927 | -64484 1.48 15.14 19.68 2.63 2.89 135
06172347 | 64484 1.48 14.98 19.71 2.66 2.83 1.32
06171718 | -64412 1.42 15.17 19.49 2.46 311 145
0617109 644 12 1.44 1538 19.49 245 3.16 1.47
0617534 | -64484 1.46 15.45 19.54 250 311 145
06165978 | -64412 1.50 1548 19.63 259 3.01 141
06165326 | -64448 1.51 15.64 19.63 258 3.05 142
06164722 | -6441.1 151 15.86 19.56 252 3.16 148
061641.9 644 1.1 1.59 15.94 19.75 270 297 139
06163562 | -643575 1.57 16.13 19.65 2.60 312 146
0618528 64549.1 1.46 15.67 19.49 245 322 150
06175923 | -645527 1.44 15.48 19.48 245 3.19 1.49
06175271 | -645527 1.48 15.54 19.56 252 311 145
06174667 | -645455 1.49 15.65 19.58 254 311 145
06174135 | -64545.6 1.56 1578 19.72 2.68 297 139
06173507 | -64545.6 1.54 15.65 19.69 2.65 2.98 139
06172975 | -64542 1.57 1539 19.84 279 277 130
06172322 | -64542 1.54 1536 19.78 273 2.83 132
0617167 6453438 1.50 1556 19.61 257 3.05 1.42
06171114 | -64542 1.48 1555 19.57 253 3.10 145
06175.1 64538.4 148 15.53 19.56 252 3.10 145
06165881 | -64538.4 1.49 1558 19.59 255 3.08 1.44
06165277 | -64527.6 1.52 15.59 19.68 2.63 298 139
06164721 | -645275 1.53 15.88 19.62 258 3.10 145
06164165 | -645275 1.61 16.00 19.78 274 2.94 137
06163537 | -64531.1 1.58 16.11 19.67 2.63 3.08 1.44
0618479 64783 1.47 15.86 19.47 243 328 153
06175875 | -64783 1.46 15.59 19.52 248 3.17 148
06175295 | -64711.9 1.49 15.64 19.56 252 312 146
06174643 | -64783 1.55 1578 19.68 2.64 301 141
06174135 | -64712 155 15.86 19.67 2.63 3.04 1.42
06173458 | -64784 1.57 15.84 19.72 2.68 2.98 139
06172878 | -64712 1.59 15.68 19.83 279 2.83 132
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
06172347 | -64784 1.56 15.62 19.76 272 2.89 135
06171718 | -64712 1.56 15.68 19.75 271 292 136
06171138 | -64712 1.52 15.57 19.66 261 3.00 1.40
06175.1 64712 151 15.64 19.61 257 3.06 143
0617002 | -647156 1.44 15.51 19.47 244 320 150
0616535 64712 1.49 15.60 19.58 254 3.09 1.44
06164721 | -646575 1.54 15.82 19.65 2.60 3.06 143
06164141 | -64711.9 1.61 16.02 19.79 275 293 137
06163513 | -64747 1.60 16.03 19.76 272 297 139
061848 648419 1.4 15.98 19.35 233 346 1.61
061759 648383 1.44 15.58 19.46 243 323 151
06175295 | -648347 1.45 15.63 19.48 2.44 322 151
06174739 | 648347 1.44 15.78 19.40 237 335 1.57
061741.84 | -64842 1.50 15.80 19.56 252 3.15 147
06173531 | -64842 1.59 15.88 19.77 273 2.93 1.37
06173023 | -64842 1.57 15.90 19.71 267 3.00 1.40
06172419 | -64842 1.56 16.02 19.67 2.62 3.08 1.44
06171646 | -648348 1.56 15.97 19.67 2.63 3.06 143
06171162 | -64838.4 155 15.74 19.71 267 297 139
0617582 | -64842 1.52 15.82 19.61 257 3.10 145
06165954 | -64834.8 1.49 15.64 19.58 254 311 145
06165349 | -64842 1.50 15.71 19.58 254 312 146
06164721 | -64841.9 1.56 15.96 19.67 2.62 3.06 143
06164189 | -648347 1.56 15.96 19.67 2.62 3.06 143
06163561 | -648383 1.58 15.86 19.74 270 2.96 138
0616286 | -64845.4 1.54 16.06 19.59 255 3.17 1.48
061848 65083 1.46 15.98 19.40 237 339 158
06175948 | -6501.1 1.40 15.49 19.37 234 333 1.56
06175368 | -6504.7 1.39 15.60 1931 229 343 1.60
06174788 | -6504.7 1.40 15.73 19.30 228 347 1.62
06174184 | -6501.2 1.51 15.85 19.56 252 3.16 1.48
06173531 | -65084 1.60 15.90 19.79 275 291 1.36
06172975 | -6501.2 1.59 16.05 19.74 2.69 3.00 140
06172322 | -65048 1.58 16.13 19.68 2.64 3.08 1.44
06171742 | -65084 1.56 16.14 19.64 259 313 146
06171114 | -6504.8 1.54 16.04 19.61 257 3.14 147
0617582 | -65048 1.56 16.03 19.65 261 3.09 1.44
06165905 | -6508.4 1.52 15.89 19.60 256 313 146
06165349 | -65015.6 1.56 15.84 19.71 2.67 2.99 1.40
061647.93 | -6504.7 1.56 16.09 19.65 261 311 145
06164141 | -6504.7 1.55 15.98 19.66 261 3.08 1.44
06163609 | -65083 1.52 1570 19.63 259 3.06 143
06162956 | -6504.6 1.50 1575 19.57 253 313 1.46
06162231 | -6508.2 1.50 1591 19.52 248 323 151
0618553 651419 1.46 16.00 19.39 236 341 1.59
06175924 | -651383 143 15.64 19.42 239 330 1.54
0617532 | -651275 1.40 15.63 19.34 232 3.40 1.59
06174691 | -651275 1.44 15.83 19.39 236 337 1.58
06174135 | -651348 1.53 15.83 19.63 258 3.09 1.44
06173459 | -651312 1.63 16.01 19.85 2.80 2.88 1.34
06165929 | -65145.6 1.56 16.10 19.64 2.60 312 1.46
06165373 | -651456 1.56 15.95 19.67 2.62 3.06 143
06164721 | -651383 1.56 16.08 19.65 261 311 145
06164141 | -651275 151 15.94 1955 251 320 150
061634838 | -651239 1.56 1570 19.74 270 293 137
06162932 | -651382 1.58 1570 19.80 276 2.87 134
06162279 | -651382 151 1591 19.56 252 318 1.49
0618577 653118 1.47 16.02 19.42 239 337 157
06175949 | -6534.7 1.4 15.69 19.41 238 332 155
06175344 | -65311.9 143 1575 19.37 234 338 158
06174643 | -6534.7 1.48 1591 19.47 243 329 1.54
06174111 | -65348 1.56 16.01 19.65 2.61 3.09 1.44
06165277 | -65312 1.55 16.16 19.60 256 3.19 1.49
061647.69 | -65383 153 16.02 19.59 255 3.17 1.48
06164165 | -6531.1 1.49 15.91 19.51 247 324 1.51
06163463 | -65383 1.56 15.76 19.73 2.69 295 138
0616298 65382 1.60 15.87 19.79 274 291 1.36
06162352 | -652574 1.57 16.08 19.67 2.63 3.08 1.44
0618529 654382 151 16.05 1953 249 324 1.51
06175973 | -654347 1.52 15.84 19.61 256 311 145
0617532 | -65431.1 1.50 15.86 1955 251 318 1.49
06174788 | -654347 1.53 16.02 19.57 253 318 1.49
06174208 | -654312 1.60 16.16 19.73 2.68 3.03 1.42
06164745 | -65431.1 1.56 15.97 19.68 2.63 3.05 143
061641.89 | -654383 1.49 15.84 19.52 248 321 150
0616356 | -654347 1.54 1578 19.66 2.62 3.03 1.42
06162931 | -65434.6 161 15.97 19.79 275 2.92 137
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
06175949 | -656155 1.60 16.02 19.76 272 297 139
06175369 | -65611.9 1.54 16.10 19.58 254 3.19 149
06174716 | -656155 153 16.16 1955 251 325 152
06165373 | -65684 1.59 16.16 19.71 267 3.05 142
0616472 | -6561.1 1.54 15.80 19.67 2.63 3.03 1.42
0616414 | -656155 1.48 1578 19.51 247 322 150
06163608 | -65611.9 1.52 15.95 19.59 254 3.16 147
06175345 | -65749.1 1.49 16.16 19.44 241 337 158
0617474 | -65749.1 155 16.16 19.61 257 3.17 148
06165349 | -65731.1 1.56 15.97 19.68 2.64 3.05 1.42
06164744 | -65731.1 1.56 1573 19.73 2.69 295 138
061641.64 | -657275 1.48 15.72 19.52 248 3.19 1.49
06163584 | 657383 1.52 1591 19.59 255 3.14 147
06174692 | -6591.1 1.47 16.08 19.42 239 339 158
06165373 | 659 1.1 1.55 1576 19.69 2.64 3.00 1.40
06164744 | 65947 1.53 15.72 19.66 262 3.02 141
061641.64 | -65911.9 1.54 15.82 19.66 2.62 3.05 1.42
06163559 | -65911.9 1.58 16.00 19.71 2.66 3.02 141
06174644 | -70383 1.44 16.16 1931 229 355 1.66
06174088 | -7034.7 1.57 16.10 19.66 2.62 3.10 145
06165929 | -7031.2 1.56 16.16 19.63 259 3.14 147
06165445 | 70275 155 1576 19.69 2.64 3.00 1.40
06164865 | -7023.9 1.52 15.67 19.64 259 3.04 1.42
06164188 | -7023.9 1.57 15.85 19.72 2.68 2.98 139
06163583 | -7023.9 1.62 16.02 19.82 277 291 136
06174741 | -7153.9 1.4 16.16 19.32 230 354 1.65
0617416 | -71575 155 16.10 19.61 257 3.16 148
0617001 7212 1.60 16.05 19.74 270 2.99 1.40
06165348 | 7247 1.52 15.80 19.62 258 3.09 1.44
061647.92 | -7153.9 153 1558 19.68 2.64 2.97 1.39
06164212 | 71575 1.54 15.92 19.63 259 3.09 145
06163559 | -71575 1.53 16.08 19.57 253 321 1.50
0617049 73348 1.58 16.15 19.69 265 3.07 1.44
06165445 | 73347 1.54 15.88 19.63 259 3.09 1.44
061647.92 | 73311 1.50 15.80 19.57 253 315 147
06164187 | -7331.1 155 1591 19.67 2.63 3.05 142
06163559 | -73347 155 15.99 19.65 261 3.09 1.44
06165904 | -7515.5 155 16.16 19.61 257 3.17 148
06165324 | -7583 155 16.00 19.63 259 311 145
06164719 | 75119 155 16.00 19.64 259 311 145
06164163 | 75119 1.56 16.02 19.67 2.62 3.08 1.44
06163583 | 75118 1.52 16.04 19.55 251 322 150

Table 29: The Database of far infrared cavity CASKKG6 nearby to the AGB star AGB0619-0558 located
with in G212-11. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 um and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 um and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10716) j5~2 (x102%) kg (x1075) mag
06211991 -53352 1.28 13.99 19.42 2.39 2.95 1.38
0621204 -535184 1.29 13.94 19.46 243 2.89 1.35
06213776 -53659.2 1.25 14.04 19.32 2.30 3.08 1.44
06213197 -53655.6 1.17 13.96 19.09 2.10 335 1.56
062127.15 -53655.6 1.19 13.92 19.14 2.15 3.27 1.53
06212088 -53710 1.27 13.76 19.46 243 2.86 1.33
0621 14.13 -5372.8 1.27 14.03 19.36 2.34 3.03 1.41
06213873 -53825.6 1.21 13.89 19.24 2.23 3.14 1.47
06213294 -53822 1.18 13.85 19.14 2.14 3.26 1.52
06212594 -53818.4 1.14 13.79 19.03 2.05 3.38 1.58
062121.36 -53825.6 1.21 13.65 19.30 2.28 3.01 1.41
0621 14.61 -53829.2 1.25 13.92 19.34 2.32 3.02 1.41
062057.25 -53829.2 1.21 14.02 19.20 2.20 3.22 1.50
06213873 -53951.9 1.16 13.76 19.10 2.11 3.28 1.53
06213221 -53952 1.14 13.60 19.08 2.09 3.27 1.53
062126.19 -53955.6 1.16 13.65 19.13 2.14 3.22 1.50
062121.12 -53955.6 1.19 13.73 19.22 2.21 3.13 1.46
06211533 -53959.2 1.23 13.77 19.31 2.29 3.03 1.42
06218.58 -5402.8 1.24 14.02 19.28 2.26 3.12 1.46
06213.03 -53959.2 1.24 14.04 19.27 2.26 3.13 1.46
062056.76 -53952 1.20 13.83 19.21 2.20 3.16 1.48
062143.79 -54118.3 1.26 13.90 19.37 2.34 2.99 1.39
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
062138 541219 1.16 1357 19.15 215 318 148
06213246 | -54122 1.16 13.57 19.13 2.14 320 149
06212691 | -541256 1.14 13.61 19.06 2.08 330 1.54
06212064 | -541256 113 13.62 19.05 207 332 155
06211557 | -541256 121 13.85 1925 224 312 146
0621906 | -54122 122 13.92 19.25 224 313 146
0621327 541292 127 13.88 19.42 239 293 137
06205749 | -541292 124 13.90 19.31 229 3.06 143
06215031 | -54363 133 13.94 19.56 252 278 130
06214452 | -54259.1 120 13.68 19.25 223 3.08 1.44
06213825 | -542555 112 1345 19.06 2.08 326 1.52
0621327 542592 1.07 1343 18.89 1.94 348 1.63
06212667 | -54259.2 L11 1353 19.01 2.03 335 1.56
06212064 | -54248.4 115 13.61 19.11 2.12 324 151
06211509 | -54255.6 1.20 1374 19.22 221 313 1.46
0621882 | -54328 1.22 13.92 19.25 224 3.13 1.46
0621376 | -54255.6 125 13.90 1935 233 3.0l 141
06205676 | -54255.6 1.28 14.00 19.41 238 2.96 138
06214934 | -544255 1.26 13.97 1937 234 3.01 1.40
06214428 | -544183 1.17 13.55 19.18 2.17 3.14 147
06213825 | -544183 1.05 13.41 18.84 1.90 356 1.66
06213294 | -54422 1.03 1349 18.74 1.83 372 1.74
06212739 | -544292 1.08 1352 18.88 1.93 353 1.65
06212088 | -54425.6 1.17 13.52 19.21 220 3.09 1.44
06211485 | -544256 1.19 13.72 1920 2.19 315 147
0621979 544148 1.17 14.05 19.06 2.08 340 1.59
0621327 544148 125 13.98 1933 231 3.05 143
06205773 | -54414.8 129 14.03 19.43 240 2.94 137
06214959 | -545447 124 13.92 19.29 228 3.08 1.44
06214452 | 545447 1.16 1351 19.15 215 3.16 1.48
06213897 | -545447 1.07 1352 18.87 1.92 354 1.65
06213294 | -54552 1.05 13.49 18.79 1.86 3.64 170
06212764 | -54555.6 1.07 13.56 18.83 1.90 3.60 1.68
0621204 | -54552 1.17 1354 1920 220 3.10 145
06211533 | -545484 120 13.79 19.23 222 313 146
0621955 545592 125 14.03 19.29 227 3.11 145
0621327 545592 1.29 13.99 19.44 241 2.92 1.36
06215007 | -547183 122 13.90 19.24 223 3.14 146
0621438 547183 121 13.46 19.34 232 2.92 136
06213849 | -547183 113 1348 19.06 2.08 327 153
06213246 | -54714.8 1.06 1349 18.82 1.89 3.60 1.68
062127.64 | -547112 1.06 13.54 18.81 1.87 3.64 1.70
06212112 | -547148 115 13.60 19.09 2.11 325 1.52
06211485 | -54725.6 118 13.71 19.18 218 3.17 1.48
06211027 | -54725.6 126 13.99 19.35 233 3.03 141
0621376 | 547148 1.29 14.03 19.43 2.40 295 1.38
062151.04 | -548447 122 13.81 19.28 227 3.07 143
06214477 | -548447 1.20 13.48 19.31 2.29 2.96 1.38
06213874 | 548519 117 13.43 19.22 221 3.06 143
06213319 | -54852 1.09 1349 18.95 1.98 342 1.60
06212692 | -548484 1.04 1348 1875 1.83 370 173
06212113 | -54852 112 1339 19.06 2.08 325 152
06211558 | -54855.6 1.19 13.54 19.27 225 3.03 141
06211003 | -54848.4 115 13.90 19.03 2.06 340 159
0621352 | -54852 122 13.97 1923 222 3.17 148
06215177 | -550255 1.19 1373 1921 220 3.14 147
06214477 | -55018.3 118 1330 19.30 228 2.93 137
06213874 | -55018.3 L1l 13.16 19.11 2.12 313 146
06213295 | -55029.2 1.05 13.18 18.88 1.93 343 1.60
06212716 | -55025.6 0.99 13.14 18.67 1.77 373 1.74
06212209 | -55025.6 1.03 1320 18.80 1.87 355 1.66
0621163 55025.6 112 13.41 19.05 2.07 327 153
0621931 550184 L15 1371 19.09 2.10 3.29 1.54
06213.03 55014.8 1.17 13.91 19.10 211 332 155
0622262 | -551446 1.19 14.00 19.14 2.14 3.29 1.53
06215683 | -55141 1.20 13.98 19.17 2.17 325 1.52
06215177 | -55141.1 1.14 13.60 19.08 2.09 327 153
06214501 | -551483 1.10 13.09 19.09 2.10 313 146
06213995 | -55151.9 1.06 12.89 19.01 2.04 3.19 1.49
06213343 | -551484 1.00 12.94 1876 1.84 354 1.65
06212788 | -55155.6 0.94 12.87 18.56 1.70 3.82 178
06212137 | -551484 0.98 12.92 18.71 1.81 3.60 1.68
062115.1 55137.6 1.10 1331 19.01 2.04 329 153
0621979 55152 116 13.62 19.13 213 321 150
0621376 | -551556 114 13.81 19.01 2.03 342 1.60
06223.11 553218 1.19 13.96 19.14 2.14 328 153
06215635 | -55311.1 121 13.98 19.19 2.19 322 150
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
06215056 | -553147 1.16 1352 19.17 217 314 147
06214477 | -553183 1.08 12.95 19.06 2.08 3.14 147
06213946 | -553183 1.03 12.77 18.92 1.96 328 153
06213416 | -55325.6 0.98 1275 18.74 1.82 352 1.64
0621274 | -553256 0.90 1275 18.45 1.62 397 1.85
06212185 | -55318.4 0.92 12.88 18.47 1.63 3.97 1.85
06211582 | -55322 1.06 13.19 18.93 1.97 337 157
0621979 553148 111 1346 19.00 2.03 334 156
0621351 55322 1.08 13.72 18.83 1.89 3.65 1.70
06224.08 554374 121 13.95 19.20 2.19 321 150
0621566 | -55441 1.16 13.94 19.05 2.07 3.40 1.59
0621496 | -554375 112 1345 19.04 2.06 328 153
06214477 | -554447 1.06 12.89 19.00 2.03 3.20 1.49
06214019 | -554447 1.02 1275 18.89 1.94 331 1.54
06213319 | -55452 0.95 1278 18.64 175 3.67 1.71
06212813 | -554412 0.88 12.86 18.32 1.53 424 1.98
06212137 | -55437.6 0.93 12.85 18.54 1.68 3.86 1.80
06211558 | -554412 1.06 1320 18.92 1.96 339 158
06211003 | -554412 1.08 1338 18.93 1.97 341 159
0621376 | -554484 1.04 13.67 1871 1.80 3.82 178
062057 554448 L1l 13.95 18.88 1.93 3.64 1.70
062236 556 14.6 121 13.94 19.21 220 3.19 1.49
06215684 | -55611 1.16 13.80 19.08 2.10 331 155
06215081 | -55614.7 1.06 1341 18.86 1.92 353 1.65
06214622 | -55614.7 1.08 13.09 19.01 2.04 323 151
06214043 | -55618.3 1.04 12.97 18.90 1.95 335 156
06213392 | -556112 1.00 13.02 1875 1.83 358 1.67
0621274 | -55618.4 0.97 13.06 18.62 173 379 177
06212137 | -55614.8 0.99 12.97 18.71 1.80 3.62 1.69
06211606 | -55622 1.07 13.17 18.96 2.00 332 155
06219.79 5561438 1.08 13.47 18.92 1.97 345 161
0621376 | -55618.4 1.04 13.65 18.73 1.82 378 177
06205821 | -55622 1.09 13.91 18.83 1.90 3.69 1.73
0622843 55741 1.26 14.04 1933 231 3.06 143
062236 55741 122 13.87 19.26 224 3.11 145
0621554 | -55741.1 112 13.81 18.96 2.00 348 1.63
06215057 | -55741.1 113 13.59 19.04 2.06 332 155
06214598 | -55741.1 113 13.41 19.11 2.12 3.19 1.49
06214068 | -55741.1 L1l 1338 19.03 2.06 328 153
06213368 | -557412 1.07 1346 18.86 1.92 353 1.65
0621274 | -557448 1.07 1333 18.91 1.96 343 1.60
06212161 | -55744.8 1.07 13.14 18.96 1.99 332 155
06211606 | -557412 112 1328 19.09 2.10 318 1.48
0621979 55752 1.10 1348 18.96 1.99 3.40 1.59
0621424 | -55748.4 1.07 13.66 18.81 1.88 3.66 1.71
062057.96 | -55737.6 112 13.86 18.92 1.97 355 1.66
0622264 | -55921.8 126 13.91 19.38 236 2.97 139
06215733 | 559218 1.18 13.96 19.12 2.12 331 155
06215081 | -559183 1.16 13.74 19.09 2.10 3.29 1.54
06214599 | -55975 1.19 13.73 19.19 2.18 3.17 1.48
06213947 | -559147 1.19 1357 19.24 223 3.06 143
06213344 | -55914.8 115 13.72 19.06 2.08 332 155
06212789 | -55922 1.08 13.54 18.88 1.93 353 1.65
06212161 | -55914.8 1.10 1333 19.03 205 327 153
06211486 | -55918.4 113 1342 19.10 211 320 150
0621955 559184 1.10 1345 18.97 201 337 157
0621376 | -55914.8 1.10 13.64 18.94 1.98 347 1.62
06205772 | -55914.8 112 13.80 18.96 2.00 348 1.62
06205169 | -55914.8 115 14.04 18.98 201 351 1.64
06228.67 60482 1.40 14.01 19.75 271 2.61 122
0622216 | -6044.6 127 14.00 19.37 234 3.01 1.40
06215733 | -6041 118 13.98 19.10 2.11 334 156
06215081 | -6041.1 117 13.89 19.09 2.10 333 155
06214502 | -6037.5 120 13.91 19.17 2.17 323 151
0621402 | -6041.1 121 13.81 1923 222 3.13 1.46
0621332 | 6034 1.17 13.92 19.08 2.09 335 156
06212741 | 60412 113 13.71 18.99 2.02 341 159
06212161 | -6037.6 1.10 1352 18.95 1.99 342 1.60
062115.1 60412 1.19 13.54 19.26 225 3.03 142
06211003 | -6037.6 1.17 13.62 19.16 2.16 318 148
0621424 | -6041.2 L1l 13.72 18.93 1.97 350 1.63
06205821 | -6052 112 13.87 18.94 1.98 353 1.65
062294 62146 1.30 13.98 19.47 243 2.89 135
06223.12 6274 124 14.01 19.28 227 311 145
06213996 | -6211.1 125 13.95 1932 230 3.06 143
06213368 | -62148 1.19 14.00 19.14 2.14 329 1.54
06212741 | -6225.6 1.16 13.84 19.06 2.08 335 1.56
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T, B(v,T) My Ay
hh mm ss dd mm ss (Mly) (Mly) (K) (x10710) 5572 | (x10%0)kg | (x1075) mag
06212113 | 6222 1.19 13.65 1921 2.20 312 146
06211606 | -6222 121 13.66 19.28 226 3.04 1.42
06211003 | -62184 121 13.75 19.28 226 3.06 143
0621424 | 62112 1.10 13.79 18.89 1.94 358 1.67
06205845 | -6222 112 13.89 18.92 1.97 356 1.66
06205193 | -62148 112 14.04 18.90 1.95 3.63 1.69
062294 63446 1.19 13.95 19.13 2.14 328 153
06212765 | -6352 1.19 13.95 19.15 2.16 326 152
06212258 | -6341.2 121 13.76 19.27 226 3.07 143
06211631 | -6341.2 124 13.85 19.33 231 3.03 141
0621931 63412 122 13.79 19.29 227 3.06 143
06213.03 63412 113 13.86 18.97 2.00 348 1.63
06205748 | -6337.6 1.14 13.94 18.97 2.01 350 1.63
06221013 | -657.4 120 13.95 19.17 2.17 324 151
06212765 | -65148 121 13.87 19.23 222 3.15 1.47
06212186 | -65148 1.22 13.75 19.28 227 3.05 143
06211582 | 6522 1.16 13.77 19.10 2.11 3.29 1.53
06219.07 6522 120 13.75 19.24 223 311 145
0621376 | -657.6 1.14 13.82 19.01 2.04 342 1.60
06205748 | -657.6 112 13.92 1891 1.96 358 1.67
06212813 | -6637.6 123 13.92 1927 226 3.10 145
06212186 | -6641.2 118 13.72 19.17 2.17 3.19 1.49
06211607 | -6637.6 1.16 13.68 19.10 211 326 152
0621931 6634 114 13.79 19.01 2.04 3.40 159
0621376 | -6634 115 13.91 19.02 2.04 343 1.60
062057.96 | -6641.2 116 13.97 19.05 2.07 340 1.59
06212814 | -684 1.20 13.80 1921 220 315 147
06212186 | -687.6 118 13.64 19.19 2.19 3.14 147
06211655 | -68148 115 13.67 19.08 2.10 328 153
06211003 | 6876 1.16 13.82 19.07 2.09 334 1.56
0621424 | -67568 118 13.93 19.11 2.12 330 1.54
06212814 | 69268 1.19 13.81 19.17 2.17 321 1.50
06212138 | -6937.6 1.18 13.63 19.19 2.19 3.14 147
06211558 | -6934 111 13.68 18.96 1.99 345 1.61
06211051 | -6934 1.16 13.81 19.10 211 330 1.54
0621448 69376 1.20 13.92 19.18 218 322 150
06212741 | 61104 1.19 13.97 19.15 215 327 153
062122.1 611112 1.19 13.68 1923 222 3.10 145
06211631 | -61104 1.19 13.65 19.22 221 311 145
06211027 | -6117.6 1.20 13.79 19.22 221 3.14 146
0621424 | -6117.6 1.19 13.83 19.17 2.17 322 150
062122.1 61237.6 1.26 1373 19.42 239 2.90 135
062115.1 61237.6 122 13.63 19.32 230 2.99 1.40
06211027 | -612268 121 13.76 1927 226 3.07 143
06214 612304 1.16 13.87 19.07 2.09 335 1.56
06212162 | -6144 124 13.86 1931 229 3.05 1.42
06211559 | -61414.8 125 13.73 19.40 238 291 136
06211076 | -6147.6 127 13.90 19.41 238 2.94 1.37
0621472 | 614112 1.18 13.95 19.10 2.11 333 156
06211631 | -61537.6 1.30 13.92 19.50 247 2.84 1.33
06211003 | -61537.6 1.26 13.96 1935 233 3.02 141
06214 61534 121 14.02 19.19 2.19 322 1.51
062115.1 61776 132 14.00 19.52 248 2.84 133
06212162 | -61844.8 118 14.02 19.08 2.09 338 158
06211607 | -618448 127 14.03 19.37 234 301 141

Table 30: The Database of far infrared cavity CASKK?7 nearby to the AGB star AGB0712-1720 located
with in G229-03. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 um and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 ym and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) My Ay

hh mm ss dd mm ss (Mly) Mly) (K) (x10716) js~2 (x1027) kg (x1079) mag

07 06 30.74 -171213.7 1.05 12.78 18.99 2.02 2.15 1.49

07 06 24.46 -17126.4 1.00 13.01 18.75 1.83 2.42 1.67

07 06 36.52 -171336.5 1.07 13.09 18.99 2.02 2.20 1.52

07 06 31.49 -171343.7 1.02 12.69 18.91 1.96 2.20 1.52

0706 24.71 -171343.6 0.96 12.75 18.68 1.78 243 1.68

0706 19.18 -171343.6 0.91 12.93 18.43 1.61 2.74 1.89

0706 12.14 -171336.3 0.92 12.93 18.49 1.65 2.67 1.85

07 06 37.77 -171513.7 1.03 13.04 18.85 1.91 2.32 1.61

07 06 30.73 -171513.6 0.97 12.58 18.75 1.84 2.33 1.61
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
0706 24.7 1715136 0.86 1249 1835 155 274 1.89
07061867 | -171513.5 083 12,61 18.22 146 2.93 2.02
07061188 | -171520.7 0.88 12,77 18.36 1.56 279 1.93
0706535 171517 0.96 1276 18.66 176 246 1.70
07065957 | -171513.3 1.10 13.00 19.11 2.12 2.09 1.44
07063726 | -171647.3 1.03 13.00 18.87 1.93 229 158
07063073 | -171643.6 0.96 12.63 18.70 1.80 239 1.65
07 06 25.2 -171650.8 0.85 1239 18.34 1.54 273 1.89
07061816 | -171647.1 0.80 1235 18.14 1.42 297 2.05
07061238 | -171647.1 081 12.56 18.15 1.42 3.01 2.08
07 06 5.85 1716434 091 1257 18.53 1.67 256 177
07 06 0.07 1716433 1.08 12.77 19.11 2.12 2.05 1.42
07065353 | -171639.6 1.16 13.08 19.28 227 1.96 1.36
07063701 | -171813.7 1.01 12.96 18.82 1.89 234 1.61
07063098 | -171817.2 0.98 12.66 18.79 1.87 231 1.60
07062444 | -171813.6 091 12.41 18.59 1.72 246 1.70
070617.66 | -171817.1 0.84 12.39 1829 1.51 2.79 1.93
07061238 | -171813.5 0.84 1259 18.26 1.49 2.88 1.99
07 06 6.09 -17 18206 0.86 12.68 18.32 153 2.82 1.95
07 06 0.31 -171824.1 1.07 12.87 19.05 207 212 1.46
07065378 | -171820.4 1.20 13.01 19.45 242 1.83 1.26
07063726 | -171940.1 1.00 12.98 18.75 1.84 241 1.66
07062997 | -1719436 1.02 12.85 18.86 1.92 228 1.57
07062394 | -171940 0.94 12.51 18.67 177 2.40 1.66
0706 17.9 -171947.1 0.90 12.55 18.51 1.66 258 178
07061212 | -171950.7 0.88 12.82 1833 1.54 2.84 1.96
0706533 1719578 0.90 12.99 1837 1.56 2.83 1.95
07 06 59.8 1719469 111 13.06 19.11 2.12 2.10 145
07063776 | -172117.3 0.98 13.00 18.67 178 2.49 172
07063047 | -1721172 1.01 12.95 18.81 1.88 234 1.62
07062494 | -172117.2 0.99 12.62 18.83 1.89 227 157
070617.65 | -172117.1 0.92 1271 18.52 1.67 2.60 1.79
070611.86 | -1721207 0.92 12.92 18.49 1.65 267 1.85
0706558 172117 0.87 13.07 1823 147 3.03 2.09
07064329 | -172240.1 095 13.15 18.52 1.66 2.69 1.86
07063701 | -172236.5 0.98 12.95 18.70 1.80 245 1.69
07063072 | -172240 101 12.95 18.81 1.88 234 1.62
07062544 | -172240 1.05 12.81 18.99 2.02 2.16 1.49
07061865 | -172247.1 093 12.86 18.55 1.69 2.60 1.79
07061261 | -172247.1 0.94 13.03 18.53 1.67 2.65 1.83
070651.09 | -172410.1 1.04 13.14 18.86 1.92 233 1.61
07064354 | -172417.3 1.03 13.06 18.83 1.90 234 1.62
07 06 37 1724137 0.93 13.05 18.48 1.64 271 1.87
07063147 | -172410 0.99 12.90 18.74 1.82 241 1.66
07062468 | -172413.6 1.01 12.77 18.84 1.90 228 1.58
07 06 19.4 1724135 0.97 12.87 18.66 177 248 171
0706 11.6 -172420.7 0.95 13.09 1853 1.67 266 1.84
07065587 | -1725473 1.02 13.00 18.83 1.89 234 1.61
07065033 | -172547.3 101 12.96 18.82 1.89 234 1.61
07064379 | -172543.7 0.96 12.82 18.64 175 2.49 1.72
070637.5 1725437 0.89 12.86 18.36 156 281 1.94
07063172 | -172547.2 0.89 1273 1843 1.60 271 1.87
07062493 | -172547.2 0.98 1278 18.73 1.82 239 1.65
07061889 | -172554.3 0.94 1274 18.60 1.72 252 1.74
07061185 | -172550.7 0.92 13.01 18.47 1.63 272 1.88
07065612 | -172717.3 0.96 1291 18.64 175 250 173
07064882 | -1727209 0.89 1257 18.46 1.63 2.63 1.82
07064404 | -172713.7 091 1247 18.57 1.70 249 172
0706 37.5 1727245 0.84 1242 18.30 1.51 279 1.93
07063096 | -1727208 0.87 12.48 18.40 1.59 2.68 1.85
07062492 | -1727172 091 12.56 18.54 1.68 255 176
07061939 | -172717.1 0.93 12.51 18.62 1.73 246 170
07 06 12.6 1727207 091 12.82 18.46 1.63 2.68 1.85
07 07 6.56 1727134 0.92 13.05 18.43 1.60 277 1.92
07 06 2.41 1728437 0.98 12.87 18.73 1.82 241 1.66
07065562 | -172847.3 0.89 12.40 18.49 1.64 257 1.78
07065008 | -172847.3 0381 1224 18.23 147 2.83 1.96
07064429 | -172847.3 085 12.11 18.41 1,59 259 1.79
070637.5 1728437 0.83 1223 1832 153 273 1.88
07063121 | -1728436 0.89 1234 18.50 1.65 254 175
07062517 | -172843.6 093 12.55 18.64 175 244 1.69
07061838 | -1728435 0.96 1235 18.80 1.87 224 155
07061234 | -172850.7 0.90 12.66 18.48 1.64 2.63 1.81
0706 5.8 172847 093 12.96 18.51 1.66 2.65 1.83
07065926 | -172850.5 1.00 13.15 18.70 1.79 2.49 1.72
07 06 1.91 -1730 10.1 0.96 12.61 18.72 1.81 237 1.64
07065637 | -173010.1 0.82 11.97 1835 155 2.63 1.82
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
07065008 | -173010.1 0.72 11.88 17.91 128 317 2.19
07064404 | -1730245 0.77 11.89 18.17 143 2.83 1.95
07063825 | -173029 0.84 12.15 18.39 158 2.62 1.81
07 06 30.7 1730 6.4 0.88 1229 18.50 1.65 253 175
07062492 | -173013.6 0.96 1245 18.77 1.85 229 158
07061888 | -17309.9 0.95 1237 18.74 1.82 231 1.59
07061233 | -17309.9 0.87 1249 1838 157 270 1.87
0705 6.55 173017 0.88 12,73 1838 157 276 1.91
07075925 | -173013.3 0.95 12.99 18.57 1.70 2.60 1.80
0707 8.45 1731437 0.99 12.87 18.77 1.85 237 1.64
07 06 1.66 1731437 091 12.39 18.58 171 247 171
07065562 | -173143.7 0.78 11.88 18.19 1.44 2.80 1.93
070649.58 | -173150.9 0.66 11.66 17.70 1.16 341 236
07064329 | -173147.3 071 11.80 17.90 127 3.15 2.18
07063725 | -173140.1 0.78 12.00 18.15 1.42 2.87 1.98
07 06 29.7 1731328 0.83 1222 18.32 1.53 272 1.88
07062466 | -173140 0.88 12.19 1853 1.67 248 171
07061736 | -173139.9 0.88 1223 18.53 1.67 249 1.72
07061208 | -173139.9 085 1225 18.39 158 265 1.83
07050503 | -173139.8 0.83 1252 18.22 1.46 291 2.01
07055899 | -173136.1 085 1270 18.25 1.49 291 201
07055446 | -1731432 1.06 12.83 19.00 2.03 2.15 1.48
07074666 | -173146.6 115 13.00 19.29 227 1.95 135
07071425 | -1733136 0.97 12.94 18.64 175 251 173
07070745 | -1733209 0.92 1253 18.57 1.70 251 173
070601.66 | -173310.1 0.90 1224 18.58 171 243 1.68
07065486 | -173313.7 0.81 11.87 1832 153 2.64 1.83
07064983 | -173365 0.67 1171 17.74 118 337 233
07064354 | -173313.7 0.70 11.80 17.83 1.24 325 224
07063775 | -173317.3 0.66 11.84 17.65 1.14 354 245
07063095 | -173313.6 0.70 11.99 17.80 122 336 232
07062566 | -173317.2 0.77 12.13 18.06 1.37 3.02 2.08
07061786 | -173317.1 0.85 12.09 18.44 1.61 256 1.76
07061232 | -1733135 0.88 12.10 18.56 1.69 244 1.68
07060578 | -173320.6 0.79 1239 18.07 137 3.07 2.12
07050024 | -1733133 0.80 1241 18.12 1.40 3.01 2.08
0705 54.2 173324 0.95 1252 18.72 1.81 236 1.63
07054765 | -173323.9 1.08 1271 19.12 213 2.04 141
07074161 | -173323.7 1.08 13.03 19.04 2.06 215 1.49
07071526 | -1734436 1.00 1276 18.81 1.88 231 1.60
07 07 8.96 -173440.1 0.87 1233 18.42 1.60 2.62 1.81
07 06 1.41 1734437 0.87 1220 18.47 1.63 255 176
07065562 | -173443.7 0.81 11.94 1829 1.51 2.68 1.85
07064933 | -173436.5 0.76 11.67 18.15 1.42 2.80 1.93
07064253 | -173432.9 0.70 11.73 17.87 1.26 318 220
07063674 | -173440.1 0.71 11.94 17.87 1.26 323 223
07 06 31.7 173440 0.73 12.00 17.91 128 320 221
07 06 24.4 1734328 0.82 12.17 18.28 1.50 276 1.90
070618.61 | -1734327 091 12.07 18.67 177 232 1.60
07061131 | -173436.3 0.90 12.02 18.64 175 234 1.61
0705 4.76 1734434 0.78 1230 18.08 1.38 3.03 2.09
070559.73 | -1734325 0.79 1234 18.10 139 3.02 208
07055444 | -173454 0.83 1234 18.26 1.49 282 1.95
07054815 | -173446.7 0.96 1246 18.74 1.83 232 1.60
07074085 | -1734357 0.99 12.88 18.77 1.85 238 1.64
0707 28.1 -173620.7 1.03 13.14 18.82 1.89 237 1.64
07072155 | -173664 1.07 12.99 19.00 2.03 218 1.51
07071501 | -173617.2 1.03 1275 18.92 1.97 220 1.52
0707 8.21 -1736 10.1 0.93 1237 18.66 177 238 1.64
07 06 2.42 1736 13.7 0.86 12.28 18.40 1.59 2.64 1.82
07065562 | -173610.1 0.84 11.85 18.48 1.64 247 1.70
07065084 | -17366.5 0.76 11.64 18.16 1.43 277 1.91
07064479 | -17362.9 0.72 11.83 17.94 1.30 311 215
07063825 | -17362.9 0.78 12.09 18.14 1.42 2.90 2,01
0706 31.2 1736 13.6 0.77 1225 18.06 1.37 3.04 2.10
07062541 | -173610 0.82 12.38 18.24 148 2.85 1.97
07061886 | -173613.5 0.92 1225 18.68 1.78 234 1.61
07061231 | -17369.9 093 12.09 18.77 1.85 223 1.54
0705 6.52 -1736 6.2 0381 1228 18.20 1.46 2.87 1.98
07055897 | -173616.9 0.82 1234 18.25 1.48 283 1.96
07055292 | -173616.8 0.90 1239 18.53 1.67 252 1.74
070547.89 | -173620.3 0.95 12,51 18.70 1.79 237 1.64
07054059 | -173616.5 0.99 1278 18.79 1.86 233 161
07073555 | -173620 1.00 13.12 18.72 1.81 246 1.70
07072811 | -173747.1 1.09 13.10 19.05 2.07 2.16 1.49
07072156 | -173740 1.07 12.90 19.03 2.06 2.14 1.47
07071476 | -1737436 1.03 1276 18.91 1.96 222 153
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
0707 8.21 1737473 0.94 1235 18.72 181 233 1.61
07 06 1.92 1737437 0.88 1225 18.50 1.65 253 175
070656.88 | -173740.1 0.84 11.94 18.45 1.62 251 1.73
07065109 | -173743.7 0.80 11.71 1833 1.54 259 1.79
07064353 | -1737437 076 12.04 18.08 138 298 2.06
07063724 | -173740.1 0.82 1231 18.22 147 2.86 1.97
07063069 | -173750.8 081 1245 18.17 1.43 2.96 2.04
0706 24.9 -1737 40 0.83 1249 1825 1.49 2.86 1.98
0706 18.1 1737399 0.93 1237 18.67 177 238 1.64
07061206 | -173739.9 0.98 12.25 18.91 1.96 2.13 1.47
0705 5.51 1737326 0.89 1235 18.52 1.67 252 1.74
07055921 | -173739.7 0.87 12.39 18.41 1.59 265 1.83
070553.67 | -173739.6 0.89 1242 18.50 1.65 256 177
070547.63 | -173750.3 0.97 12.58 18.77 1.85 232 1.60
07074108 | -173746.5 1.02 1279 18.88 1.93 226 1.56
0707 26.6 173963 112 13.14 19.13 2.13 2.10 145
07072056 | -173913.6 1.08 1291 19.07 2.08 2.11 1.46
07071376 | -173924.4 1.06 1272 19.04 2.06 2.10 145
07078.72 1739245 0.90 12.56 18.51 1.66 257 178
07063.18 -1739209 0.92 1246 18.62 1.74 2.44 1.69
07065638 | -173910.1 0.90 12.12 18.64 175 235 1.62
07065033 | -173965 0.82 11.99 1832 153 2.66 1.84
07064378 | -173965 0.77 1222 18.07 137 3.03 2.09
07063824 | -173913.7 0.85 12.51 18.32 153 278 1.92
07063195 | -173917.2 0.82 12.56 18.16 1.43 2.99 2.07
07062565 | -173910 0.84 1271 18.22 1.46 2.96 2.04
070617.84 | -173920.7 0.96 1233 18.81 1.87 224 155
07061205 | -173917.1 0.98 1231 18.89 1.94 2.16 1.49
0705 6.76 1739134 0.93 1241 18.66 177 239 1.65
07055971 | -173913.3 0.86 1253 1835 1.55 275 1.90
0705 52.4 173995 0.90 12.70 18.45 1.62 267 1.85
07547.62 173994 1.00 12.74 18.84 1.90 228 1.58
07074132 | -173993 1.03 12.90 18.90 1.95 226 156
07072132 | -174036.4 1.09 12.89 19.09 2.11 2.08 1.44
07071451 | -174040 1.06 1279 19.04 2.06 211 1.46
07 07 8.47 -17 40 40.1 0.94 12.58 18.66 1.77 243 1.68
0706 2.93 -174043.7 0.95 1244 18.71 1.81 2.34 1.62
07065638 | -174050.9 0.96 1233 18.79 1.86 225 1.56
07065058 | -174036.5 0.89 1230 18.55 1.69 248 171
07064353 | -174040.1 0.84 1249 18.27 1.50 2.84 1.96
07063875 | -174047.3 0.84 12.65 18.21 1.46 295 2.03
07063094 | -174054.4 0.82 12.65 18.16 1.43 3.01 2.08
07062615 | -174043.6 0.85 12.65 1827 1.50 2.87 1.98
07061859 | -174050.7 091 12.50 18.57 1.70 250 173
07061255 | -174039.9 0.97 12.43 18.81 1.88 225 1.56
07 05 06.0 1740434 091 12.41 18.60 1.72 246 1.70
07055895 | -174046.9 0.88 12.74 1837 1.56 278 1.92
07075366 | -174036 0.95 12.99 18.58 171 2.59 1.79
070727.87 | -1742207 1.04 12.99 18.88 1.94 228 1.58
07072182 | -174210 1.10 1275 19.19 2.18 1.99 1.37
07071502 | -174217.2 1.10 1270 19.21 220 1.96 135
0707973 1742172 1.01 12.64 18.91 1.96 2.20 1.52
07060368 | -174217.3 093 1240 18.65 176 2.40 1.66
07065688 | -174217.3 0.96 12.61 18.71 1.80 238 1.64
07064932 | -174213.7 095 1253 18.70 1.79 238 1.64
07064303 | -174265 091 12.65 18.52 1.67 259 1.79
07063748 | -174265 0.86 12.67 1832 153 2.82 1.95
07063169 | -174213.6 0.88 12.62 18.39 1.58 272 1.88
07062464 | -1742172 0.88 12,61 18.40 1.59 271 1.87
07061809 | -174213.5 0.92 12.67 18.56 170 254 176
07061154 | -174299 0.95 12.61 18.68 178 241 1.66
07 06 6.5 174217 0.95 12.65 18.68 178 242 1.67
070702 174261 0.97 12.97 18.64 175 252 1.74
07072838 | -1743543 0.97 12.78 18.70 1.80 242 1.67
07072032 | -1743472 1.06 12.61 19.09 2.10 2.05 141
07071502 | -1743364 1.06 12.58 19.08 2.09 2,05 141
07071024 | -1743436 1.01 1256 18.93 1.97 2.17 1.50
07 06 2.68 1743365 098 1252 18.80 1.87 228 157
070657.14 | -174340.1 0.98 12.63 18.79 1.86 231 1.60
07065008 | -174343.7 1.02 12.63 18.93 1.97 218 151
07064429 | -174340.1 0.97 12,65 18.73 1.82 236 1.63
07063773 | -1743437 0.87 12.59 1837 157 274 1.89
07062992 | -1743436 0.88 1270 1838 157 275 1.90
07062463 | -174354.4 0.86 1273 18.28 1.50 2.88 1.99
07061833 | -1743435 0.97 12.85 18.68 178 245 1.69
07061229 | -174347.1 1.03 12.87 18.90 1.95 225 1.55
0707523 1743434 1.10 13.05 19.09 2.10 211 1.46
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
07072813 | -174520.7 0.99 1291 18.73 1.82 242 1.67
07072158 | -1745208 1.01 12.68 18.90 1.95 222 153
07071452 | -1745136 1.07 1278 19.08 2.09 2.08 1.44
0707923 -174513.6 1.07 1271 19.11 2.11 2.05 1.41
0706 2.93 -174510.1 1.04 12.81 18.94 1.98 220 1.52
070657.14 | -174510.1 1.04 12.91 18.91 1.96 224 155
07065008 | -174513.7 1.06 1275 19.06 2.07 2.09 145
07064454 | -174513.7 0.95 12.59 18.67 178 241 1.67
07063773 | -174513.7 0.83 12.60 18.22 147 2.93 2.02
07063168 | -174513.6 0.92 12.75 18.52 1.67 2.60 1.80
07072488 | -174517.2 0.92 12.94 18.47 1.63 270 1.86
07072083 | -1746472 1.03 13.01 18.87 1.93 230 1.59
07071554 | -174632.8 1.09 13.00 19.08 2.10 211 1.46
0707 8.48 1746 43.7 113 13.07 19.18 2.18 2.04 1.41
07 06 2.93 1746473 1.09 13.13 19.02 2,05 2.18 1.51
070656.63 | -174636.5 1.08 13.05 19.03 2.06 2.16 1.49
07065008 | -174636.5 1.06 12.80 19.03 2.05 2.13 147
07064302 | -174640.1 093 12.68 18.58 1.71 2.52 1.74
07063748 | -174647.3 0.88 12.67 1838 157 275 1.90
07063168 | -174643.6 0.88 1279 18.34 155 282 1.94
07062513 | -174640 0.90 13.07 18.36 155 2.86 1.98
07065663 | -174813.7 1.07 13.06 18.99 2.02 220 1.52
07065008 | -174865 101 12.84 18.85 1.91 229 1.58
07064327 | -174865 093 1272 18.58 1.71 253 175
07063722 | -174759.3 0.87 12,77 18.30 1.52 2.87 1.98
07063042 | -174864 0.85 12.90 18.21 1.46 3.00 2.08
07062538 | -174759.2 0.87 13.08 18.22 1.46 3.04 2.10
07065739 | -174947.3 1.03 12.91 18.88 1.94 227 1.57
07065033 | -174932.9 0.97 12.82 18.70 1.80 243 1.68
07064428 | -1749365 0.99 12.65 18.80 1.87 230 1.59
07063823 | -1749473 0.94 12.75 18.59 171 253 175
07073092 | -174940 0.86 12.95 1823 147 3.00 2,07
07 06 3.44 1751173 113 13.11 19.19 2.19 2,04 141
07065638 | -175117.3 0.97 12.84 18.69 1.79 245 1.69
07065058 | -175117.3 0.96 12.69 18.71 1.80 240 1.66
07064453 | -175110.1 0.96 12.58 18.72 1.81 236 1.63
07063798 | -175117.3 0.96 12.86 18.66 177 248 171
07073092 | -175128 0.92 13.01 18.44 1.61 274 1.89
07 06 2.69 1752473 1.19 13.12 1937 234 1.91 132
07065588 | -175243.7 1.00 12.88 18.79 1.86 236 1.63
07065159 | -175247.3 0.95 12.64 18.65 176 245 1.69
07064352 | -175240.1 0.97 1251 18.79 1.86 228 1.58
07063697 | -175247.3 0.97 12.84 18.67 178 246 170
07073041 | -175240 0.95 13.06 18.54 1.68 2.65 1.83
07 06 2.69 1754173 114 13.09 1923 222 201 139
07065714 | -175413.7 1.02 12.87 18.87 1.92 228 1.58
07065159 | -175410.1 0.94 12.62 18.65 1.76 2.44 1.69
07064377 | -175413.7 0.93 12.61 18.62 1.74 247 171
07073772 | -175465 0.93 12.97 1850 1.65 267 1.84
07 06 2.44 1755473 1.06 13.14 18.92 1.97 228 1.57
07065638 | -175543.7 1.04 13.00 18.88 1.93 229 158
07065008 | -175540.1 1.00 1276 18.83 1.89 229 158
07064529 | -175547.3 1.00 12,77 18.81 1.88 232 1.60
07073873 | -175550.9 0.98 13.05 18.67 177 251 173
07 06 2.94 1757137 1.07 13.14 18.95 1.99 225 155
07065134 | -175729 1.03 12.96 18.86 1.92 230 1.59
07064352 | -175710.1 1.06 13.05 18.94 1.98 224 155

Table 31: The Database of far infrared cavity CASKKS nearby to the AGB star AGB1105-5451 located
with in G229-03. The first two columns represent position of the pixels with in the cavity. The next two
columns give values of relative flux density at 60 ym and 100 um that have obtained after processing the
FITS image using ALADIN 2.5 software. The calculated values of dust color temperature (in K), Planck
function and dust mass for 100 ym and visual extinction (in mag) of the corresponding pixels,respectively.

R.A.(J2000) Dec.(J2000) F(60) F(100) Ty B(v,T) My Ay
hh mm ss dd mm ss (MlJy) (Mly) (K) (x10716) js~2 (x1027) ke (x1073) mag
115424 -5443.7 3.22 19.66 22.01 572 4.68 0.81
114532 -54358.6 3.18 19.45 21.99 5.69 4.66 0.80
1144277 -54353.4 3.16 19.46 21.96 5.64 4.70 0.81
1143357 -54353.5 3.18 19.17 22.07 5.82 4.48 0.77
1142375 -543589 3.18 19.06 22.10 5.89 4.41 0.76
1141149 -543589 3.16 19.06 22.07 5.82 4.46 0.77
11429 -54348.1 3.14 19.08 22.02 5.74 4.52 0.78
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
11350.63 543533 318 1924 | 2204 578 453 0.78
1151347 54519.1 3.14 19.64 | 2188 550 4.86 0.84
115427 545247 2.96 1896 | 21.76 532 485 0.84
1145322 54525 2.96 1870 | 2183 543 4.69 0381
1144401 545252 2.93 18.62 | 21.80 538 am 0.81
11432.96 545253 301 18.64 | 2193 5.60 454 078
11421.92 54536.1 3.03 18.51 22.00 571 441 076
114121 545307 3.02 18.55 21.97 5.66 4.46 0.77
114412 545307 3.00 1849 | 2195 5.62 448 0.77
113 53.07 54530.6 3.04 1904 | 21.88 551 471 081
11343.86 54519.7 315 1984 | 2185 5.46 495 0.85
11523.95 54656 3.14 1944 | 21.93 559 473 0.82
1151289 546509 2.92 1891 21.71 523 492 0.85
1153.68 54635 281 18.63 21.60 5.05 5.02 0.87
1145324 546514 279 1832 | 21.64 5.12 487 0.84
1144341 546515 2.82 18.16 | 21.74 528 4.69 0.81
1143175 54657 2.89 1834 | 21.80 538 4.64 0.80
11421.92 54725 297 18.58 21.87 5.49 461 0.80
1141148 546463 295 18.48 21.87 550 458 0.79
114288 546517 2.94 1846 | 2186 5.48 459 0.79
1135244 54778 298 1872 | 2186 5.48 465 0.80
1134077 54646 3.08 19.31 21.87 550 478 0.83
115455 54816.1 333 19.61 22.19 6.03 442 076
11534.43 548274 320 1937 22.04 577 457 0.79
1152399 548223 3.03 18.93 21.88 551 468 0.81
1151231 548227 291 1839 | 21.82 542 462 0.80
115371 54823 278 18.09 | 21.69 5.19 474 0.82
11453.88 548124 272 18.09 | 2157 5.01 491 0.85
1144281 54817.9 278 17.95 2172 524 4.66 0.81
1143421 54828.8 2.82 1820 | 2172 525 472 0.81
1142315 548289 2.93 1839 | 21.86 548 457 0.79
114127 548235 3.02 1896 | 21.86 547 472 0.81
114226 548289 3.00 18.77 21.88 551 4.64 0.80
1135181 548341 2.94 18.69 | 21.79 536 474 0.82
1134198 54834 3.00 1892 | 21.84 5.44 474 0.82
1133215 54823 3.07 19.37 21.84 5.44 485 0.84
1132047 548335 3.10 19.63 21.82 541 494 0.85
1131.42 548274 3.09 1979 | 2176 532 5.07 0.88
1125097 54827 3.02 1976 | 21.67 5.16 522 0.90
11240.52 548266 3.03 19.77 21.68 5.18 520 0.90
1164.6 54936.1 335 19.83 2.16 5.99 451 078
11554.14 549313 326 19.47 2.12 592 448 0.77
115437 54948 320 1900 | 2214 595 435 075
11533.86 549538 3.08 1872 | 2202 575 443 0.77
11522.79 549542 2.93 1862 | 21.80 538 471 081
11512.96 549599 2.88 18.03 21.88 550 446 0.77
115373 549493 281 17.91 21.79 536 455 0.79
114539 549549 275 1770 | 21.73 5.26 458 0.79
1144283 549497 270 17.85 21.60 5.06 481 0.83
1143361 549444 276 1769 | 2175 529 455 0.79
1142315 549445 2.86 18.09 | 2183 542 454 0.78
114127 549499 3.07 1870 | 2201 572 445 0.77
114225 541007 3.03 1896 | 21.89 552 468 081
1135179 54106 2.90 18.63 2175 530 479 0.83
1134134 541058 2.88 1859 | 21.72 525 482 0.83
113315 541011 2.93 18.88 21.73 526 4.89 0.84
11321.66 5410107 295 19.03 2172 525 493 0.85
1131244 54105.1 297 1933 21.69 5.19 5.07 0.88
113075 5410 10 291 1904 | 21.63 5.10 511 0.88
1125215 54109.7 2.84 1904 | 21.54 4.96 523 0.90
11243.53 54109.2 2.86 19.19 | 21.54 497 526 091
1123247 5410322 2.96 1980 | 21.56 4.99 541 0.93
1161635 541172 337 19.75 221 6.07 443 0.77
116528 5411133 327 1952 | 2212 591 4.49 0.78
1155421 5411139 320 1936 | 2205 5.79 455 0.79
1154375 5411253 3.13 1890 | 2205 5.80 443 0.77
1153391 541131 301 18.38 22.00 570 439 0.76
11524.69 5411259 2.89 1822 | 21.84 5.44 456 0.79
115 13.61 541137.1 2.87 17.88 21.90 553 4.40 076
115438 541148.1 2.86 1759 | 21.96 5.64 425 0.73
1145331 541143 273 1745 21.77 532 447 0.77
1144408 5411269 2.65 17.38 21.65 5.13 461 0.80
1143546 5411324 2.65 1759 | 21.59 5.04 476 0.82
11422.54 5411379 281 17.88 21.79 536 455 078
11413.93 5411271 2.99 1827 22.00 570 436 075
114224 5411324 295 18.58 21.85 5.46 463 0.80
1135239 5411378 2.85 1853 21.70 521 4.84 0.84
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Table 31 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1134132 5411484 281 1842 | 21.66 5.14 4.88 0.84
1133086 5411374 2.80 1842 | 21.63 5.10 492 0.85
11321.63 5411263 2.87 18.77 21.65 5.14 497 0.86
1131117 541126 2.84 1882 | 21.60 5.06 5.07 0.87
11259.49 5411256 2.88 19.03 21.61 5.07 5.1 0.88
1125148 541136 2.83 1879 | 2159 5.04 5.08 0.88
11238.56 5411354 2.86 1890 | 21.61 5.07 5.07 0.88
11230.57 541135 2.90 1923 21.59 5.04 520 0.90
11222.57 5411184 2.99 19.83 21.59 5.05 535 0.92
11613.97 541250 340 1980 | 2224 6.13 4.40 076
116597 5412504 324 1943 22,09 5.86 452 078
115 53.66 5412565 3.16 1929 | 2201 572 459 0.79
11544.42 5412569 311 19.28 21.93 5.58 470 0.81
11535.19 541328 3.08 18.57 207 5.82 434 075
11524.11 541385 2.90 18.00 | 21.92 557 4.40 0.76
115118 541335 2.89 1778 21.97 5.65 429 0.74
115318 541338 279 17.57 21.85 5.46 438 076
1145456 541393 279 1747 21.88 551 432 075
1144224 5412372 2.65 1722 | 21.70 521 450 078
1143424 541342 2.61 1746 | 2156 499 477 0.82
1142255 541397 272 1782 | 21.64 5.12 474 0.82
11412.69 541397 285 18.31 2175 530 470 081
114346 5412588 2.92 18.48 21.82 5.40 4.66 0.80
1135299 5412588 2.82 1835 21.68 5.8 483 0.83
11343.14 541394 2.82 1859 | 2161 5.08 4.99 0.86
1133145 541337 2.82 18.38 21.67 5.17 484 0.84
113216 5412473 281 18.38 21.66 5.15 486 0.84
11310.52 541331 285 1844 | 2171 523 4.80 0.83
113005 541328 2.89 1874 | 2170 521 4.89 0.85
11250.19 541323 2.93 18.97 21.71 523 4.94 0.85
11239.73 541373 2.89 1900 | 21.63 5.11 5.07 0.87
112305 541256.1 2.90 18.95 21.67 5.16 499 0.86
11221.88 5412556 2.97 1922 | 2170 522 5.01 0.87
1121141 541303 2.99 1972 | 21.62 5.09 528 091
116542 5414276 340 19.68 2228 6.20 432 075
1155433 5414283 334 1959 | 2220 6.06 4.40 076
11544.47 541418 322 19.48 22,05 5.80 457 0.79
1153524 541429.1 3.10 19.21 21.93 559 468 0.81
1152476 5414295 3.04 18.62 | 21.99 5.68 4.46 0.77
1151244 5414245 2.83 18.02 | 21.80 537 457 0.79
1153.82 5414355 281 17.61 21.88 550 436 075
114 53.96 5414304 276 1748 21.83 5.42 439 076
11444.11 5414305 271 17.43 2175 529 4.49 0.77
1143548 5414252 2.64 1759 | 2157 5.00 479 0.83
1142378 5414253 275 17.92 | 21.68 5.18 471 081
11412.08 5414 36.1 279 1830 | 21.65 5.13 485 0.84
114345 5414253 2.82 1832 | 21.69 520 4.80 0.83
1135421 5414198 279 1855 21.58 5.03 5.02 0.87
1134374 541425 2.87 1859 | 21.70 521 485 0.84
1133327 5414248 2.89 1879 | 21.69 520 492 0.85
1131972 5414299 2.89 1854 | 2175 529 478 0.82
113924 541424.1 291 1856 | 21.79 535 472 0.82
1130 541429.1 297 18.63 21.87 5.49 462 0.80
1125138 5414233 2.96 19.03 2175 529 4.90 0.85
11241.52 5414284 295 1929 | 2165 5.14 5.1 0.88
1123044 5414279 295 1923 21.68 5.19 5.05 0.87
11221.19 5414219 2.99 1909 | 2178 534 487 0.84
1121134 541426.7 3.03 1949 | 2174 528 5.03 0.87
112086 5414314 2.96 19.85 21.53 495 5.46 0.94
11555.62 54160 339 1912 | 2225 6.15 437 075
11544.52 541555 334 19.67 2.18 6.02 445 0.77
11534.66 5415 55.6 328 1946 | 2215 597 444 0.77
11526.04 5415558 3.15 18.98 207 5.82 444 0.77
11514.94 5416 1.6 2.96 18.45 21.89 5.53 455 0.79
1155.69 5415511 2.85 17.87 21.87 5.49 443 0.77
1145399 5415568 2.89 17.87 21.93 5.60 435 075
1144351 5415569 2.86 17.77 21.92 557 435 075
11433.65 5415516 285 17.98 21.84 545 449 0.78
114244 5415 57.1 2.83 18.04 | 2179 536 458 0.79
1141392 541557.1 2.87 1839 | 21.77 532 47 081
114221 541625 2.88 1874 | 21.68 5.8 493 0.85
11352.96 541624 291 18.67 21.76 531 479 0.83
11342.49 541622 2.86 18.87 21.62 5.08 5.06 0.87
11332.01 5415 56.6 2.93 1874 | 2177 533 479 0.83
1132029 5416125 301 1874 | 21.90 555 4.60 0.79
1131044 5415452 3.07 1869 | 2201 572 445 0.77
1125934 541609 3.02 1880 | 2191 556 4.60 0.79
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1125195 5415552 298 1874 | 2186 547 467 081
1124146 541656 2.96 1904 | 2175 529 490 0.85
1123036 5416105 2.92 1912 | 21.66 5.15 5.05 0.87
11221.12 541553.6 295 19.18 21.69 520 5.02 0.87
11210.64 5415585 3.01 1922 | 2177 532 492 0.85
112017 54168.5 301 1975 21.64 5.1 526 091
116494 5417259 340 19.77 2226 6.16 437 075
11555.06 5417102 332 1974 | 2214 5.94 452 078
1154273 5417216 329 1959 | 2212 592 450 0.78
1153471 5417219 320 1932 | 2206 5.82 452 078
11524.85 5417277 312 1906 | 22.00 571 455 078
1151436 5417335 2.95 18.65 21.82 541 4.69 081
115449 5417121 2.92 1840 | 2185 5.46 459 0.79
1145524 5417285 2.90 17.94 | 21.94 5.60 436 075
1144537 541728.7 2.96 18.18 21.97 5.66 438 0.76
11433.04 5417288 3.00 18.13 22,05 5.80 426 0.73
1142379 5417289 3.05 18.62 | 22.00 570 444 0.77
1141392 5417235 3.00 1875 21.88 551 4.64 0.80
1142382 5417288 3.03 18.95 21.88 550 469 081
1135233 5417 34.1 297 19.11 2175 529 492 0.85
113437 5417124 2.90 1900 | 21.66 5.14 5.03 0.87
11331.98 5417176 285 1880 | 21.61 5.07 5.05 0.87
1132149 541728.1 3.01 1872 | 2191 5.56 459 0.79
11311.62 54172738 311 1874 | 2207 5.83 438 076
113053 541722 311 18.97 22.00 571 452 078
1125127 5417216 3.01 1894 | 2185 5.46 472 0.82
1124141 5417212 2.99 1875 21.86 5.48 4.66 0.81
11231.53 5417315 2.98 1884 | 21.82 541 474 0.82
1122043 5417254 2.94 19.09 | 2170 522 498 0.86
112995 5417247 2.97 1930 | 21.69 520 5.06 0.87
1120.08 541724.1 3.02 1936 | 2175 530 497 0.86
116746 5418 52.1 338 1966 | 2225 6.14 436 0.75
11555.12 5418529 3.8 19.55 2.13 593 4.49 0.77
1154278 5418533 323 19.48 22,06 5.80 457 0.79
1153537 5418537 312 19.19 | 219 5.64 463 0.80
1152427 5418 54.1 297 18.91 21.79 537 4.80 0.83
1151378 541953 2.89 1875 21.70 521 4.90 0.85
115391 541955 291 18.69 | 2175 530 481 0.83
11454.65 5418549 2.96 18.57 21.87 5.49 461 0.80
1144292 5418 55.1 2.96 1832 | 21.94 5.61 445 0.77
11433.05 5418552 3.05 18.61 22.00 572 443 0.77
1142379 5419115 3.05 18.62 | 22.00 571 444 0.77
114133 541907 3.04 19.08 21.86 547 475 0.82
114343 54196.1 2.99 1902 | 2177 533 4.89 0.84
11352.93 5419114 2.93 19.15 21.66 5.15 5.06 0.87
1134244 5419112 278 1900 | 21.44 481 538 0.93
11332.57 541902 278 18.98 21.46 4.84 534 0.92
1132146 54190 2.98 18.97 21.79 535 4.83 0.83
1131035 5419104 3.10 19.03 21.98 567 457 0.79
113047 5418 53.7 311 19.07 21.98 5.67 458 0.79
1125121 5418589 298 19.07 21.77 532 488 0.84
11241.96 541992 295 18.77 21.79 537 476 0.82
11230.84 5419 14 2.90 1846 | 21.80 537 468 081
112216 5418519 2.89 1871 21.70 522 488 0.84
112925 541919 2.92 1920 | 21.63 5.1 5.12 0.88
112123 541913 3.04 1962 | 2173 527 5.07 0.88
11150.74 5418553 313 19.61 21.88 550 4.86 0.84
116753 5420185 339 1922 | 2238 6.38 411 071
11556.42 5420138 327 1926 | 2219 6.03 435 075
11544.68 5420 19.6 325 1914 | 2218 6.02 433 075
11534.81 -542020.1 3.14 18.91 2207 5.84 441 076
11523.69 5420 15.1 2.98 1862 | 21.88 551 461 0.80
11515.05 542020.8 2.85 1840 | 2173 526 476 0.82
115455 5420211 2.89 18.61 2173 5.26 482 0.83
114522 5420213 2.98 1884 | 2183 543 473 0.82
1144541 5420 16.1 3.05 19.11 21.88 5.50 473 0.82
11433.06 5420162 3.06 19.07 21.90 5.54 4.69 081
114238 5420217 3.06 19.17 21.87 5.49 475 0.82
1141144 5420163 3.00 19.07 21.79 536 4.84 0.84
114218 542027 2.94 19.17 21.67 5.17 5.05 0.87
1135292 542027 2.87 19.11 21.57 5.01 5.19 0.90
1134138 5420214 278 1909 | 2142 478 5.44 0.94
11333.16 5420158 275 19.13 21.36 4.69 555 0.96
11322.04 5420317 2.84 1925 21.48 487 538 0.93
1131093 5420314 297 1933 21.68 5.18 5.08 0.88
11259.81 5420255 3.06 19.17 21.88 550 474 0.82
11251.17 5420 14.4 2.93 1902 | 2170 521 497 0.86

continued on next page

258




Table 31 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
11240.05 5420 30.1 2.82 18.81 21.56 499 5.13 0.89
11230.17 5420134 279 18.58 21.57 5.01 5.05 0.87
1122153 5420237 274 18.43 21.53 495 5.07 0.88
11298 542017.6 2.84 19.14 | 2152 492 529 091
11626.76 5421546 354 19.77 2246 6.53 412 071
11618.1 5421389 342 1935 22.39 6.40 4.12 071
116636 5421288 336 1889 | 2242 6.46 398 0.69
11557.1 5421402 327 18.77 2233 6.28 407 0.70
1154597 5421 40.6 322 18.83 2.2 6.09 421 0.73
1153547 5421465 313 18.67 2.12 592 430 074
1152621 5421 57.7 2.98 1835 21.95 5.63 444 0.77
115157 542158.1 2.88 1804 | 21.87 5.48 448 0.77
115334 5421475 2.83 18.13 21.76 532 4.64 0.80
1145593 542147.7 291 1872 | 2175 5.29 482 0.83
1144481 542158.7 3.04 1906 | 21.87 5.49 472 0.82
11436.16 5421534 3.15 1935 21.98 5.67 4.64 0.80
1142503 5421535 3.03 1904 | 2186 548 473 0.82
1141268 5421589 295 18.68 21.83 542 470 081
114341 5421534 2.90 1878 2172 524 488 0.84
113 54.76 5421588 2.88 18.93 21.63 5.1 5.05 0.87
1134364 54224 277 18.91 21.45 482 534 0.92
11333.13 5421584 2.80 19.21 21.44 4.80 545 0.94
1132325 542142 291 1932 | 2159 5.04 522 0.90
1131336 5421524 2.89 19.58 21.49 4.89 5.46 0.94
1131 542152 2.93 19.53 21.58 5.02 530 091
1125235 5421463 2.92 1937 21.60 5.05 522 0.90
11241.85 5421457 2.83 1906 | 21.52 493 527 091
11231.97 5421 56.1 2.82 19.06 | 2147 4586 536 0.93
1122084 5421 44.6 273 1872 | 2144 481 530 0.92
11211.57 542144 2.83 1921 21.49 4.88 5.36 0.92
11 627.46 542337.1 339 19.73 2225 6.15 437 0.75
11616.95 5423269 335 19.16 | 2234 6.30 4.14 0.71
116582 5423276 326 18.91 2226 6.16 4.18 0.72
1155593 5423444 325 18.73 2230 6.24 409 071
11546.65 5423179 322 18.67 227 6.18 4.11 0.71
11538 542329 3.10 18.66 | 2208 5.85 435 075
1152501 5423 24.1 3.02 18.28 22,05 579 430 074
11512.64 5423245 2.86 17.93 21.88 550 444 0.77
115523 5423193 276 1772 | 2175 529 456 0.79
1145533 5423195 2.82 18.13 2175 530 4.66 0.80
1144544 542325.1 3.00 18.81 21.86 5.48 467 081
114337 5423252 3.08 1894 | 2197 5.66 456 0.79
1142504 5423 36.1 3.02 18.68 21.94 5.60 454 078
1141329 5423307 2.97 1835 21.93 5.60 446 0.77
114402 5423252 291 17.97 21.95 5.63 435 075
1135289 54239 2.85 1840 | 2173 5.26 477 0.82
11343 5423 19.6 2.89 1872 | 2171 524 487 0.84
1133372 5423249 2.99 19.15 21.76 531 491 0.85
1132135 5423299 3.0l 1944 | 2172 524 5.05 0.87
11312.08 5423242 2.97 19.37 21.68 5.8 5.09 0.88
113158 5423238 2.96 1959 | 21.60 5.05 528 091
1125044 5423287 2.94 19.37 21.63 5.10 5.17 0.89
1124178 5423338 2.90 19.38 21.55 498 530 0.92
11231.89 542344 2.88 19.14 | 2158 5.02 5.19 0.90
11220.76 5423434 2.86 19.63 21.43 4.80 557 0.96
1121026 5423158 291 19.45 21.55 498 532 0.92
1173891 5420112 350 1966 | 2243 6.47 4.14 071
1172842 5420 17.6 336 19.65 2223 6.10 439 076
11717.92 5420 18.8 334 19.63 22.19 6.04 443 076
117804 54208.7 336 1982 | 2218 6.02 448 0.77
1174026 5421214 346 19.51 2241 6.44 412 071
1172791 5421 44.1 336 19.48 227 6.18 429 0.74
1171926 5421449 334 1950 | 2223 6.11 435 075
117691 5421513 341 1964 | 2231 6.25 428 0.74
11739.78 5423147 339 19.48 2231 6.25 424 0.73
11728.04 5423212 332 1929 | 2225 6.15 427 0.74
1171877 5423 22.1 333 1950 | 2221 6.08 437 075
11710, 5423175 337 19.55 2226 6.16 432 075
1165897 542377 340 19.69 | 2227 6.18 434 075
117 38.66 5424467 334 19.75 2.16 5.98 449 078
11729.39 5424474 331 1926 | 2225 6.15 426 074
11718.87 5424594 344 1933 2243 6.46 407 0.70
117836 5424495 346 19.45 2243 6.47 4.09 071
116 59.08 5424502 337 19.55 2226 6.16 432 075
116 50.42 5424509 335 19.53 2223 6.11 435 075
11636.19 5424413 332 1974 | 2214 595 452 078
11627.53 5424419 328 19.69 | 22.09 5.86 457 0.79
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1161577 5424438.1 319 1935 22,03 576 458 0.79
1167.12 5424432 320 18.83 22.19 6.04 424 0.73
11556.61 5424598 320 18.87 22.19 6.03 426 0.74
11547.32 542444.] 313 18.68 2.12 592 430 074
11537.42 5424 44.6 311 18.61 22.10 5.89 431 074
1152628 5424 45.1 2.96 18.14 | 2199 5.69 434 075
11515.16 5424509 2.90 1794 | 2193 5.60 437 075
115526 5424565 281 1776 | 21.82 541 447 0.77
114 56.59 5424459 2.84 18.03 21.81 538 456 0.79
1144422 5424515 2.89 1836 | 21.80 538 465 0.80
1143432 5424 51.6 3.00 18.64 | 21.92 557 455 0.79
1142195 542525 2.97 1872 | 21.84 545 4.68 081
1141576 5424517 2.95 1849 | 2187 5.49 458 0.79
114463 5424 57.1 2.95 1846 | 21.89 552 456 0.79
1135349 542457 291 18.10 | 2191 5.56 443 0.77
1134359 542576 291 1854 | 21.79 536 471 0.81
11333.69 54252 298 18.87 21.82 541 475 0.82
11321.94 5424455 3.10 19.48 21.86 548 4.84 0.84
113 12.66 5424 56.1 3.07 19.58 21.79 535 498 0.86
1132.15 5424 55.6 3.02 1943 21.74 528 5.01 0.87
1125039 542506 3.00 1956 | 21.67 5.17 5.16 0.89
11239.87 54250.1 2.98 1920 | 2173 527 4.96 0.86
112312 54255 3.02 1937 21.76 531 497 0.86
112207 5424 53.6 3.02 19.48 2172 525 5.05 0.87
112108 542453 3.05 19.71 2172 525 5.1 0.88
11729.51 5426 13.9 336 1933 22.30 6.23 423 0.73
1171836 54269.6 351 19.08 22,61 6.81 382 0.66
117846 5426214 349 19.16 | 2255 6.69 3.90 0.67
11659.79 5426112 333 1927 2228 6.19 424 073
1165113 5426174 3.14 19.19 | 22.00 571 457 0.79
11637.51 5426 13.1 3.14 19.05 22.03 575 451 0.78
11627.6 5426 13.7 3.03 19.18 21.83 542 482 0.83
116177 5426 14.4 2.97 1922 | 2172 524 5.00 0.86
116738 54269.5 3.04 19.13 21.86 547 476 0.82
11556.04 5426154 312 18.91 22,03 576 447 0.77
11547.99 5426159 318 1896 | 2212 592 436 075
11536.23 5426273 3.03 18.77 21.93 5.60 457 0.79
1152571 5426114 3.01 18.28 22.04 577 431 074
1151581 542622.6 285 18.07 21.82 541 455 0.79
1157.14 5426337 2.86 1799 | 2185 545 4.49 078
11454.14 5426 17.8 2.88 18.04 | 2187 5.48 448 0.77
1144424 5426 34.1 2.96 1832 | 2193 559 446 0.77
1143557 5426342 291 18.43 21.82 541 4.64 0.80
11425.05 5426289 2.97 1854 | 21.89 553 457 0.79
1141329 5426343 2.93 18.63 21.80 538 472 081
1144 542639.7 2.94 18.66 | 21.80 538 473 0.82
11354.1 542628.8 3.01 18.56 | 21.95 5.62 450 0.78
1134233 5426 34 3.00 18.45 21.96 5.64 446 0.77
1133243 5426338 3.05 19.08 21.88 551 472 0.81
1132315 5426282 3.13 19.48 21.91 555 478 0.83
1131138 5426224 317 1986 | 21.88 551 491 0.85
113 1.48 5426274 3.10 1974 | 2179 536 5.02 0.87
11251.58 5426269 3.10 19.68 21.81 539 497 0.86
11241.67 5426 26.6 3.04 19.78 21.68 5.8 520 0.90
1122991 5426259 3.04 19.66 | 21.71 523 5.12 0.88
11220.63 5426202 3.04 19.71 21.71 523 5.13 0.89
11210.73 5426247 3.10 19.77 21.79 536 5.03 0.87
117389 5427394 328 19.51 2.13 5.94 448 0.77
1173023 5427349 323 1926 | 2213 593 443 076
11719.08 5427413 339 1890 | 2247 6.56 392 0.68
1179.18 542742.1 341 18.77 22.54 6.69 382 0.66
11659.27 5427377 318 18.88 2.14 595 432 075
11648.74 5427439 3.04 1900 | 21.89 5.53 4.68 0.81
11638.84 -542750.1 2.99 18.75 21.87 5.49 465 0.80
116283 5427454 2.99 1870 | 21.88 550 463 0.80
11616.54 5427 46.1 291 18.67 21.75 530 4.80 0.83
116725 5427467 298 18.98 21.79 537 482 0.83
11557.96 542758 3.08 19.11 21.93 558 4.66 0.80
1154743 5427478 3.19 19.09 | 2210 5.88 442 076
115369 5427482 318 18.88 2.15 5.96 431 074
115239 5427 54.1 2.96 1840 | 21.90 555 452 078
11515.23 542852 2.88 18.12 | 2186 547 451 078
1157.17 5427 54.6 2.90 18.19 | 2186 5.48 452 078
114554 5427549 297 1824 | 2197 5.65 439 076
1144549 54280.5 295 1827 21.94 5.60 444 0.77
1143434 5427552 291 18.31 21.85 5.46 456 0.79
1142443 5427553 2.90 1832 | 2183 542 4.60 0.80
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
114139 5427553 2.92 1852 | 2182 541 467 081
114461 5427499 293 1875 21.76 531 4.80 0.83
1135408 54280.6 2.96 1886 | 21.79 535 4.80 0.83
11341.69 542804 3.05 1889 | 21.92 558 461 0.80
11333.02 542802 3.07 1872 | 22.00 571 446 0.77
1132249 5428107 3.10 1940 | 2188 551 4.80 0.83
11312.58 5427542 3.14 1962 | 2188 550 485 0.84
113081 5428 10.1 317 1980 | 21.89 553 488 0.84
1125028 5427588 312 1980 | 21.80 538 5.01 0.87
1123975 5427583 3.08 1979 | 2175 529 5.10 0.88
11229.84 542832 3.02 19.85 21.64 5.1 529 091
1121931 5427518 3.06 1982 | 2170 522 5.17 0.89
112818 5427 40.1 313 1982 | 2181 5.40 5.00 0.86
1174833 5429 15.6 345 1979 | 2233 6.28 429 0.74
1173839 542904 325 1890 | 2225 6.14 4.19 0.72
1172725 54297 3.18 1880 | 2216 5.99 427 0.74
11719.18 542923 323 1872 | 2227 6.19 4.12 0.71
117928 5429 14 324 1856 | 2232 6.27 403 0.70
11659.98 5428585 3.09 1849 | 2211 5.89 427 0.74
11649.44 54295 3.06 18.60 | 2203 576 4.40 076
116383 542922 3.03 18.77 21.93 559 457 0.79
11627.14 542964 2.94 1846 | 21.86 5.48 459 0.79
11617.85 5429125 2.92 1820 | 21.90 5.54 447 0.77
1167.93 5429 13.1 2.96 1846 | 21.90 5.54 454 078
1155678 5429138 3.08 1890 | 2198 5.67 454 078
1154562 542919.7 325 19.06 | 2217 6.01 434 075
11536.95 5429 14.7 320 18.91 2.16 5.99 430 0.74
1152579 5429 15.1 3.08 1856 | 22.06 5.82 434 075
1151588 5429208 2.86 1831 21.76 531 4.69 0.81
11572 5429211 2.88 1829 | 2181 538 4.63 0.80
1145542 -542926.7 2.94 1836 | 21.88 551 454 0.78
11444389 5429 10.7 2.98 1842 | 2194 5.60 448 0.77
1143559 5429162 2.89 18.23 21.83 542 458 0.79
1142568 542955 2.84 1836 | 21.71 524 477 0.82
11415.14 542955 2.82 18.48 21.65 5.14 4.89 0.85
114461 542921.7 285 18.69 | 21.64 5.13 4.96 0.86
11352.83 5429215 2.96 18.93 21.78 534 483 0.83
11342.92 5429214 3.03 19.01 21.86 547 473 0.82
1133238 542921.1 312 18.98 22.02 575 450 078
11323.08 5429264 3.07 1904 | 2192 558 4.65 0.80
11312.54 5429314 3.02 1925 21.79 535 4.90 0.85
1132.62 542925.7 3.14 19.53 21.90 5.54 4.80 0.83
11249.61 5429143 312 19.97 2177 533 5.10 0.88
11240.93 5429194 3.06 1979 | 2172 525 5.13 0.89
1122978 5429 18.7 3.00 19.67 21.65 5.14 521 0.90
1122048 5429183 3.01 19.67 21.67 5.17 5.18 0.90
112747 5429 12.1 320 19.77 21.94 5.61 4.80 0.83
1175031 -543030.9 329 1946 | 2216 5.99 442 0.76
1174038 543015.8 3.15 1874 | 2214 595 429 0.74
1172922 543027.8 3.13 18.28 2222 6.09 4.09 071
11719.91 5430 34.1 313 1835 221 6.07 412 071
11710.62 543029.6 3.14 1836 | 2222 6.10 4.10 071
116 59.46 5430357 3.05 1834 | 2208 5.84 428 074
11649.54 -543036.6 3.02 1849 | 22.00 570 442 076
11 639.01 5430429 3.02 1846 | 22.00 570 441 076
1162847 5430545 3.03 18.41 22,03 575 436 075
11618.55 543049.7 297 1822 | 2197 5.66 438 0.76
116676 5430342 2.94 1827 21.92 557 447 0.77
115587 5430509 3.06 1874 | 21.99 5.69 448 0.77
1154691 5430352 312 18.98 22,02 574 450 078
1153823 543035.6 325 19.08 22.20 6.06 429 0.74
1152646 5430523 3.14 1872 | 2211 5.90 432 075
1151591 5430526 3.03 18.47 22,01 572 439 0.76
1157.23 5430474 291 18.45 21.81 539 4.66 0.80
1145483 -543053.1 291 1854 | 2178 535 472 0.82
11446.14 -543047.9 2.94 1857 21.83 542 467 0.81
1143623 -543058.8 2.96 18.43 21.90 5.54 453 0.78
114232 -543048.1 2.86 1824 | 21.79 536 463 0.80
1141452 -543048.1 2.84 18.43 21.70 521 482 0.83
114398 -543048.1 2.80 18.66 | 2157 5.01 5.07 0.88
1135281 5430533 2.89 18.85 21.68 5.8 4.96 0.86
1134227 5430 58.6 3.06 1906 | 21.90 555 468 081
1133297 5430476 3.09 1906 | 2195 5.62 462 0.80
11323.67 5430582 3.04 18.83 21.93 559 459 0.79
11311.88 543132 2.93 1882 | 2175 530 483 0.83
1131.96 5430574 2.96 19.11 21.73 526 495 0.85
112 52.66 543124 3.08 19.58 21.79 536 497 0.86
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
11239.64 543118 301 1974 | 2165 5.13 524 0.90
1122971 543056 2.94 19.51 21.59 5.05 526 091
1122227 5430555 293 1942 | 2159 5.04 524 091
1129.88 5430493 3.02 19.71 21.67 5.17 520 0.90
118035 543269 340 1964 | 2229 6.22 430 074
1175042 5431576 322 1921 2.12 592 442 076
11739.88 5431584 3.06 1882 | 21.96 5.64 455 078
11729.33 5431597 3.09 18.57 22.09 5.86 432 075
1172127 543203 3.06 18.02 | 2218 6.02 408 0.70
1177.63 5432122 3.04 1819 | 22.10 5.88 421 0.73
1170.18 543213 3.04 1821 22.10 5.88 422 0.73
11649.64 5432193 3.05 18.43 22,05 579 433 075
11639.1 543220 3.06 18.57 22.04 577 438 0.76
11627.31 5432262 3.01 1839 | 21.99 5.60 4.40 0.76
11617.38 543227 3.00 1829 | 22.00 571 436 075
116745 5432222 3.01 1830 | 22.02 574 434 0.75
11557.52 5432119 3.00 1859 | 2192 557 454 078
1154821 5432232 3.10 1894 | 2199 5.69 453 0.78
1153828 5432236 315 19.03 2205 5.80 447 0.77
11525.88 5432294 320 18.81 22.19 6.04 424 073
11517.81 5432189 315 18.69 | 2215 597 427 0.74
1157.26 -543230.1 3.04 1849 | 2203 576 437 076
11456.09 5432357 3.03 1870 | 2195 5.62 453 078
11448.03 543225.1 3.02 18.67 21.95 5.62 452 078
11435.62 5432306 3.00 1874 | 2188 550 4.64 0.80
1142507 5432253 2.98 18.57 21.89 552 458 0.79
1141452 5432199 2.95 1846 | 21.88 551 456 0.79
114459 5432145 2.93 18.66 | 2178 535 475 0.82
1135342 543225.1 2.93 1879 | 2175 530 483 0.83
11344.11 5432304 3.00 18.83 21.86 547 4.68 0.81
11333.56 5432356 3.03 1879 | 21.92 558 459 0.79
1132301 5432354 3.00 1862 | 2192 5.58 454 0.78
11311.22 5432457 291 1849 | 21.80 538 468 0381
1132.54 5432184 2.89 18.81 21.68 5.19 494 0.85
1125261 5432343 297 1906 | 2175 529 491 0.85
112402 5432282 3.03 1942 | 2176 531 498 0.86
11229.65 5432169 3.00 1935 2172 525 5.02 0.87
112222 5432327 2.88 1933 21.54 495 531 0.92
11298 5432159 295 19.48 21.61 5.07 524 0.90
1181.73 543328 342 1943 2238 6.37 4.15 0.72
11750.55 5433345 323 1879 | 2225 6.14 4.17 0.72
1174126 5433357 312 18.85 22,06 5.81 442 076
1173132 543342.1 3.09 1899 | 21.97 5.67 456 0.79
11720.77 5433375 312 1859 | 2212 592 428 0.74
11796 5433332 3.07 1809 | 2218 6.03 4.09 071
11703 54341 3.06 1831 2.11 5.90 423 0.73
116485 5433511 3.13 18.65 22.13 5.93 429 0.74
11 639.81 5433573 313 18.81 22,08 5.85 438 0.76
116 28.63 543358 311 1859 | 22.10 5.89 430 0.74
11618.07 54344.1 3.07 1833 2.11 5.89 424 0.73
1168.14 5433593 3.08 1830 | 22.14 5.96 418 0.72
1155821 543453 3.07 1843 22,09 5.87 428 0.74
11547.03 5433442 3.06 1853 22,05 579 436 075
11537.72 543462 3.14 1892 | 2207 5.83 442 076
11527.16 5433559 3.14 1880 | 2211 5.89 435 075
1151599 5433562 3.14 18.57 217 6.00 422 0.73
1157.29 5433564 312 18.61 2.13 593 428 074
1145488 543475 3.05 18.47 22,05 579 434 075
11446.18 5433 46.1 3.10 18.64 | 2208 5.84 434 075
1143438 543357 3.04 18.48 22,02 575 438 076
1142445 543425 3.00 18.62 | 2191 556 456 0.79
11413.89 5433 57.1 2.97 1846 | 21.91 555 453 0.78
11452 5433517 3.00 1864 | 2192 557 456 0.79
1135278 5433515 2.98 1870 | 21.86 547 4.66 0.80
1134347 543476 2.96 1864 | 2185 545 4.66 0.80
1133415 54342 2.93 1854 | 21.82 5.40 4.68 081
1132236 54347.1 2.96 18.45 21.89 553 454 0.78
1131118 543467 2.96 18.63 21.85 545 465 0.80
113125 543464 297 1874 | 21.84 545 468 081
1125131 5434114 2.98 19.17 21.74 528 494 0.85
1124138 5433548 3.09 1924 | 21.90 5.54 473 0.82
11232.06 543359.8 2.99 1932 | 2172 524 5.02 0.87
11222.13 5433429 2.94 1927 21.65 5.14 5.1 0.88
11211.59 5433424 2.98 1943 21.67 5.17 5.12 0.88
1189.95 5434533 347 19.65 22.39 6.39 4.19 0.72
1180.64 5435106 334 19.28 22.29 6.22 422 0.73
11750.69 5435 1.1 318 1872 | 2219 6.03 423 0.73
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1174139 5435127 315 1851 2220 6.05 416 0.72
1172958 5435193 311 18.88 22,02 575 447 0.77
11719.64 54354.1 3.09 1890 | 22.00 570 451 078
1179.08 5435158 311 1852 | 2213 593 425 0.73
117038 5435166 315 1845 2.22 6.09 413 071
11 648.59 5435175 323 1886 | 2222 6.10 421 0.73
116 38.02 543575 330 1902 | 2227 6.18 421 0.73
11629.33 5435136 324 18.93 2223 6.11 422 0.73
11617.53 5435 19.7 3.16 1846 | 2223 6.10 412 071
116884 5435365 315 1819 | 22.29 6.22 398 0.69
11557.03 5435317 3.14 18.17 227 6.17 401 0.69
11547.09 5435322 311 1839 | 2216 5.99 418 0.72
11537.77 5435272 3.08 1849 | 2208 5.85 430 0.74
11527.21 543533.1 3.06 1849 | 22.06 5.81 433 0.75
115 16.64 5435334 3.06 1829 | 2211 5.89 423 0.73
115545 5435175 3.03 1823 22.07 5.83 426 0.73
1145552 5435285 3.07 18.43 22.09 5.87 427 0.74
1144558 54357.1 301 18.17 2207 5.82 425 0.73
1143502 5435342 3.05 1834 | 2208 5.85 427 0.74
1142508 5435289 3.00 1826 | 2201 572 434 075
1141451 5435289 3.06 18.57 22.04 577 438 0.76
114395 5435235 3.08 18.55 2207 5.83 433 075
11354.01 5435288 3.04 18.61 21.99 5.69 445 0.77
1134345 5435286 295 1845 21.88 550 457 0.79
11334.13 5435176 2.89 1833 21.82 541 462 0.80
1132171 5435173 291 1837 21.84 5.44 4.60 0.79
1131115 543517 3.01 1882 | 21.89 553 4.64 0.80
1131.83 5435112 3.09 1927 21.90 5.54 474 0.82
11250.64 5435108 311 1935 21.90 5.54 476 0.82
11241.94 5435266 312 1952 | 21.88 550 483 0.83
11232 5435315 3.07 1936 | 21.84 544 485 0.84
1122143 -543530.8 2.96 1944 | 21.64 5.11 5.18 0.89
11821.89 5436292 3.29 19.63 2.12 591 452 0.78
11811.94 5436303 3.16 19.09 | 2205 5.80 448 0.77
1182 5436315 3.09 18.93 21.99 5.69 453 078
1175206 5436273 3.10 1876 | 22.04 578 442 076
117421 5436283 3.08 1854 | 2208 5.84 432 075
11731.54 5436 18.6 3.07 18.69 | 2202 575 443 076
11719.11 5436307 3.05 18.87 21.94 5.60 459 0.79
117981 5436 42.1 311 19.08 21.98 5.68 458 0.79
11659.23 5436378 3.19 1921 22,08 5.84 448 0.77
116 50.53 543633 337 1935 231 6.25 421 0.73
11639.97 5436338 345 1924 | 2247 6.54 401 0.69
11628.78 5436345 332 1890 | 2235 633 4.06 0.70
11618.23 5436 46.1 313 1844 | 2219 6.03 4.16 0.72
11689 5436 46.7 3.15 1821 2228 621 4.00 0.69
1155771 5436474 322 18.35 2235 6.33 3.95 0.68
11546.52 5436 58.7 320 1833 2233 6.30 3.96 0.68
11536.57 5436 59.1 3.14 1846 | 2219 6.03 4.17 0.72
1152725 -543648.7 3.10 18.27 22.19 6.03 4.13 0.71
115173 5436 59.8 3.03 18.08 2.13 592 4.16 0.72
115673 5436547 3.00 18.01 22.08 5.84 420 0.72
1145554 543757 2.96 18.16 | 2198 5.68 435 075
114456 5436 55.1 3.00 1824 | 2201 573 433 075
1143565 54376 298 18.11 22,03 576 428 074
114257 543707 3.03 1820 | 2208 5.85 424 0.73
11413.89 5436499 3.09 18.41 2.13 593 423 0.73
114457 5436499 3.14 1876 | 22.11 5.89 433 075
11354 5436552 3.07 18.60 | 2203 577 439 076
11342.81 5436 49.6 2.98 1834 | 21.96 5.64 442 076
11334.1 5436 54.8 2.90 1834 | 21.82 541 462 0.80
11322.29 5436 59.9 2.99 1859 | 21.91 555 456 0.79
1131421 5436 54.3 313 19.01 22,03 576 4.49 0.78
113054 5436322 322 1962 | 2201 572 467 0.81
1123256 543647.1 3.14 19.77 21.85 545 4.94 0.85
11222 5436412 3.06 19.58 21.77 533 5.00 0.86
1182265 543750 326 19.51 2.11 5.89 451 0.78
11812.09 54382 301 18.65 21.94 5.60 453 0.78
118276 5437576 3.04 1859 | 22.00 570 444 0.77
11751.58 543898 312 1870 | 22.09 5.87 434 075
1174037 543802 312 1879 | 2207 5.83 439 076
1173228 5437449 311 18.62 | 2209 5.87 432 075
11719.85 543877 311 18.83 22,05 579 443 076
11710.53 5438139 313 19.16 | 21.99 5.69 458 0.79
11659.34 5438203 3.19 1949 | 22.00 571 465 0.80
11 650.01 5438 15.6 329 19.61 2.13 593 450 078
11638.18 5438112 332 1937 224 6.13 430 0.74
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1162636 5437559 324 1878 2227 6.18 4.14 0.71
1161581 5438288 313 1838 2220 6.05 4.14 071
116647 5438133 317 1840 | 2225 6.15 407 0.70
1155839 543819 322 18.65 2228 6.19 4.10 071
11547.82 5438 19.6 328 18.93 2230 6.23 4.14 071
11536.62 5438255 323 18.66 | 2228 6.19 4.10 071
115248 5438 15.1 318 18.61 222 6.09 4.16 0.72
1151671 -543826.1 3.04 18.19 | 2211 5.89 420 0.73
1154.89 5438103 2.98 17.93 22,08 5.84 418 0.72
1145432 543832.1 295 18.01 22.00 571 429 074
1144499 5438215 2.95 1822 | 2195 5.63 441 076
114 35.66 5438324 2.99 18.18 2,02 573 432 075
1142571 5438163 3.05 18.17 2.12 592 4.18 0.72
1141451 5438217 3.10 1842 | 2213 5.94 42 0.73
114394 543827 3.14 1874 | 2212 592 431 0.74
1135398 543827 3.14 18.83 22.09 5.87 437 0.75
1134403 5438106 3.03 18.66 | 21.96 5.65 450 078
1133408 543832 3.03 18.65 21.96 5.64 450 0.78
1132101 5438209 3.10 1904 | 2197 5.66 458 0.79
11312.93 5438206 321 19.55 22,01 573 465 0.80
11821.58 5439327 322 19.55 22.02 575 463 0.80
11812.23 5439284 3.09 1920 | 2191 555 47 081
118228 5439349 3.07 1889 | 21.96 5.65 455 0.79
1175233 5439363 313 18.85 2207 5.83 4.40 076
11740.51 5439374 320 19.01 2.15 5.96 434 075
1173242 5439437 326 18.97 225 6.15 420 0.73
1172121 5439392 324 18.81 2226 6.15 4.16 0.72
11710.63 5439349 322 1904 | 2217 6.00 432 075
1170.07 543952.1 3.8 1951 22.13 5.94 448 0.77
1164824 5439476 327 19.63 22.10 5.87 455 0.79
11640.15 5439536 326 19.19 | 2218 6.03 433 0.75
11628.33 5439383 3.17 1872 | 2218 6.02 424 0.73
1161588 5439552 3.14 18.48 22.19 6.03 417 0.72
1167.16 5439504 318 18.64 | 2221 6.08 418 0.72
1155845 5439563 337 1894 | 2242 6.46 3.99 0.69
1154849 5439352 334 19.25 22.29 6.22 421 073
11536.67 544027 341 19.21 242 6.45 4.06 0.70
1152546 5439415 332 18.77 22.40 6.42 398 0.69
11517.37 5439 58 3.17 1870 | 2218 6.02 423 0.73
1155.55 54409.1 301 1826 | 22.04 578 430 074
114 54.96 5439477 2.93 18.11 21.94 5.61 4.40 076
1144625 5439425 297 1822 | 2197 5.66 438 076
1143505 543958.8 295 18.37 21.90 555 451 078
11423.84 54409.7 2.94 18.48 21.85 5.46 461 0.80
11413.89 54409.7 312 1869 | 22.10 5.88 433 075
1142.68 543942.6 3.14 1872 | 2213 592 430 0.74
1135335 5439479 312 19.07 21.99 5.69 456 0.79
1134338 544094 3.08 1892 | 21.98 567 454 0.78
1133405 5439 53.1 3.13 192 | 22.00 5.70 457 0.79
1132347 5439473 321 19.57 2201 572 4.66 0.80
1181178 5441165 3.14 19.66 | 2188 551 4.86 0.84
1181.17 -544050.8 3.10 1953 21.84 5.44 4.89 0.84
1175123 54418.1 315 19.09 | 2204 578 449 078
11740.02 5441 14.8 326 19.08 222 6.09 427 074
11730.04 5440 59.6 330 19.31 221 6.08 433 075
1172008 544158 339 1924 | 2238 6.39 4.10 071
1171136 544166 339 1940 | 2233 6.29 420 0.73
117077 54412.1 335 1956 | 2223 6.11 436 075
11 649.56 544187 328 19.63 22.10 5.89 454 0.78
11640.23 5441 14.6 324 19.45 22,09 5.86 452 078
11629.02 5441155 327 19.05 224 6.13 423 0.73
11619.68 5441107 322 1872 | 2225 6.14 415 0.72
1167.22 5441114 342 1890 | 2252 6.64 388 0.67
115 56.64 5441174 346 1896 | 22.56 6.73 3.84 0.66
115473 5441178 350 1924 | 2254 6.68 3.92 0.68
1153671 5441182 350 19.33 252 6.64 397 0.68
1152426 5441133 347 19.16 | 2252 6.64 393 0.68
1151741 5441243 325 1886 | 2226 6.16 417 0.72
115495 5441247 3.08 18.60 | 22.06 5.81 436 075
114 54.99 5441303 2.92 1832 | 2187 5.49 454 078
114444 -544125.1 2.92 1821 21.89 552 4.49 078
114363 5441198 2.90 1836 | 21.82 542 462 0.80
1142572 5441253 295 18.64 | 21.82 541 4.69 0.81
1141451 5441253 3.06 18.97 21.92 558 463 0.80
114392 5441252 318 18.98 2.11 5.90 438 076
113552 5441252 320 19.21 22,08 5.85 447 0.77
11343.99 5441304 3.17 1942 | 2199 570 4.64 0.80

continued on next page

264




Table 31 — continued from previous page

R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1133465 544132 314 1974 | 2185 545 493 0.85
118 10.66 5442269 327 1974 | 2206 5.81 462 0.80
1182.57 544228 322 19.45 22,06 5.81 456 0.79
11750.73 5442453 311 19.14 | 21.96 5.64 462 0.80
11741.99 5442354 3.14 1862 | 2215 597 425 0.73
11729.55 5442367 326 18.91 227 6.18 4.17 0.72
1172021 5442484 331 1935 222 6.10 432 075
1171085 5442385 335 1952 | 2224 6.14 433 075
117025 5442394 335 19.85 2.15 5.96 454 0.78
11649.04 5442348 336 1976 | 22.20 6.05 444 0.77
11637.82 5442465 331 19.68 2.13 5.94 451 078
1162847 5442364 323 19.35 22,09 5.87 4.49 0.78
116 19.76 544237.1 334 1920 | 2232 6.26 417 0.72
1169.16 544243 344 19.33 22.42 6.46 4.07 0.70
11557.32 5442383 357 1932 | 262 6.83 385 0.66
1154735 5442496 356 19.48 2256 6.72 3.95 0.68
1153738 5442392 3.60 19.73 22.56 6.72 4.00 0.69
11528.04 544312 356 19.58 22.54 6.68 399 0.69
11518.07 5442562 342 19.27 242 6.45 407 0.70
115436 544251.1 327 1886 | 2229 6.22 413 071
1145688 5442459 312 18.83 22,05 5.80 442 0.76
1144691 5442515 3.08 1842 | 2210 5.88 427 074
11435.69 544324 3.04 18.17 2.11 5.90 4.19 0.72
11425.1 5442517 3.16 18.57 22.20 6.06 4.17 0.72
11415.75 5442409 320 19.03 2.13 5.94 436 075
114391 5442517 322 1940 | 2207 5.83 453 078
1135394 5442408 328 19.61 2.11 5.90 452 078
118271 5444159 324 19.43 22.09 5.86 452 0.78
1175273 5444038 312 1886 | 2205 579 443 0.77
1174338 544418 311 18.68 22,08 5.85 435 075
1173027 5443578 321 1872 | 2224 6.12 4.16 0.72
1172093 544493 325 19.17 22.18 6.01 434 0.75
1171032 54445 337 1953 2227 6.18 430 0.74
1165848 5444538 344 19.69 | 2234 6.30 426 0.73
11649.14 5444122 3.43 1976 | 2230 6.24 432 075
11639.16 54442.1 3.42 19.41 237 6.37 415 0.72
11629.18 5444238 334 19.37 227 6.18 427 074
116 18.58 544435 330 1930 | 2221 6.08 432 075
11686 5443588 345 19.37 2243 6.47 4.08 0.70
11559.87 5443592 351 1935 22.53 6.66 3.96 0.68
1154617 5444215 356 1932 | 2262 6.82 385 0.67
11536.81 544411 349 1946 | 2247 6.55 405 0.70
11528.08 5444168 346 1976 | 2235 6.32 426 0.73
11514.98 5444172 345 1959 | 2238 6.38 4.18 0.72
115626 5444229 335 19.45 2226 6.17 429 0.74
11455.03 5444123 328 1906 | 2226 6.16 421 0.73
1144568 5444125 3.18 18.95 2.12 592 436 0.75
1143383 544418 325 1890 | 2225 6.14 4.19 0.72
1142448 5444127 333 1902 | 2231 6.25 4.17 0.72
11415.13 5444 18.1 337 19.67 2223 6.12 438 0.76
1175285 5445327 311 19.17 21.96 5.64 463 0.80
1174038 5445393 3.10 1896 | 2199 570 453 078
1173039 5445242 318 1904 | 2209 5.87 442 076
11721.66 544525 327 1923 22.20 6.05 433 075
11649.22 5445223 353 1974 | 2245 651 413 071
11628.63 5445399 345 19.45 2241 6.44 411 071
116 18.04 -54 45 40.6 332 19.13 22.30 6.23 418 0.72
1168.68 5445413 343 18.91 22.53 6.65 387 0.67
115 58.07 5445419 351 1923 22.56 6.72 3.90 0.67
11548.09 544537 357 1939 | 22.61 681 388 0.67
11538.1 544532.1 353 1932 | 2256 6.72 391 0.68
115275 5445594 348 1940 | 2247 6.54 4.04 0.70
1151626 5445382 347 19.75 2236 6.34 424 0.73
115753 5445438 342 1946 | 2237 6.36 4.16 0.72
114563 5445549 334 1936 | 2227 6.18 427 0.74
1144445 5445497 332 1930 | 2225 6.14 428 0.74
1143384 544539 334 19.51 222 6.09 436 075
11423.86 5445283 340 19.78 224 6.13 439 076
1175237 5447938 3.17 19.63 21.93 559 478 0.83
1174177 544755 3.14 1933 21.96 563 467 081
1173178 544712 320 19.17 22.10 5.88 444 0.77
11723.63 5446 51.1 327 19.58 2.11 5.89 453 078
11620.61 5447124 340 19.38 2236 6.34 4.17 0.72
1169.99 544777 339 1929 | 2236 6.34 4.14 0.72
115575 5447137 348 19.14 | 2254 6.68 3.90 0.67
11547.52 544734 359 19.48 22.61 681 3.90 0.67
11528.16 5446 58.9 3.64 1980 | 2261 6.81 3.96 0.68
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R.A.(J2000) | Dec.J2000) | F(60) | F(100) T B, T) My Ay
hh mm ss dd mm ss Mly) (MIy) (K) (x10710) 5572 | (x1027)kg | (x107) mag
1151568 544710 359 1972 | 2255 671 4.00 0.69
1145695 5447213 345 19.61 2236 635 421 0.73
1144634 5447107 344 1962 | 2235 633 422 073
1169.44 5448449 339 19.45 232 6.27 422 0.73
115582 5448509 344 1950 | 2238 6.38 4.17 0.72
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Abstract. We present dust color temperature, dust mass, planck function and visual extinction distributions in
the four low-latitude (| [ |< 10°) far-infrared cavities namely FICO1+55, FIC05+28, FIC06—05 and FIC06—01
which are found to be located within 0.5° far-infrared loops G128—03, G182+00, G212—11 and G214—01,
respectively. These cavities are located within 3° of AGB stars ABG01+55, AGB05+28, AGB06—05 and
PAGB181, respectively. The dust color temperature of the core region is found to lie in the range 18.4 1.2 to
26.2 £ 1.7K. The product of dust color temperature and visual extinction is found to be consistent. The contour
maps showed that the low temperature region have greater mass density. The distribution of planck function
along major and minor diameters is found to be sinusoidal, suggesting oscillation in the grain temperature

distribution.

Keywords. ISM—AGB—DUST—IRAS.

1. Introduction

The surroundings of an AGB star is a natural labora-
tory in which one can study its effect in the interstellar
medium. The study of interaction between AGB wind
and the ambient interstellar medium can reveal the
process of cavity formation. A complete catalog of
AGB stars in IRAS PSC was developed by Suh and
Kwon (2009, 2011). Using all sky database of IRAS,
Wood et al. (1994) studied the images of nearby 100
dark molecular clouds at 60 um and 100 pm wave-
lengths. They calculated optical depth, visual extinction
of dust and hence proposed an empirical formula relat-
ing them.

Kiss et al. (2004) and Koenyves et al. (2007) inves-
tigated 462 far-infrared loops at 60 and 100 wm IRAS
map and studied their luminosity distributions. They
concluded that these structures might be formed by
high pressure events (e.g., AGB wind) in the past.
Odenwald and Rickard (1987) and Odenwald (1988)
recorded 15 high Galactic latitude clouds in the 100 pm
IRAS maps and studied their far-IR properties. Wein-
berger and Armsdorfer (2004) found a very large (~ 9°)
jet like structures in the far-infrared. They concluded
that the structure might form because of the interac-
tions of the wind of the AGB stars with ambient matter.

Aryal etal. (2010) found two giant bipolar dust emission
structures centred on PN NGC 1514 at FIR wavelengths.
In another work, Aryal et al. (2009) noticed that the PN
NGC 2899 is located at the center of a huge quadrupo-
lar cavity, whose directions of axes coincide with the
directions of the main axes of the optical PN. Aryal
and Weinberger (2006) detected a new infrared nebula
(R.A. = 08M"27™, Dec. = +25°54'(J2000)), suggested
that the pulsar PSR B0823+26 might be responsible for
its shaping.

Jha et al. (2017) studied dust color temperature and
dust mass distributions in four low-latitude (I < 20°)
far infrared loops (GO07+18, G143+07, G214—01 and
G323—-02) located nearby pulsars. They concluded that
these loops might be formed due to the high pressure
events occurred in the past (e.g., supernova explosion).
The dust color temperature of these loops are found to lie
in the range 19.4 £1.2 to 25.3 £ 1.7K. In another study,
Jha and Aryal (2018) calculated dust color tempera-
ture of two far-infrared cavities using AKARI and IRIS
maps. Interestingly, they found that the longer wave-
length AKARI map gives larger values of dust color
temperature than that of the shorter wavelength IRIS
maps.

Here we studied the dust color temperature and
extinction distributions in the cavity located nearby
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AGB stars. In addition, the distribution of Planck
function was studied. Finally, we drew conclusions
regarding the nature of FIR spectral distribution of cav-
ities. A selection procedure of four far-infrared cavity
candidates are described in Section. 2. A description of
dust color temperatures, dust mass and visual extinc-
tion is given in Section 3. Our result will be presented
in Section 4. Finally, we summarize our conclusions in
Section 5.

2. Far infrared cavities

Suh and Kwon (2009) presented infrared two-colour
diagrams for 3003 O-rich, 1168 C-rich, 362 S-type and
35 silicate carbon stars in our Galaxy. We performed
systematic search to find far-infrared cavities around
1168 C-rich AGB stars at 60 and 100 wm IRIS maps
using Sky View Virtual Observatory (http://skyview.
gsfc.nasa.gov/current/) and selected 4 far infrared cav-
ities for the study on the basis of following selection
criteria: (1) the core region of the cavity should have
flux minima at 100 pwm IRIS maps, (2) the major diam-
eter should be > 0.5°, (3) the region should lie in the
Galactic plane (—10° < b < 10°), and (4) the region
should lie within far-infrared loops (Kiss et al. 2004;
Koenyves et al. 2007; KK-loop hereafter). The database
of 4 far-infrared (FIR) cavities is listed in Table 1.
Figure 1 shows relative positions of the far-infrared
cavities and nearby AGB star with their proper motion
(represented by an arrow). The cavity FIC06—01 is
the distant (6.1 kpc) and FIC06—55 is the nearby (0.5
kpc). These cavities are found to be located within
0.5° from the centre of KK-loops namely G128—03,
G182+00, G212—11 and G214—01 (Kiss et al. 2004;
Koenyves et al. 2007), respectively. In all FIR maps
(Figures. 2a, 4a, 6a, 8a), KK-loop centres are repre-
sented by symbol ‘+’) are shown. The size of these loops
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Figure 1. Position of the four FIR cavities (dotted hollow
circle) and nearby AGB star (cross). The radius of the hollow
circleis 5°, where KK-loops (Kiss et al. 2004; Koenyves et al.
2007) are found to be located. The name of the far-infrared
cavities and AGB stars are shown. The arrows represent
proper motions of the AGB star. The direction of proper
motion suggests that the AGB star might have passed through
the far-infrared cavities.

are 3.6° x 3.2°,4.7° x 4.1°,8.4° x 7.1°,2.1° x 2.0°,
respectively (Kiss et al. 2004; Koenyves et al. 2007).
The nearby AGB stars (Table 1) are well within the far-
infrared loops.

In the raw IRAS image, point sources appear elon-
gated, along the scan direction. The point spread func-
tion (PSF) of an IRAS source can be determined by
studying geometry of the scans covering the source.
Therefore, we used IRIS maps (Miville-Deschnes and
Lagache 2005) which are available through the IRSA
interface (NASA/IPAC Infrared Science Archive). IRIS
maps benefit from better zodiacal emission subtrac-
tion, calibration and zero level compatible with COBE/
DIRBE, and better destriping. IRIS maps keep the full
ISSA resolution, including calibrated point sources. In
addition, diffuse emission calibration at scales smaller
than 1° was corrected for the variation of the IRAS
detector responsivity with scale and brightness.

For the background subtraction, we adopted the
method used in Aryal et al. (2010). We used the sur-
rounding region where flux density is minimum as a

Table 1. The database of four low-latitude (]/| < 10°) far-infrared cavities.

FIC «(J2000) (deg) 5(J2000) (deg) D (kpc) a (pc) b (pc) Nearby AGB
FICO1+55 01"35m198 +55°39'19” 1.9! 10.2 5.5 ABGO01+55
FIC05+28 05"54m043 +28°52/38” 3.82 43.1 26 AGB05+28
FIC06—55 06"21m05% —05°38/31"” 0.53 6.3 23 AGB06—05
FIC06—01 06"51m545 —01°35'43" 6.14 103.2 33.1 PAGB181

The first column lists the name of the cavity (FIChh+dd). The second and third columns give positions. The next three columns
list the derived distance (D), major (a) and minor (b) diameters of cavities. The last column lists the name of nearest AGB

star from the cavity centre.

I Garmany and Stencel (1992), 2: Preite-Martinez (1988), 3: Blitz et al. (1982), *: Szczerba et al. (2007)



J. Astrophys. Astr. (2019) 40:16

reference. After making a histogram, average value of
flux density was determined, and later it was subtracted
from each pixel. The foreground emission was sub-
tracted by considering the flux density contributed by
the IRAS point sources. The errors given with dust color
temperature and the mass are mainly due to the vari-
ation in the background and foreground subtraction.
The background correction was made in both 60 and
100 wm IRIS maps. We used ALADIN2.5 software to
get the values of flux density from FITS image of the
region of interest. The FITS images of FIR cavities are
downloaded from SkyView Virtual Observatory (http://
skyview.gsfc.nasa.gov/current/).

In the present work we studied dust color tempera-
ture, dust mass, visual extinction and Planck function
distributions. Finally, nature of FIR spectral distribution
will be discussed.

3. Methods

The method of calculation for the dust color temperature
and dust mass is described in Jha et al. (2017). Here
we briefly describe the methods for calculating optical
thickness and hence visual extinction using 100 pm
IRIS maps.

3.1 Dust color temperature

The dust color temperature of all pixels of selected four
FIR cavities were calculated using 60 and 100 pwm IRIS
flux densities. For this, we followed the method pro-
posed by Wood et al. (1994), and later it was improved
by Arce and Goodman (1999), Dupac et al. (2003),
Schnee et al. (2005). They derived an expression for
dust color temperature T, as

B -96 _F (60pm)
"~ In{R x 0.6G+A}" " F(100pm)
Here the value of 8 depends on dust, grain properties
(e.g., composition, size, compactness, structure, etc). Its
value is zero for a perfect blackbody. The amorphous

layer-lattice matter and crystalline dielectrics have g =
1 and 2, respectively.

Ty 6]

3.2 Dust mass and visual extinction

For the calculation of dust mass we first obtained the
value of flux density (F)) at 100 pwm maps. The dust
masses are estimated using (Hildebrand 1983)

Page30f 10 16

(b)

243 RA(J2000) 240

()

o  humber
—e—
—e—

¥ Gaussian Center =19.6 K

102 T,(K) 198 v

Figure 2. (a) 100 pwm IRIS map of the far-infrared cav-
ity FICO1+55 centered at (a) RA (J2000) = 01735195,
Dec (J2000) = 55°39'19”. The contours and image size are
shown. The IRIS contours represent 12.4, 12.6, 12.8, 12.9,
13.1, 13.2, 13.4 and 13.6 MJy sr—!'. The symbol ‘+* repre-
sents the position of the centre of KK-loop G128—03 (Kiss
et al. 2004; Koenyves et al. 2007). The dust color temper-
ature contour map (b) and distribution (c) are shown. The
color bars (b) and Gaussian fit (¢) can be seen. The error bars
represent standard error (10 of the distribution.
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Figure 3. (a) The variation of visual extinction (Ay) with
dust color temperature (7y) in the cavity FICO1+55. The best
fit equation is given (error in parentis). The distribution of
Planck function along the major (b) and minor diameter (c)
of the cavity. The positions A — B and C — D repre-
sent north—south and east-west directions in the cavity. The
Planck function distribution shows sinusoidal like function,
related to the grain temperature distribution. The sinusoidal
equation and regression coefficient (R) are shown. The error
bars represent standard error (£10) of the distribution.

@)

dust =

dap [ FD
30, [Bw, T)]

where a, p and Q, represent grain size, grain density
and grain emissivity. The grains with radii 0.01-0.30
pm radiate a spectrum characteristic of thermal emis-
sion at the temperature 15-20 K for grains in the diffuse
interstellar medium (Draine 2001). This accounts for
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Figure 4. (a) 100 wm IRIS map of the far-infrared cavity
FIC05+28 centered at (a) RA (J2000) = 05754045, Dec
(J2000) = 28°52/38”. The contours and image size are shown.
The IRAS contours represent 21.5, 21.8, 22.1, 22.4, 22.7,
23.0,23.3 and 23.7 MJy sr—!. The symbol ‘+ represents the
position of the centre of KK-loop G182+00 (Kiss et al. 2004;
Koenyves et al. 2007). The dust color temperature contour
map (b) and distribution (c) are shown. The color bars (b)
and Gaussian fit (c) can be seen. The error bars represent
standard error (f10) of the distribution.

nearly all of the emission at A > 60 wm. Young et al.
(1993) estimated the values of grain emissivity and
weighted grain size at 100 wm by interpolating the
data tabulated by Draine (1987). Therefore we adopted
Young et al. (1993) and used the following values:
weighted grain size (@) = 0.1 wm, grain density (p) =
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Figure 5. (a) The variation of visual extinction (Ay) with
dust color temperature (7y) in the cavity FIC05+28. The best
fitequation is given. The distribution of Planck function along
the major (b) and minor diameters (c) of the cavity. The
positions A — B and C — D represent north—south and
east—west directions in the cavity. The Planck function shows
sinusoidal like distribution, related to the grain temperature.
The sinusoidal equation and regression coefficient (R) are
shown. The error bars represent standard error (+10) of the
distribution.

3000 kg m3, grain emissivity (Q,) = 0.0010 (for
100 wm) (Young et al. 1993). For 100 pm wavelength,
the expression for the dust mass (3) reduces to

F, D? ]

B(L, T) (3)

Mguse = 0.40 [

The Planck function B(A, T') was calculated using dust
color temperature of each pixels. We used the known
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Figure 6. (a) IRIS 100 pm map of the far-infrared cavity
FIC06—05 centered at (a) RA (J2000) = 06"21™05° , Dec
(J2000) = —05°38'31”. The contours and image size are
shown. The IRAS contours represent 12.7, 12.9, 13.1, 13.2,
13.4, 13.6, 13.7 and 13.9 MJy sr—!. The symbol ‘+ repre-
sents the position of the centre of KK-loop G212—11 (Kiss
et al. 2004; Koenyves et al. 2007). The dust color temper-
ature contour map (b) and distribution (c) are shown. The
color bars (b) and Gaussian fit (¢) can be seen. The error bars
represent standard error (£10) of the distribution.

distance (D) to calculate dust mass of the cavity. Optical
depth for 100 wm wavelength (Wood et al. 1994) is
given by

N F,,(100pm) @
1997 B, (100um., Ty)
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Figure 7. (a) The variation of visual extinction (Ay) with
dust color temperature (7y) in the cavity FIC06—05. The best
fit equation is shown (error in parentis). The distribution of
Planck function along the major (b) and minor diameter (c)
of the cavity. The positions A — B and C — D repre-
sent north—south and east—west directions in the cavity. The
Planck function distribution shows sinusoidal nature, related
to the grain temperature. The sinusoidal equations (b,c) and
regression coefficients (R) are shown. The error bars repre-
sent standard error (+10) of the distribution.

An empirical formula between visual extinction and
optical depth at 100 pm, given by Wood et al. (1994) is
given by

Ay = 15.078 (1 _e%> )

Using the values of flux densities and Planck functions
of each pixels, we can calculate visual extinction (Ay)
of each pixel of the cavity.
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Figure 8. (a) 100 wm IRIS map of the far-infrared cav-
ity FIC06—01 centered at (a) RA (J2000) = 06517545,
Dec (J2000) = —01°35’43”. The contours and image size are
shown. The IRAS contours represent 16.7, 17.1, 17.4, 17.8,
18.1, 18.5, 18.8 and 19.2 MJy sr—!. The symbol ‘+ repre-
sents the position of the centre of KK-loop G214—01 (Kiss
et al. 2004; Koenyves et al. 2007). The dust color temper-
ature contour map (b) and distribution (c) are shown. The
color bars (b) and Gaussian fit (¢) can be seen. The error bars
represent standard error (£10) of the distribution.

4. Results and discussion

We describe the physical properties of four FIR cavity
candidates and compare it with the published works.
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Figure 9. (a) Visual extinction (Ay ) versus dust color tem-
perature (7y) in the cavity FIC06—01. The distribution of
Planck function along the major (b) and minor diameter (c)
of the cavity. The positions A — B and C — D repre-
sent north—south and east-west directions in the cavity. The
Planck function distribution shows sinusoidal like function,
related to the grain temperature distribution. The sinusoidal
equations (b,c) and regression coefficients (R) are shown. The
error bars represent standard error (£10) of the distribution.

4.1 FICOI1+55

Figure 2a shows the cavity FICO1+55 at 100 pwm IRIS
map. Using Equation (1), the dust color temperature
(Ty) is calculated and found to lie in the range 19.1 &
1.2 K to 20.1 & 1.3 K. In the dust color temperature
map (Figure 2b), the central region shows north—south
elongation representing region of temperature minima.
The lower temperature region is found to be massive
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than that of the higher temperature region. Using Equa-
tion (3), dust mass of the region is calculated. It is about
0.0038Mg.

Figure 2c shows dust color temperature distribution
in the cavity. This distribution is found to be devi-
ated from the Gaussian. A positive skewness and a
significant dip at ~ 19.7K suggest the influence of
external sources (nearby AGB?) in the cavity forma-
tion. Interestingly, a very good correlation between the
visual extinction (Ay ) and the dust color temperature is
noticed (Figure 3a). A linear relationship between the
visual extinction and dust color temperature is found.
Figure 3b and c show the variation of Planck func-
tion along the major and minor diameters of the cavity
passing through flux minima at 100 wm. The Planck
function is found to be non-uniform along the diam-
eters. Interestingly, a very good agreement is noticed
when fitting sinusoidal distribution. This oscillation is
probably related to the grain temperature distribution.

4.2 FIC05+28

A cone-shaped structure with a well defined minima at
northern part of the cavity can be seen in Figure 4a.
In dust color map (Figure 4b) a good agreement can
be seen: lower the dust color temperature higher the
dust mass. The dust color temperature distribution (Fig-
ure 4c) do not agree with Gaussian fit, indicating a
disturbance due to external cause (AGB wind?). A very
good linear relationship between the dust color temper-
ature and visual extinction is noticed (Figure 5a).

Similar to the cavity FICO1+55, the distribution of
Planck function along the major and minor diameters
in the cavity FIC05+28 is found to be sinusoidal (Fig-
ure 5b, ¢).

4.3 FIC06—05

An oval-shaped north—south elongated FIR cavity with
a well defined flux minima at the central region is found
nearby AGB star AGB06—05 (Figure 6a). Similar to the
previous two cavities, low temperature region is found
to be massive (Figure 6b). A good agreement with Gaus-
sian distribution is noticed in the dust color temperature
distribution (Figure 6c¢), advocating a stable and self-
evolving FIR cavity. This nature is supported by the Ty
versus Ay plot (Figure 7a).

In the Planck function distributions along the diam-
eters, a continuous decrease and then increase can be
seen (Figure 7c, d). A very good agreement is noticed
when fitting sinusoidal distribution. This suggests the
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Table 2. Properties of four low-latitude (| [ |< 10°) far-infrared cavities.

Cavity Name Ty (K) M;(Mg) KK-loop1 Name Ty (K)

FICO1+55 19.1+1.2 0.00380 G128-03 422 4+3.1
FIC05+28 18.6 £ 1.1 0.02970 G182+00 38.6£2.6
FIC06—55 183+1.2 0.00033 G212—11 54.14+4.0
FIC06—01 205+1.3 0.05600 G214—01 46.7 + 3.8

The first column represents the name of the FIR cavities as in Table 1. The next two columns give dust color temperature
and dust mass of the cavity. Last two columns list the name of the KK-loops' and their dust color temperature. (': Kiss et al.

2004; Koenyves et al. 2007)

Table 3. The first column lists the name of the cavity. Values of offset (By), amplitude (A), phase shift (D) and period (w)
of sinusoidal Planck function distribution (equation 10) are given in 2-5 (along major diameter) and 7-10 columns (along

minor diameter), respectively.

FIC By A D, w R By A D, w R

FICO1+55 2.6 0.5 8.9 9.4 0.781 2.3 0.2 —-0.3 2.7 0.847
FIC05+28 2.0 0.4 3.9 57.6 0.489 2.1 0.3 14.8 15.4 0.849
FIC06—55 2.1 0.3 4.0 3.1 0.802 2.7 0.9 —4.4 3.8 0.287
FIC06—01 2.7 0.6 —8.5 51.7 0.888 3.9 20 766 65.0 0.918

The columns 6 and 11 show the values of coefficient of regression (R) for respective fittings.

existence of well defined and stable flux minima in the
cavity.

4.4 FIC06—-01

A cloud-like irregularly shaped cavity having a strong
minima nearly at the central region is seen in Figure 8a.
In the dust color map (Figure 8b), similar to the previous
three FIR cavities: lower temperature region is found to
be massive. A Gaussian-like Ty distribution with posi-
tive skewness (Figure 8c) suggest the effect of nearby
AGB wind.

A very good agreement between the dust color tem-
perature and visual extinction is noticed (Figure 9a). In
the Planck function distributions with diameters (Fig-
ure 9b,c), a decrease and then increase is noticed,
suggesting a sinusoidal nature. This distribution should
be related to the grain temperature distribution.

4.5 Discussion

The best fit lines between the 7; and Ay for FIR cav-
ities FICO1+55, FIC05+28, FIC06—05 and FIC06—01
(Figures 3a, 5a, 7a, 9a) are found to be

27 x 10°Ay +22.8
—1.1x 10°Ay +21.9

Ty
1y

(6)
(7

—1.8x 10°Ay +21.9
—1.8 x 10°Ay +22.7

®)
€))

respectively. Taking log and solving this, it is found the
product of dust color temperature and visual extinction
of these cavities give nearly a similar value (~ 107).
This value should be calculated for other KK-loops (Jha
et al. 2017; Jha and Aryal 2017) in the future.

We have used the data provided by Kiss ef al.
(2004) and Koenyves et al. (2007) to calculate the dust
color temperature of KK-loops. Our FIR cavities lies
at the core part of the KK-loops G128—03, G182+00,
G212—11 and G214—01. The dust color temperature of
the outer region of our cavities are found to be greater
than 38K (last column of Table 2). An offset of more
than 20K suggests that the loop is dynamically active:
the core part is much cooler than that of its surrounding
region. Since the observed distribution of Planck func-
tion is found to be fluctuating or non-uniform along
both major and minor diameters, we assume sinusoidal
distribution as

Ty
T, =

(10)

: D — D,
B\, T)=By+ Asin | m———
w

where By, A, D, and w represent offset, amplitude
(A >0), phase shift and period, respectively. In all 4
cavities, the values of By, A, D, and w for major and
minor diameters are given in Table 3.
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Figure 10. FIR spectral distributions of the cavity. A com-
parison with the far-infrared cavity GO07+08 and G143+07
(Jha et al. 2017) (a) and with MBM 20 “cirrus cloud” (posi-
tion no. 1 from Table 1, Weiland et al. 1986) and Skeleton
Nebula (Aryal and Weinberger 2006) can be seen (b). All
intensities were background subtracted and color-corrected
for 240 K blackbody emission. The spectra were rescaled by
dividing the intensities for the Skeleton Nebula and MBM 20
by 4.5 and 13.0, respectively.

Interestingly, the distribution of Planck function is
found to be sinusoidal along major and minor diameters
of the cavity (see Figures 3b, c, 5b, ¢, 7b, ¢ and 9b, c).
The amplitude and period of oscillation of dust/grain
is found to be maximum in the cavity FIC06—01. It
is minimum along the minor diameter of the cavity
FIC01+55. Distant cavity (FIC06—01) showed a large
value of phase shift in the oscillation. The offset in the
Planck function is almost constant in all cavities.
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Figure 10 shows the FIR spectral distributions of all
four cavities. In all cavities, a significant rise from 12
pm to 25 wm and then a fall from 25 pm to 60 wm is
noticed (Figure 10a). When comparing with the cavities
studied by Jha et al (2017a), a similar trend is noticed
(Figure 10a). We have compared FIR spectral distribu-
tion with skeleton nebula (Aryal and Weinberger 2006)
and MBM cloud (Weiland et al. 1986). A continuous
rise with different slope is noticed for these nebula. In
other words, four FIR cavities emit less radiation at 60
pm wavelengths than that of the nebula. This suggests
that the deficiency of materials (dust and grain) in the
cavity. These materials are expected to be swept away
from the cavity due to AGB wind.

5. Conclusions

We present physical properties of four cavities at far-
infrared (60 pwm and 100 pm) IRIS maps, located nearby
AGB stars. The dust color temperature, dust mass,
visual extinction and Planck function along the diame-
ters are studied. We conclude our results as follows:

1. The values of dust color temperature is found to
lie in the range 18.4 £ 1.2 to 26.2 £+ 1.7K. An
offset of ~ 20K is found when comparing with
the dust color temperature of core region and its
surroundings. The dust color maps compliments
the dust mass maps in all four FIR cavities. The
minimum temperature region is found to be elon-
gated along north—south direction at the 100 pm
flux maxima in all four FIR cavities.

2. A very good correlation is noticed between the
visual extinction and dust color temperature. It is
found that the rate of decrease of dust color tem-
perature with visual extinction is almost identical
(=2.2+0.5x 107 K/mag) in all four FIR cavities.
The product of dust color temperature and visual
extinction is found to lie in the range 0.2 to 8.0
(x1079).

3. A sinusoidal distribution of Planck function
along the major and minor diameters is noticed in
all cavities. This oscillation should be related to
the grain temperature distributions in the cavity.

4. In FIR spectral distribution, flux density is found
to be minimum at 60 pm in all four cavities than
25 pwm and 100 wm IRAS bands.

The superposition and possible interaction of these
loops with the AGB stars (or other sources?) will be
studied in the future. In addition, the amount of expelled
mass from the central region will be calculated in
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order to estimate the energy required for the structure
formation.
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ABSTRACT

This paper discusses the physical properties of the dusty environment around the AGB star located at R.A. (J2000) =06" 09™ 03* and
Dec (J2000) =14° 46’ 007, in the far infrared (60 and 100um) IRAS maps. A cavity like structure (major diameter ~ 35.04 pc & minor
diameter ~12.44 pc) is found to lie at R.A. (J2000)= 06" 09™ 55.9° and DEC (J2000) = 14° 46” 10.4”, located at a distance ~ 3.65 kpc
from the star. We studied the distribution of flux density, dust color temperature and dust mass in the cavity. The dust color temperature
is found to lie in the range 21.5 K to 23.2 K which shows the cavity is isolated and independently evolved. A possible explanation of

the results will be discussed.

Keywords : AGB Stars, Dust temperature, Dust mass, S-process, Excess mass.

1. INTRODUCTION

Asymptotic giant branch (AGB) stars are the final nuclear
burning stage of low- and intermediate-mass stars driven
by nuclear burning. This phase of evolution is characterized
by two nuclear burning shell of hydrogen and helium
where hydrogen burning shell lies below the convective
envelope and helium burning shell lies above the electron-
degenerate core of carbon and oxygen, or for the most
massive AGB stars a core of oxygen, neon, and magnesium
[1: 435]. The AGB phase is obtained by evolving low
and intermediate mass stars and limit of mass of stars are
defined by the development of electron degenerate core
after leaving the MS. In case of intermediate mass stars,
they ignite their He-cores under non-degenerate conditions
but in case of AGB phase, they are characterized by an
electron degenerate core of C and O.

Mass range of each class is determined by different burning
and mixing processes in the stars. In case of thermally
pulsating AGB phase low and intermediate mass stars
are able to form C-rich stars and produce heavy elements
through s-process. Similarly hot-bottom burning (HBB),
massive and AGB stars remain O-rich and only super AGB
stars are massive enough to ignite C [ 2: 822].

He-core burning phase is about 10 times shorter than the
H-core burning shell so that the He-core burning leaves
a C/O core behind that is surrounded by both a hydrogen
and helium burning shell. For low and intermediate mass
stars, carbon doesn’t ignite and C/O core contracts and
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becomes electron degenerate. During the early AGB
phase, the abundance of He in the centre goes to zero
where He-burning continues in a shell around a degenerate
C-O core. In the meantime, the H- layer around the helium
shell expands and cools sufficiently so that hydrogen
burning shell is extinguished. Convective envelope sets in
and moves inwards and second dredge-up takes place. He
shell is the main source for nuclear production so that it
burns outward and reaches the hydrogen shell. In case of
thermally pulsating AGB phase, helium shell becomes thin
and remains thermally unstable as a result thermal pulses
are produced. In each thermal pulse, luminosity of helium
shell nearly approaches 10°L [3: 515].The production of
such high luminosity in helium shell is called He shell flash
or thermal pulse which is used to expand the outer layers.
Such strong expansion drives the H shell cooler and less
dense as a result H shell is extinguished. The inner edge
of deep convective envelope can then move inward and
mix to the surface products of internal nucleosynthesis.
This mixing process which occurs periodically after each
TP is known as third dredge-up which is the mechanism
for producing carbon stars. During TP-AGB phase, main
dominant source of nuclear energy is the hydrogen shell.
Thermally pulsating AGB phase is the phase after the first
thermal pulse to the time when the star ejects its envelope.

In this paper, we study the physical properties of far
infrared cavity, that we investigated during a systematic
search on IRAS maps, located close to a carbon-rich AGB
star (AGB 06+14) at 15° latitude. In section 2, we describe
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methods of calculation. A brief description of the result
and discussion will be given in the section 3. Finally, we
conclude our results in the section 4.

2. METHODS

We investigated a cavity-like structure in both 60 and 100
micron IRAS maps around a AGB star. We briefly describe
a method for calculation of dust color temperature and
dust mass of the dusty environment around carbon-rich
Asymptotic Giant Branch named AGB06+14.

IRAS 100 micron

Fig. 1. IRAS 100 pm far infrared image of the core region
of AGB 06+14 centered at R.A. (J2000) = 06"09™55.9%, Dec.
(J2000) = 14°46°10.4” (a). Contour map of the cavity where

major (AB), minor (CD) diameters (b).
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2.1. Dust Color Temperature Estimation

Dust color temperature was calculated by Schnee et al. [4:
442] from the IRAS 60 pm and 100 um flux densities. If
we know the ratio of flux densities at 60 pm and 100 um,
the temperature contribution due to dust can be calculated.
By using modified power law of spectral emissivity index,
dust color temperature 7, in each pixel of a far infrared
image can be obtained by assuming that the dust in a single
beam is isothermal and that the observed ratio of 60 um to
100 pm emission is due to black body radiation from dust
grains at T . The flux density of emission at a wavelength
A, is given by

2k
i )
3| ary,
Al e

Ny o AP Q; (1)

-1

where B is the spectral emissivity index, N is the column
density of dust grains, o is a constant i.e. free parameter
which relates the flux with the optical depth of the dust,
and €. is the solid angle subtended at A, by the detector. In
Dupac et al. [5: L11], we have

-1
i o+ wly )
which is used to describe the observed inverse relationship
between temperature and emissivity spectral index. With
the assumptions that the dust emission is optically thin
at 60 um and 100 um and that Qo Q100 (true for IRAS
image), we can write the ratio, R, of the flux densities at 60
pm and 100 um as

144

e/ —1
R=0.60P —— 3
e /T |

The spectral emissivity index () depends on dust grain
properties like composition, size, and compactness. For a
pure blackbody would have B = 0, the amorphous layer-
lattice matter has B ~ 1, and the metals and crystalline
dielectrics have B ~ 2 which isused in our calculations.

For a smaller value of T, 1 can be dropped from both
numerator and denominator of Eq. (3) and it takes the form



A. Gautam and B. Aryal

144
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R ==0.60C" (4)
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Taking natural logarithm on both sides of Eq. (4) and
solving it, we find the expression for the temperature as

-96
Ta=In(R 0,669 ®)
where R is given by
F(60um)
= _ 6
R = F(100um) ©)

F(60 um) and F(100 pm) are the flux densities in 60 pm
and 100 um respectively and Eq. (5) can be used for
calculation of the dust grain temperature.

2.2. Dust Mass Estimation

Dust mass is another important physical quantity which
is useful to analysis the cavity structure. Dust masses are
estimated from the infrared background corrected flux
densities at 100 um image. The distance of the structure was
provided in catalog of far infrared loops in the galaxy [6:
1227]. We are calculating dust mass following the analysis
of [7: L23]. The infrared flux density can be measured
from IRAS Sky View virtual images and the images from
the Groningen using ALADIN2.5. The resulting dust mass
depends on the physical and chemical properties of the
dust grains, the adopted dust color temperature and the
distance to the object. The final expression for the dust
mass can be written as:

S,D2
B(v, T)

4ap

Mdust = 3Q
M

()

where, a = weighted grain size, p = grain density, Q, =
grain emissivity, S = flux density measured from the
image (IRAS 100 pm image), D = distance of the structure.
The Planck’s function B(v, 7), which is the function of the
temperature and the frequency and given by the expression:

2he
hv
et —1

2hv3

B(v.T)= " (®)

where, h = Planck’s constant, ¢ = velocity of light, v
= frequency at which the emission is observed, T = the
average temperature of the region. The values of various
parameters we use in the calculation of the dust mass in our
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region of interest are as follows: a = 0.1 um [8: 725], p =
1000 Kg m=[ 8: 725], Qv=0.0010 for 100 pm and 0.0046
for 60 pm respectively [8: 725].

Using these values the expression (7) takes the form:

D] ©)

Mdyst=0.4 |:B(v, )

We use equation (9) to calculate dust mass of the cavity.
3. RESULT AND DISCUSSION

3.1 Structure: Contour Maps

While going through the systematic search on IRAS maps,
we discovered an isolated cavity in the 100 pm and 60 pm
at R.A. (J2000) = 06" 09™ 55.9° and Dec. (J2000) = 14° 46’
10.4”. With the help of the software ALADIN2.5, we have
studied physical properties (size, dust color temperature,
dust mass, etc) of the cavity. We selected contour level in
such a way that it circles the cavity. The major axis, minor
axis and line passing through minimum temperature and
minimum flux are shown in the fig.1(b).

3.2 Distribution of Flux Density

By using ALADIN 2.5 software, the values of flux densities
at 60um and 100um have measured. The flux density
distribution within the contour of the region of interest
has studied. We plotted a graph between flux at 100pm
and 60um with the help of ORIGIN 5.0 which is shown
in fig.2(a). From the linear fit, slope of the line was 0.29.
The linear equation of the fitted line is, y = -3.56+0.29x.
Using the slope of best fitted plot, dust color temperature
is calculated as 25.3 K.

Equati(;n y=a ¥ b*x : I
= ™ u
6.0 |Adj. R-Sq 05156 - ;o
_ Value Standard | W a : u a .1‘
B Interce -355 0.57299 [} L]
B Slope 0.288 0.01937 n F1]
55 E
Y50}
’
45 | -
40} -
1 ] i ] 1
27 28 29 30 31
F(100))
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Fig.2(a): The 100pm verses 60pm flux density in the region
of interest and 2(b) Contour map at 100pm flux density
where the AGB star is located at the center R.A.
(J2000) = 06"09™55.9¢, Dec. (J2000) = 14°46°10.4.”

Again distribution of flux at 100um of the pixels within the
contour level with right ascension (R.A.) and declination
(Dec.) are plotted by using ORIGIN 8.0 and the graph is
shown in fig.2(b). Graph shows that all the fluxes from
minimum to maximum lie within the contour level. Most
of the maximum flux regions lie at the boundary.

2.3. Dust color Temperature and its Variation

Using the method of [4: 442], we calculated dust color
temperature of each pixel inner the outer isocontour in the
region of interest. We use the IRAS 100 um and 60 um
FITS images downloaded from the IRAS server [1]. For
the calculation of temperature we choose the value of § =
2 following the explanation given by [5: L11]. Variation
of temperature with corresponding R.A.(J2000) and Dec.
(J2000) are plotted by using ORIGIN 8.0 and the graph
is shown in figure 3(a). Graph shows that temperature
distributions are in separate cluster but minimum
temperature region is little bit shifted from minimum flux
density which is unusual behaviour. Such type of nature is
obtained due to external factors.
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Fig. 3: Dust color temperature (a) and dust mass (b) contour
maps. The field is centered at R.A. (J2000)= 06" 09™ 55.9° and
Dec. (J2000) = 14° 46’ 10.4”. The contour levels are shown.

The region in which minimum and maximum temperature
is found in the range of 21.5K to 23.2K with an offset
temperature of dust 1.7K. Such a low offset temperature
variation shows that there is symmetric outflow or
symmetric distribution of density and temperature. It
further suggests that our structure is not independently
evolved or the role of discrete point sources in the field of
cavity is important for the structure destruction mechanism.
The cavity may be in thermally pulsating phase. The dust
temperature less than 20 K represents the interstellar cirrus
cloud. Thus our far infrared dust structure (i.e. cavity)
is not a cirrus cloud. Another region of cloud fulfills the
criteria of Cirrus clod. When this result is compared with
the result obtained in [9: 5] where temperature variation
is 20K to 22K so our result is also comparable with that
result.

2.4. Size of the Structure

Major and minor diameter of the structure can be easily
calculated by using a simple expression i.e., L = R x 0,
where R = 3.65 kpc is the distance of the structure and 6
= pixel size (in radian). After calculation the major and
minor diameter of the cavity region are found to be 35.04
pc and 12.44 pc respectively. Thus, the size of the structure
is 35.04 pc x 12.43 pc .

2.5. Dust Mass Estimation and its variation

For the calculation of dust mass, we need the distance to
the region of interest. The distance of the structure is 3.65
kpe [10: 1227]. By using the temperature of each pixel
and corresponding distance of the structure, we calculated
mass of each pixel. Average mass of each pixel is 1.3x10%
kg and total mass of the structure is 2.8 x 10* kg i.e
0.014M_ . But mass of dust obtained around white dwarf
WD 1003-44 in [9: 5] is 0.08 M. It means mass of dust
around AGB Star is less than White Dwarf.
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Distribution of dust mass of the pixels within the selected
contour level with R.A. (J2000) and Dec.(J2000) are
plotted in contour map by using ORIGIN 8.0. Graph
obtained is shown in fig.3(b) which shows that minimum
mass region lie at the maximum temperature region in the
selected contour which is the general trend.

2.6. Calculation of Excess Mass

For the calculation of excess mass, we have drawn two
circles i.e. inner and outer circle with the help of software
Aladin V8.0. Circle through major diameter is supposed
as outer circle and the circle through minor diameter is
supposed as inner diameter of the interested region. With
the help of those circles we have calculated excess mass.

AGB 06+14

1.09X1.0°

Figure 4: The inner and outer circle drawn in the structure
at the center R..A.(J2000)= 06" 09™ 55.9* and Dec. (J2000)=
14° 46’ 10.4” for calculation of excess mass.

From the calculation total mass of the inner circle was
found to be 7.4 x 10% kg and the total mass of outer circle
including inner circle was 5.4 x 10°° kg . So the mass deficit
in the inner pixel which was blown away by the AGB star
is4.7x 10 kgie. 1.6 M.

4. CONCLUSION
The physical properties of the cavity-like structure that
we investigated while searching a effect of AGB wind
around carbon-rich AGB stars. A study of flux density
and dust color temperature maps dust color temperature,
mass of dust, mass deficit of the cavity was calculated. Our
conclusions are as follows:

* The major and minor diameter of the cavity like
structure was found to be 35.04 pc and 12.44 pc
respectively.

* The maximum temperature 23.2K was found at
R.A.(J2000) = 92.43° & Dec.(J2000) = 15.08° and
minimum temperature 21.5K was found at R.A.(J2000)
= 92.43° & Dec.(J2000) = 15.08° with offset of 1.7K.
The small value of dust color temperature in the cavity
suggests a continuous process by which cavity is
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supposed to be formed. Low offset in the temperature
hints that there is symmetric outflow or symmetric
distribution of density and temperature.

* In general, minimum flux and minimum temperature
lie at same point in the pixel but in this case minimum
temperature is shifted which may be due to external
factors, possibly wind emitted from the AGB star.
Similarly maximum temperature and minimum mass
region lie at same region which is normal behavior.

* The total mass of the inner circled cavity was 7.4 x
10¥Kg and that of the outer circle including inner circle
was 5.4 x 10* kg . The mass deficit of the structure was
4.7x10°kg ie. 1.6 M .

We intend to study the role of cabon-rich AGB star to form

the far-infrared cavity in the future.
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ABSTRACT

In this paper, we discuss about the physical properties of the dusty environment around the mass losing AGB star located
at R.A. (J2000) = 09" 39™ 07* and Dec (J2000) = -52° 49’ 00”, in the far infrared IRAS maps. A cavity like structure (major
diameter ~ 1.55 pc & minor diameter ~0.61 pc) is found to lie at R.A. (J2000)= 09" 40™ 50,63% and DEC (J2000) = -52° 48’
327, located at a distance ~ 265 pc from the star. We studied the distribution of flux density, dust color temperature, dust
mass and outflow mass in the cavity. The dust color temperature is found to lie in the range 22.3K to 22.6 K which shows
the cavity is isolated and independently evolved. Such a low offset temperature variation shows that there is symmetric
outflow. The cavity may be in thermally pulsating phase. A possible explanation of the results will be discussed.

Keywords: AGB Stars, dust temperature, dust mass, s-process, excess mass

1. INTRODUCTION

Asymptotic giant branch (AGB) stars are the final nuclear
burning stage of low- and intermediate-mass stars driven
by nuclear burning. This phase of evolution is characterized
by two nuclear burning shell of hydrogen and helium where
hydrogen burning shell lies below the convective envelope
and helium burning shell lies above the electron-degenerate
core of carbon and oxygen, or for the most massive AGB
stars a core of oxygen, neon, and magnesium (Herwig
2005). This AGB stage is characterized by low surface
effective temperatures (below 3000K) and intense mass
loss (from1077 to 10* M yr') (Seiss et al.2006). When
the gas temperature drops to the sublimation temperature
range, heavy elements in the mass outflow from a central
star will condense to form dust. Dusty circumstellar
envelopes will format the distance of several stellar radii
.Dust grains in the envelopes absorb stellar radiation and
re-emit infrared radiation so AGB stars are important
infrared sources . The mass loss process plays an important
role in the evolution of AGB stars. It affects the lifetime of
the AGB phase and the core-mass of the subsequent post-
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AGB stars. Statistics of a large sample of AGB stars would
help to constrain the evolution of dust envelope. There are
two main types of AGB stars: the O-rich with C/O <1 and
mainly silicate-type grains in the outflow, and C-rich with
C/0O > 1 and mainly carbonaceous grains in the envelopes.
Due to different dust compositions of these two types of
AGB stars, different infrared spectral features are obtained
which can be used to distinguish the two groups of the
stellar objects.

He-core burning phase is about 10 times shorter than the
H-core burning shell so that the He-core burning leaves
a C/O core behind that is surrounded by both a hydrogen
and helium burning shell. For low and intermediate mass
stars, carbon doesn’t ignite and C/O core contracts and
becomes electron degenerate. During the early AGB
phase, the abundance of He in the centre goes to zero
where He-burning continues in a shell around a degenerate
C-O core. In the meantime, the H- layer around the helium
shell expands and cools sufficiently so that hydrogen
burning shell is extinguished. Convective envelope sets
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in and moves inwards and second dredge-up takes place.
He shell is the main source for nuclear production so that
it burns outward and reaches the hydrogen shell. In case
of thermally pulsating AGB phase, helium shell becomes
thin and remains thermally unstable as a result thermal
pulses are produced. In each thermal pulse, luminosity
of helium shell nearly approaches 10°L , (Karakas 2002).
The production of such high luminosity in helium shell
is called He shell flash or thermal pulse which is used
to expand the outer layers. Such strong expansion drives
the H shell cooler and less dense as a result H shell is
extinguished. The inner edge of deep convective envelope
can then move inward and mix to the surface products
of internal nucleosynthesis. This mixing process which
occurs periodically after each TP is known as third dredge-
up which is the mechanism for producing carbon stars.
During TP-AGB phase, main dominant source of nuclear
energy is the hydrogen shell. Thermally pulsating AGB
phase is the phase after the first thermal pulse to the time
when the star ejects its envelope.

In this paper, we study the physical properties of far
infrared cavity, that we investigated during a systematic
search on IRAS maps, located close to a carbon-rich
AGB star (AGB 09-52) at -52.8° latitude. In section 2, we
describe methods of calculation. A brief description of the
result and discussion will be given in the section 3. Finally,
we conclude our results in the section 4.

2. METHODS

We investigated a cavity-like structure in both 60 and 100
micron IRAS maps around a AGB star. We briefly describe
a method for calculation of dust color temperature and
dust mass of the dusty environment around carbon-rich
Asymptotic Giant Branch named AGB09-52.

..

Fig. 1. (a) IRAS 100 pm and 60 pm far infrared image of
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the core region of AGB 09-52 centered at R.A. (J2000) = 09"
40m50.63%, Dec. (J2000) =-52°48>32” and (b) Contour map
of the cavity where major diameter (AB), minor diameter
(CD) and diameter between minimum flux & minimum
temperature.

2.1. Dust Color Temperature Estimation

Schnee et al.(Schnee et al. 2005) calculated dust color
temperature by using the IRAS 60 pm and 100 um flux
densities. From modified power law of spectral emissivity
index, the flux density of emission at a wavelength A, is
given by

2hc

hc
/lf[el’m ] -1

where B is the spectral emissivity index, N is the column
density of dust grains, o is a constant i.e. free parameter
which relates the flux with the optical depth of the dust,
and €, is the solid angle subtended at A, by the detector. In
Dupac et al. 2003, there is an inverse relationship between
temperature and emissivity spectral index. we have

Nd(X )»;-BQI'

(D)

With the assumptions that the dust emission is optically
thin at 60 pm and 100 pm and that Qm Q100 (true for IRAS
image), we can write the ratio, R, of the flux densities at 60
pm and 100 um as

R=0.6 P . (3)

24OT
e’ -1

The spectral emissivity index () depends on dust grain
properties like composition, size, and compactness. For a
pure blackbody would have = 0, the amorphous layer-
lattice matter has B ~ 1, and the metals and crystalline
dielectrics have § ~ 2 which is used in our calculations.

For a smaller value of T, 1 can be dropped from both
numerator and denominator of Eq. (3) and it takes the form

144
R==060C" £ % @
: 24%_
e d
F(60
where ,R = F(60um)

F(100pum)
Taking natural logarithm on both sides of Eq. (4) and
solving it, we find the expression for the temperature as
In(R)=In 0.6"%*P [144/T -240/T ]

=1n 0.6 CP[-96/T ]
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T =R % 0.6°7)

. (5
F(60 um) and F(100 pm) are the flux densities in 60 pm
and 100 um respectively and Eq. (5) can be used for
calculation of the dust grain temperature.

2.2. Dust Mass Estimation

Dust mass is another important dust property which is
useful to analysis the cavity structure. To calculate dust
mass, we need the known distance of the loops which
was provided in catalog of far infrared loops in the galaxy
(Konyves et al. 2007).

For the calculation of dust mass, we first obtained the value
of flux density (S ) at 100 pm maps.

The dust mass is estimated using (Hildebrand 1983),

4ap

S.D?
Mdust = 3Q,

B(v, T)

(7)

where, weighted grain size (a) = 0.1 um, grain density (p)
=3000 kg m?, grain emissivity (Q,) = 0.0010 (for 100 pm)
(Young et al. 1993).

The Planck’s function B(v, 7), which is the function of
temperature and frequency and is given by the expression:

2hc 1
BVD = 75 | The - (8)
ehr 1

where, h = Planck’s constant, ¢ = velocity of light, v
= frequency at which the emission is observed, T = the
average temperature of the region.

For 100 pum wavelength, the expression for the dust mass
(8) reduces to,

M, . =0.4 S,D°
dust V- B(V, T)

We use equation (9) to calculate dust mass of the cavity

(9

3. Result and Discussion

3.1 Structure: Contour Maps

While going through the systematic search on IRAS maps,
we discovered an isolated cavity in the 100 um and 60 pm
atR.A. (J2000) = 09" 40™ 50.63% and Dec. (J2000) =-52°48’
32”. With the help of the software ALADIN2.5, we have
studied physical properties (size, dust color temperature,
dust mass, etc) of the cavity. We selected contour level in
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such a way that it circles the cavity. The major axis, minor
axis and line passing through minimum temperature and
minimum flux are shown in the fig.1(b).

3.2 Distribution of Flux Density

By using ALADIN 2.5 software, the values of flux
densities at 60um and 100pum have measured. The flux
density distribution within the contour of the region of
interest has studied. We plotted a graph between flux at
100pum and 60pum with the help of ORIGIN 5.0 which is
shown in fig.2(a). From the linear fit, slope of the line was
0.29. The linear equation of the fitted line is, y=-1.1+0.2x.
Using the slope of best fitted plot, dust color temperature is
found as 23 K which is nearly similar with our calculated
value.

Equaton  y=a+b*
1.2 Adj. R-Squar  0.74169 b
Value  Standard Err

11.0 B Intercept -1.1042 0.73503
~ 8. Slope 0.19753 0.01262 7

10.8 [~

10.6 -

F(60)

10.4 -

102 -

10.0 |-

98 s 1 s 1 s 1 s 1
56

-52.90 |-

-52.85 |- [/

Dec.(J2000)

-52.80 |- N

-52.75 |- -

L 1 1
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R.A.(J2000)

1
145.4 145.1

Fig.2(a) The 100pm verses 60pm flux density in the region of
interest and 2(b) Contour map at 100pm flux density where
the AGB star is located at the center R.A. (J2000) = 09" 40™

50.63¢, Dec. (J2000) = -52°48° 32”.

Again distribution of flux at 100um of the pixels within the
contour level with right ascension (R.A.) and declination
(Dec.) are plotted by using ORIGIN 8.0 and the graph is
shown in fig.2(b). Graph shows that all the fluxes from
minimum to maximum lie within the contour level. Most
of the maximum flux regions lie at the boundary.



A Study of Dusty Environment at Far Infrared Iras Map Around the Mass-Losing Carbon-Rich AGB Star at Latitude -53"

2.3. Dust color Temperature and its Variation

Using the method of Schnee at. al.(2005), we calculated
dust color temperature of each pixel inner the outer
isocontour in the region of interest. We use the IRAS 100
pm and 60 um FITS images downloaded from the IRAS
server . For the calculation of temperature we choose the
value of p = 2 following the explanation given by (Dupac
at.al. 2003). Variation of temperature with corresponding
R.A.(J2000) and Dec.(J2000) are plotted by using
ORIGIN 8.0 and the graph is shown in figure 3(a). Graph
shows that temperature distributions are in separate cluster
but minimum temperature region is little bit shifted from
minimum flux density which is unusual behaviour. Such
type of nature is obtained due to external factors.

Dec.(J2000) 3

o
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[S)

(a)

R.A.(J2000) 145.35
T T

30 -

20
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T

Gaussian center = 22.45K
1 1
224 225

T,(K)

o humber

22].3 226 227
Fig. 3: (a) Contour map of dust color temperature and (b)
Gaussian fit between dust color temperature and number
of pixels. The field is centered at R.A.(J2000)=09" 40™ 50.63°

and Dec.(J2000)=-52° 48> 32”.

The region in which minimum and maximum temperature
is found in the range of 22.3K to 22.6K with an offset
temperature of dust 0.3K. Such a low offset temperature
variation shows that there is symmetric outflow or
symmetric distribution of density and temperature. It
further suggests that particles are independently vibrating.
The cavity may be in thermally pulsating phase. When this
result is compared with the result obtained in (Aryal et al.
20011) where temperature variation is 20K to 22K so our
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result is also comparable with that result. In the contour
map, minimum flux and minimum temperature region
are shifted which is due to some external factors possibly
due to AGB wind. There is good agreement in case of
temperature in the Gaussian fit with offset 1.21 K.

2.4. Size of the Structure

Major and minor diameter of the structure can be easily
calculated by using a simple expression i.e., L = R x 0,
where R = 265 pc is the distance of the structure and 6
= pixel size (in radian). After calculation the major and
minor diameter of the cavity region are found to be 1.55 pc
and 0.61 pc respectively. Thus, the size of the structure is
1.55 pc x 0.61 pc .

2.5. Dust Mass Estimation and its variation

For the calculation of dust mass, we need the distance
to the region of interest. The distance of the structure is
265 pc (Konyves et al. 2007). By using the temperature
of each pixel and corresponding distance of the structure,
we calculated mass of each pixel. Average mass of each
pixel is 1.3x10 kg and total mass of the structure is 1.1
x 10** kg i.e 0.0055M . But mass of dust obtained around
white dwarf WD 1003-44 in (Aryal et al. 2011) is 0.08M .
It means mass of dust around AGB Star is less than White
Dwarf.

1.299E26 -vI!mze m
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N
o
2
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Dec.(J2000)
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o
s}
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» humber
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) I % Gaussian areal=2A4x1025kg

1.20E+026 Md(kg) 1.26E+026
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Fig.4: (a) contour map of dust mass and (b)Gaussian fit
between mass and number of pixels. The field is centered at
R.A.(J2000)= 09" 40™ 50.63* and Dec. (J2000) = -52° 48> 32”.

Distribution of dust mass of the pixels within the selected
contour level with R.A. (J2000) and Dec.(J2000) are
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plotted in contour map by using ORIGIN 8.0. Graph
obtained is shown in fig.4(a) which shows that minimum
mass region didn’t lie at the maximum temperature region
in the selected contour which is unusual trend and is
possibly due to AGB wind. There is no good agreement in
case of dust mass where offset mass is 4.56 kg.

2.6. Calculation of Excess Mass

For the calculation of excess mass, we have drawn two
circles i.e. inner and outer circle with the help of software
Aladin V8.0. Circle through major diameter is supposed
as outer circle and the circle through minor diameter is
supposed as inner diameter of the interested region. With
the help of those circles we have calculated excess mass.

e

AGB 09-52

-

| . b

Figure 4: The inner and outer circle drawn in the structure
at the center R..A.(J2000)= 09" 40™ 50.63° and Dec. (J2000)=
-52° 48’ 32” for calculation of excess mass.

From the calculation total mass of the inner circle was
found to be 4.4 x 10* kg and the total mass of outer circle
including inner circle was 1.8 x 10® kg . So the mass deficit
in the inner pixel which was blown away by the AGB star
is 1.36 x 10% kg i.e. 0.007 M.

4. CONCLUSION

The physical properties of the cavity-like structure that we

investigated while searching a effect of AGB wind around

carbon-rich AGB stars. A study of flux density and dust

color temperature maps mass of dust, mass deficit of the

cavity was calculated. Our conclusions are as follows:

e The major and minor diameter of the cavity like
structure was found to be 1.55 pc and 0.61 pc respectively.

e The maximum temperature 22.6K was found at
R.A.(J2000) = 145.12° & Dec.(J2000) = -52.90° and
minimum temperature 22.3K was found at R.A.(J2000)
= 145.36° & Dec.(J2000) = -52.92° with offset of 0.3
K. The small value of dust color temperature in the
cavity suggests a continuous process by which cavity
is supposed to be formed.

e In general, minimum flux and minimum temperature
lie at same point in the pixel but in this case minimum
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temperature is shifted which may be due to external
factors, possibly wind emitted from the AGB star.
Similarly maximum temperature and minimum mass
region didn’t lie at same region which isn’t normal
behavior.

e Total mass of inner circled cavity was 4.4 x 10” Kg
and that of the outer circle including inner circle was
1.8 x 10% kg . The mass deficit of the structure was
1.36 x 10* kg i.e. 0.007 M.

We intend to study the role of cabon-rich AGB star to form
the far-infrared cavity in the future.
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A STUDY OF DUSTY ENVIRONMENT AT FAR INFRARED IRASMAP AROUND THE MASS -LOSING
CARBON-RICH AGB STAR AT LATITUDE -59.6°

A.K. Gautam B. Aryal
Central Department of Physics, T.U., Kirtipur,Nepal.

Abstract

This paper discusses the physical properties of the dusty environment around the mass losing AGB star located at RA.
(J2000) =10h 25m 08s and Dec (J2000) =-590 33’ 007, in the far infrared (60 and 100um) IRAS maps. A cavity like structure
(major diameter ~ 2.3 pc & minor diameter ~0.21 pc) is found to lie at R.A. (J2000) = 10h 26m 54.73s and DEC (J2000) =
-590 18’ 22.5”, located at a distance ~ 305 pc from the star. By using contour map diagram, we studied the distribution of
flux density, dust color temperature, dust mass and outflow mass in the cavity. The dust color temperatureisfound to liein the
range 23.9 K to 25.1 K which shows the cavity is isolated and independently evolved. Such a low offset temperature variation
shows that the star isin thermal equilibrium and itslifeislong. Dust particles are lessinteracting and mean free path islarge.
The cavity may bein thermally pulsating phase. A possible explanation of the results will be discussed.

Key Words: AGB Stars, Dust Color Temperature, Dust Mass and Excess Mass.

Introduction

The evolution of star that follows core helium burning depends strongly on the stellar mass. The mass determines how high
the central temperature and the degree of degeneracy when heavier nuclear fuels are ignited. When the central helium supply
is exhausted, helium will continue to burn in a shell, while the hydrogen burning shell is extinguished. In the HR diagram the
star will move towards lower effective temperature and higher luminosity. This phase is quite similar to the red giant phase of
low-mass stars, athough the temperatures are slightly hotter. For this reason it is known as the asymptotic giant branch, AGB.
Asymptotic giant branch (AGB) stars are the final nuclear burning stage of low- and intermediate-mass stars driven by nuclear
burning. This phase of evolution is characterized by two nuclear burning shells of hydrogen and helium where hydrogen burns
shell lies below the convective envelope and helium burning shell lies above the electron-degenerate core of carbon and
oxygen, or for the most massive AGB stars a core of oxygen, neon, and magnesium [1: 435]. This AGB stage is characterized
by low surface effective temperatures (below 3000K) and intense mass loss (from10-7 to 10-4 MRyr-1) [2: 822]. When the
gas temperature drops to the sublimation temperature range, heavy elements in the mass outflow from a central star will
condense to form dust. Dusty circumstellar envelopes will format the distance of severa stellar radii .Dust grains in the
envelopes absorb stellar radiation and re-emit infrared radiation so AGB stars are important infrared sources. The mass loss
process plays an important role in the evolution of AGB stars. It affects the lifetime of the AGB phase and the core-mass of
the subsequent post-AGB stars. Statistics of a large sample of AGB stars would help to constrain the evolution of dust
envelope. There are two main types of AGB stars: the O-rich with C/O < 1 and mainly silicate-type grainsin the outflow, and
C-rich with C/O > 1 and mainly carbonaceous grainsin the envelopes [1:435]. Due to different dust compositions of these two
types of AGB stars, different infrared spectral features are obtained which can be used to distinguish the two groups of the
stellar objects. Most of the carbon compounds such as aromatic hydrocarbon, benzene, methane, etc. are responsible for
biological life so carbon- rich AGB stars are preferred in our research work.

He-core burning phase is about 10 times shorter than the H-core burning shell so that the He-core burning leaves a C/O core
behind that is surrounded by both a hydrogen and helium burning shell. For low and intermediate mass stars, carbon doesn't
ignite and C/O core contracts and becomes electron degenerate. During the early AGB phase, the abundance of He in the
centre goes to zero where He-burning continues in a shell around a degenerate C-O core. In the meantime, the H- layer around
the helium shell expands and cools sufficiently so that hydrogen burning shell is extinguished. Convective envelope sets in
and moves inwards and second dredge-up takes place. He shell is the main source for nuclear production so that it burns
outward and reaches the hydrogen shell. In case of thermally pulsating AGB phase, helium shell becomes thin and remains
thermally unstable as aresult thermal pulses are produced. In each thermal pulse, luminosity of helium shell nearly approaches
108LE [3: 515].The production of such high luminosity in helium shell is called He shell flash or thermal pulse which is used
to expand the outer layers. Such strong expansion drives the H shell cooler and less dense as a result H shell is extinguished.
Theinner edge of deep convective envelope can then move inward and mix to the surface products of internal nucleosynthesis.
This mixing process which occurs periodically after each TP is known as third dredge-up which is the mechanism for
producing carbon stars. During TP-AGB phase, main dominant source of nuclear energy is the hydrogen shell. Thermally
pulsating AGB phase is the phase after the first thermal pulse to the time when the star gjects its envelope.
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In this paper, we study the physical properties of far infrared cavity, that we investigated during a systematic search on IRAS
maps, located close to a carbon-rich AGB star (AGB 09-52) at -52.80 latitude. In section 2, we describe methods of
calculation. A brief description of the result and discussion will be given in the section 3. Finally, we conclude our results in
the section 4.

M ethods

We investigated a cavity-like structure in both 60 and 100 micron IRAS maps around a AGB star. We briefly describe a
method for calculation of dust color temperature and dust mass of the dusty environment around carbon-rich Asymptotic Giant
Branch named AGB10-59.

Fig. 1. (@) IRAS 100 ym and 60 pm far infrared image of the core region of AGB 10-59 centered at R.A. (J2000) = 10h 26m
54.73s, Dec. (J2000) = -590 18’ 22.5” and (b) Contour map of the cavity where major diameter (AB), minor diameter (CD)
and diameter between minimum flux & minimum temperature.

Dust Color Temperature Estimation
Schnee et d. [4: 442] derived an expression to calculate dust color temperature. The flux density of emission at a wavelength
Ai is given by

2hc

hc
3| Al KT,
[7) ™ -1

Fi= L 1 Nd a Ai-B Qi (D)

where {3 is the spectral emissivity index, Nd is the column density of dust grains, a is a constant i.e. free parameter which
relates the flux with the optical depth of the dust, and Qi is the solid angle subtended at Ai by the detector. In Dupac et al. [5:
L11], thereisan inverse relationship between temperature and emissivity spectral index. we have

With the assumptions that the dust emission is optically thin at 60 um and 100 pm and that Qw ™ Q100 (true for IRAS
image), we can write the ratio, R, of the flux densities at 60 pim and 100 pm as

1
ez‘%d -1

240,
.

R=06-(3+f) € " e
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The spectral emissivity index (B) depends on dust grain properties like composition, size, and compactness. For a pure
blackbody would have B = 0, the amorphous layer-lattice matter has B ~ 1, and the metals and crystalline dielectrics have B ~
2 whichisused in our calculations.

For asmaller value of Td, 1 can be dropped from both numerator and denominator of Eq. (3) and it takes the form

144
e ﬁ—d
240
Td
R==0.6-(3+}) € / .. (4)
_F(60pm)
Where R =E100um)

Taking natural logarithm on both sides of Eq. (4) and solving it, we find the expression for the temperature as
In(R)=In 0.6—(3+f) [144/Td-240/Td]
=1n 0.6-(3+P)[-96/Td]
-96
Td =R = 0.6(3+p)] - (9)
F(60 pm) and F(100 um) are the flux densities in 60 pum and 100 um respectively and Eqg. (5) can be used for calculation of
the dust grain temperature.

Dust Mass Estimation
Dust mass is another important physical quantity which is useful to analysis the cavity structure. We need the known distance
of the loops to calculate its dust mass which was provided in catalog of far infrared loopsin the galaxy [6: 1227].
For the calculation of dust mass, we first obtained the value of flux density (Sv) at 100 ym maps.
The dust massis estimated using [7: 267],
4ar | SnD2
M=30n [B(n. T) ~(7)

where, weighted grain size (a) = 0.1 um, grain density (p) = 3000 kg m-3, grain emissivity (Qv) = 0.0010 (for 100 um) [8:
725].
The Planck’s function B(v, T), which is the function of temperature and frequency and is given by the expression:

B( 0 T)%[ — J (9
akT 1

Where, h = Planck’s constant, ¢ = velocity of light, v = frequency at which the emission is observed, T = the average
temperature of the region.
For 100 pm wavelength, the expression for the dust mass (8) reduces to,
SnD2
Mdust =0.4 [B(n, T)} .. (9)
We use equation (9) to calculate dust mass of the cavity

Result and Discussion

Structure: Contour M aps

While going through the systematic search on IRAS maps, we discovered an isolated cavity in the 100 um and 60 um at R.A.
(J2000) = 10h 26m 54.73s and Dec. (J2000) = -590 18’ 22.5”. With the help of the software ALADIN2.5, we have studied
physical properties (size, dust color temperature, dust mass, etc) of the cavity. We selected contour level in such a way that it
circlesthe cavity. The major axis, minor axis and line passing through minimum temperature and minimum flux are shown in
the fig.1(b).

Distribution of Flux Density

By using ALADIN 2.5 software, the values of flux densities at 60pum and 100um have measured. The flux density distribution
within the contour of the region of interest has studied. We plotted a graph between flux at 200um and 60um with the help of
ORIGIN 5.0 which is shown in fig.2(a). From the linear fit, slope of the line was 0.21. The linear equation of the fitted lineis,
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y=-7.5+0.21x. Using the slope of best fitted plot, dust color temperature is found as 23.3 K which is nearly similar with our
calculated value.
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Fig.2(a) The 100um verses 60um flux density in the region of interest and 2(b) Contour map at 100um flux density where the
AGB star islocated at the center R.A. (J2000) = 10h 26m 54.73s, Dec. (J2000) = -590 18' 22.5".

Again distribution of flux at 100um of the pixels within the contour level with right ascension (R.A.) and declination (Dec.)
are plotted by using ORIGIN 8.0 and the graph is shown in fig.2 (b). Graph shows that all the fluxes from minimum to
maximum lie within the contour level. Most of the maximum flux regions lie at the boundary.

Dust Color Temperature and ItsVariation

Using the method of [4: 442], we calculated dust color temperature of each pixel inner the outer isocontour in the region of
interest. We use the IRAS 100 pum and 60 um FITS images downloaded from the IRAS. For the calculation of temperature we
choose the value of f = 2 following the explanation given by [5: L11]. Variation of temperature with corresponding
R.A.(J2000) and Dec.(J2000) are plotted by using ORIGIN 8.0 and the graph is shown in figure 3(a). Graph shows that
temperature distributions are in separate cluster but minimum temperature region is little bit shifted from minimum flux
density which is unusual behaviour. Such type of natureis obtained due to external factors.
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Fig. 3: (a) Contour map of dust color temperature and (b) Gaussian fit between dust color temperature and number of pixels.
Thefieldiscentered a R.A.(J2000)= 10h 26m 54.73s and Dec. (J2000) = -590 18" 22.5”.

International Journal of Multidisciplinary Research Review, Vol.1, Issue-35, January-2018.  Page- 48



m [JMDRR
= Research Paper E- 1SS\ -2395-1885

Impact Factor: 4.164
Refereed Journal ISSN -2395-1877

The region in which minimum and maximum temperature is found in the range of 23.9 K to 25.1 K with an offset temperature
of dust 1.2 K. Such a low offset temperature variation shows that there is symmetric outflow or symmetric distribution of
density and temperature. When this result is compared with the result obtained in [9: 5] where temperature variation is 20K to
22K so our result is also comparable with that result. In the contour map, minimum flux and minimum temperature region are
shifted which is due to some external factors possibly due to AGB wind. There is good agreement in case of temperature in the
Gaussian fit with offset 0.4 K.

Size of the Structure
Major and minor diameter of the structure can be easily calculated by using asimple expressioni.e,, L = R x 8, where R = 305
pc is the distance of the structure and 6 = pixel size (in radian). After calculation the major and minor diameter of the cavity

region are found to be 2.3 pc and 0.21 pc respectively. Thus, the size of the structureis2.3 pc x 0.21 pc .

Dust Mass Estimation and itsvariation

For the calculation of dust mass, we need the distance to the region of interest. The distance of the structure is 305 pc [6:
1227]. By using the temperature of each pixel and corresponding distance of the structure, we calculated mass of each pixel.
Average mass of each pixel is 2.7x1026 kg and total mass of the structure is 4.4 x 1028 kg i.e 0.02M@E. But mass of dust
obtained around white dwarf WD 1003-44 in [9: 5] is 0.08ME. It means mass of dust around AGB Star is less than White

Dwarf.

42 — . . . . . . .
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Fig.4: (a) contour map of dust mass and (b) Gaussian fit between mass and number of pixels. The field is centered at
R.A.(J2000)= 10h 26m 54.73s and Dec. (J2000) = -590 18" 22.5".

Distribution of dust mass of the pixels within the selected contour level with R.A. (J2000) and Dec.(J2000) are plotted in
contour map by using ORIGIN 8.0. Graph obtained is shown in fig.4 (a) which shows that minimum mass region didn't lie at
the maximum temperature region in the selected contour which is unusual trend and is possibly due to AGB wind. Thereis no
good agreement in case of dust mass where offset massis-3.9 kg.

Calculation of Excess M ass
For the calculation of excess mass, we have drawn two circlesi.e. inner and outer circle with the help of software Aladin V8.0.

Circle through major diameter is supposed as outer circle and the circle through minor diameter is supposed as inner diameter
of the interested region. With the help of those circles we have calculated excess mass.

I AGB10-59
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Figure 5: The inner and outer circle drawn in the structure at the center R..A.(J2000)= 10h 26m 54.73s and Dec. (J2000)= -
590 18’ 22.5” for calculation of excess mass.

From the calculation total mass of the inner circle was found to be 9.7 x 1027 kg and the total mass of outer circle including
inner circle was 1.2 x 1029 kg . So the mass deficit in the inner pixel which was blown away by the AGB star is 1.1 x 1029 kg
i.e. 0.06 M.

Conclusion

The physical properties of the cavity-like structure that we investigated while searching around carbon-rich AGB stars. A
study of flux density and dust color temperature maps mass of dust; mass deficit of the cavity was calculated. Our conclusions
are asfollows:

1
2.

4.
5.

The major and minor diameter of the cavity like structure was found to be 1.55 pc and 0.61 pc respectively.

The maximum temperature 23.9 K was found at R.A.(J2000) = 145.120 & Dec.(J2000) = -59.070 and minimum
temperature 25.1 K was found at R.A.(J2000) = 145.360 & Dec.(J2000) = -59.470 with offset of 1.2 K.. Low offset in
the temperature hints that there is symmetric outflow or symmetric distribution of density and temperature.

In general, minimum flux and minimum temperature lie at same point in the pixel but in this case minimum
temperature is shifted which may be due to external factors, possibly wind emitted from the AGB star. Similarly
maximum temperature and minimum mass region didn't lie at same region which isn't normal behavior.

Average mass of dust in each pixel is2.7x1026 kg.

Total mass of inner circled cavity was 9.7 x 1027 kg and that of the outer circle including inner circle was 1.2 x 1029
kg . The mass deficit of the structure was 1.1 x 1029 kg i.e. 0.06 M.

We intend to study the role of cabon-rich AGB star to form the far-infrared cavity in the future.
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Interaction between C- Rich AGB Star and the Interstellar Medium in
Far Infrared Maps at 16" Latitude

A. K. Gautam and B. Aryal’

Abstract

This paper discusses the physical properties of the dusty environment around the
AGB star located at R.A. (J2000) =06" 31" 05° and Dec.(J2000) = 16" 06' 00" in the far
infrared (60 and 100um) IRAS maps. A cavity like structure (major diameter ~ 3.57 pc &
minor diameter ~1.19 pc) is found to lie at the center R.A.(J2000)= 06" 32" 38.12 and
Dec.(J2000)= 15 59" 47.9 " located at a distance ~ 310 pc (5) from the star. We studied
the flux density variation and the temperature variation about major diameter, minor
diameter and the distance between minimum temperature and minimum flux region within
the structure. Mass profile of each pixel of the structure was calculated by using these
temperature. We also calculated the speed of sound and wind velocity of the structure which
is required to estimate energy of the structure.
Key-words : AGB Star, interstellar medium, flux density, dust color temperature, mass of
dust, AGB wind speed

1. Introduction

AGB stars are low and intermediate mass stars driven by nuclear which happens
when the star leaves the main sequence through red giant and passed the horizontal branch .
AGB stars are the main distributors of dust into the interstellar medium due to their high
mass loss rates in combination with an effective dust condensation. It is therefore important
to understand the dust formation process and sequence in their extended atmosphere. The
interaction between wind and its surroundings in the interstellar medium (ISM) provides a
laboratory to study the behavior of dust particles. Actually Asymptotic giant branch (AGB)
stars are the final evolution stage of low- and intermediate-mass stars driven by nuclear
burning. This phase of evolution is characterized by nuclear burning of hydrogen and
helium in thin shells on top of the electron-degenerate core of carbon and oxygen, or for the
most massive AGB stars a core of oxygen, neon, and magnesium.(Herwig 2005)

He-core burning phase is about 10 times shorter than the H-core burning shell so
that the He-core burning leaves a C/O core behind that is surrounded by both a hydrogen
and helium burning shell. For low and intermediate mass stars, carbon doesn't ignite and
C/O core contracts and becomes electron degenerate. During the early AGB phase, the
abundance of He in the centre goes to zero where He-burning continues in a shell around a
degenerate C-O core. In the meantime, the H- layer around the helium shell expands and
cools sufficiently so that hydrogen burning shell is extinguished. Convective envelope sets
in and moves inwards and second dredge-up takes place. He shell is the main source for
nuclear production so that it burns outward and reaches the hydrogen shell. In case of
thermally pulsating AGB phase, helium shell becomes thin and remains thermally unstable
as a result thermal pulses are produced. In each thermal pulse, luminosity of helium shell
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nearly approaches 10°L® (Karakas et al. 2002).The production of such high luminosity in

helium shell is called He shell flash or thermal pulse which is used to expand the outer
layers. Such strong expansion drives the H shell cooler and less dense as a result H shell is
extinguished. The inner edge of deep convective envelope can then move inward and mix to
the surface products of internal nucleosynthesis. This mixing process which occurs
periodically after each TP is known as third dredge-up which is the mechanism for
producing carbon stars. During TP-AGB phase, main dominant source of nuclear energy is
the hydrogen shell. Thermally pulsating AGB phase is the phase after the first thermal pulse
to the time when the star ejects its envelope.

According to model calculations, thermal-pulse AGB evolution is strongly mass
dependent. For example dredge-up efficiency, the s process, C-star formation, or hot-bottom
burning are strongly correlated with specific initial mass ranges. Therefore different
evolutionary properties of AGB stars can be classified according to mass. Generally stars
are broadly distinguished by their initial masses as massive, intermediate, and low-mass

stars. Here low-mass stars may be designated to have M < 1.8 M® (depending on overshoot

mixing), ignite He-core burning under degenerate conditions in a flash, and end their lives
as white dwarfs. Intermediate-mass stars ignite He in the non degenerate core and end their
lives as white dwarfs, and massive stars are those massive enough to explode as a
supernova. This classification is not useful for thermal pulse AGB stars. Low-mass AGB
stars do not experience hot-bottom burning, whereas massive AGB stars do. Those
intermediate-mass stars that can ignite carbon and have a sub-Chandrasekhar H-free core
after the second dredge-up are super AGB stars. Some of these may core collapse into a
neutron star; some will evolve into the most massive white dwarfs with ONeMg cores.
Thus, all massive AGB stars have initially intermediate-mass stars as progenitors, and some
low mass and some intermediate-mass stars become low-mass AGB stars. The stars of very
low mass may never reach the AGB. The most massive intermediate-mass stars may
become super-AGB stars.

The spectra of AGB stars fall into very characteristic groups: the oxygen-rich stars,
with spectra dominated by oxygen-containing molecules such as TiO, carbon-rich stars with
spectra dominated by molecules containing carbon (e.g. CN, C,), and rarer stars in between
with C/O = 1 (S stars). Examples of these spectra are shown in Fig. 1(Wood ,2010). The
existence of these stars indicates that the products of helium burning in the interior of the
star are being brought to the stellar surface. The pulsations are first seen with very small
amplitude and short period at low luminosities. The pulsations grow in amplitude with
increasing luminosity up to amplitudes in bolometric magnitude of ~1 mag. and periods
typically of 500- 1000 days. This large amplitude pulsation has a major consequence - it
causes a very large increase in the mass loss rate, so that essentially all the envelope outside
the nuclear burning core is lost. The star then evolves from the AGB through the post-AGB
phase to the planetary nebula phase and ultimately to the white dwarf stage. During the
planetary nebular phase, the envelope material lost in the AGB stellar wind is illuminated by
energetic photons from the remnant star, thus creating the glowing planetary nebula.
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Fig. 1. The distinctive spectra of an M star, an S star and a C star. The sequence
M—S—C corresponds to a change from C/O <1 to C/O ~ 1 to C/O > 1. M stars have
spectra dominated by molecules containing oxygen (e.g. TiO, VO) while C star spectra
are dominated by molecules containing carbon (e.g. CN, C;). Some of the stronger
bands are marked on the figure(Wood, 2010).

In this paper, we study the physical properties of far infrared cavity, that we
investigated during a systematic search on IRAS maps, located close to a carbon-rich AGB
star (AGB 06+16) at 16.1° latitude. In section 2, we describe methods of calculation. A brief
description of the result and discussion will be given in the section 3. Finally, we conclude
our results in the section 4.

2. Methods

In this paper, we study the far infra red cavity located close to the Carbon-rich AGB
star at 16.1° and briefly we describe the method of calculation for dust color temperature,
dust mass, wind speed, energy estimation of the selected dusty loop under IRAS survey.
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Fig.2(a): IRAS 100pm far infrared image of the core region of AGB 06+16 centered at
R.A.(J2000)= 06h 32m 38.12s and Dec.(J2000)= 15°59 m 47.9 s, (b)Contour map with
major axis AB, minor axis CD, line joining between minimum temperature and
minimum flux EF where size of the field is shown.
2.1 Flux Density

To calculate temperature and mass of each pixel due to the contribution of dust, we
need flux density of all pixel lying inside the outermost contour i.e. isoconter level 38 at 60
um and 100 um respectively. It is done by using software Aladin v2.5.
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2.2 Dust Color Temperature
For the calculation of dust color temperature, we adopt the method proposed by
Schnee et al. (2005) and Dupac et al. (2003). According to Schnee et al. (2005), dust color

temperature of the emission at a wavelength A;is given by

-96
T IR = 0.607; e (1)
F(60 pm)

where , R = F(100 pm)
F(60 pum) and F(100 pm) are the flux densities in 60 pm and 100 pm respectively and Eq.
(1) is used for calculation of the dust color temperature. The spectral emissivity index ()
depends on dust grain properties like composition, size, and compactness. For a pure
blackbody would have § = 0, the amorphous layer-lattice matter has f ~ 1, and the metals
and crystalline dielectrics have B ~ 2 which is used in our calculations.
2.3 Planck's Function
The value of Planck's function depends on the wavelength (frequency), and hence the
temperature. Finally it is used to calculate dust mass. In 1900, Planck proposed a relation
which is named as Planck's function. According to him, the Planck's function is given by
2hc 1

B, T) = e | e )

kT~
where, h = Planck’s constant, ¢ = velocity of light, v = frequency at which the emission is
observed,
A = wavelength of the radiation and T = temperature of each pixel.
2.4 Dust Mass
For the calculation of dust mass, first we need the value of flux density (F,) at 100
pm maps and we use the expression given by Hildebrand (1983),

_4ap| S\D?
Mdust - 3Qv B(V, T) .......... (3)

where, weighted grain size (a) = 0.1 pm, grain density (p) = 3000 kg m™, grain emissivity
(Qv) =0.0010 (for 100 um) [11: 725]. So the equation (3) reduces to
S,D?
Mauo: =0.4 [B(v, T)}

We use equation (4) to calculate dust mass of the cavity.
3 Result and Discussion:
3.1 Structure: Contour Maps

While going through the systematic search on IRAS maps, we discovered an
isolated cavity in the 100 pm and 60 um at R.A. (J2000) = 06" 31™ 05° and Dec. (J2000) =
16° 06> 06”. With the help of the software ALADIN2.5, we have studied physical properties
(size, dust color temperature, dust mass, etc) of the cavity. We selected contour level in
such a way that it circles the cavity. The major axis, minor axis and line passing through
minimum temperature and minimum flux are shown in the fig.2(b).
3.2 Distribution of Flux Density

By using ALADIN 2.5 software, the values of flux densities at 60um and 100um
have measured. The flux density distribution within the contour of the region of interest has
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studied. We plotted a graph between flux at 100pum and 60pum with the help of ORIGIN 5.0
which is shown in fig.2(a). From the linear fit, slope of the line was 0.18. The linear
equation of the fitted line is, y =-0.9+0.18x. Using the slope of best fitted plot, dust color
temperature is calculated as 22.6 K.
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Fig.3(a) The 100pm verses 60pm flux density in the region of interest and 3(b) Contour
map at 100pm flux density where the AGB star is located at the center R.A. (J2000) =
06" 32™38.12°, Dec. (J2000) = 15°59' 47.9."
Again distribution of flux at 100pm of the pixels within the contour level with right ascension
(R.A.) and declination (Dec.) are plotted by using ORIGIN 8.0 and the graph is shown in
fig.3(b). Graph shows that all the fluxes from minimum to maximum lie within the contour level.
Most of the maximum flux regions lie at the boundary.
3.3. Dust color Temperature and its Variation

Using the method of Schnee et al. (2005) ,we calculated dust color temperature of
each pixel inside the outer isocontour 38 in the region of interest. We use the IRAS 100 pm
and 60 pm FITS images downloaded from the IRAS server. For the calculation of
temperature, we choose the value of B = 2 following the explanation given by Dupac et al.
(2003). Variation of temperature with corresponding R.A.(J2000) and Dec.(J2000) are
plotted by using ORIGIN 8.0 and the graph is shown in figure 3(a). Graph shows that
temperature distributions are in separate cluster but minimum temperature region is little bit
shifted from minimum flux density which is unusual behaviour. Such type of nature is
obtained due to external factors.

16.1
21.4221.3121.2021.0920.97 20,86 20.75 20.64 20.5;

i . 1 L 1
98.5 98.4 98.3 98.2 98.1 98.5 98.4 98.3 98.2 98.1

R.A.(J2000) R.A.(J2000)
1.0%%1.0° 1.0%1.0°

Fig. 4: Dust color temperature (a) and dust mass (b) contour maps. The field is centered at R.A.
(J2000) = 06"32™38.12°, Dec. (J2000) = 15°59' 47.9." The contour levels are shown.
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The region in which minimum and maximum temperature is found in the range of
20.5K to 21.4K with an offset temperature of dust 0.9K. Such a low offset temperature
variation shows that there is symmetric outflow or symmetric distribution of density and
temperature. It further suggests that our structure is not independently evolved or the role of
discrete point sources in the field of cavity is important for the structure destruction
mechanism. The cavity may be in thermally pulsating phase. The dust temperature less than
20 K represents the interstellar cirrus cloud. Thus our far infrared dust structure (i.e. cavity)
is not a cirrus cloud. Another region of cloud fulfills the criteria of Cirrus clod. When this
result is compared with the result obtained in Aryal et al.(2011) where temperature
variation is 20K to 22K so our result is also comparable with that result.

3.4 Size of the Structure

To measure the major and minor diameter for each FITS image, we used a simple
expression for the calculation, L = R x 0, where R = 310pc is the distance of the structure
from us provided by Weinberger (5) and 6 = pixel size (in radian). After calculation the
major and minor diameter of the cavity region are 3.57 pc and 1.19 pc respectively at
contour level 38 in the 100 pm image. Thus, the size of the structure is 3.57 pc x 1.19 pc..
3.5 Dust Mass Estimation

For the calculation of dust mass, we need the distance to the region of
interest. The distance of the structure provided by Weinberger (2014) is 310 pc.
By using the temperature of each pixel and corresponding distance of the
structure, we calculated mass of each pixel. Average mass of each pixel is 8.22 x
1025 kg and total mass of the structure is 2.06 x 1028 kg.

3.7 AGB Wind Speed
The wind velocity was calculated by the relation given in Mattsson et al. (2010).
2 2 2 2
Uout =y — 1 Us +T-1 Uyee
where u,, is the dust velocity, us is the velocity of the sound, u. is the escape velocity, y is
the polytropic index of the system and T is defined by,

kL~
I'= 4cGMe
For the AGB star we can assume that thek is 10° L, to 10* 109
M. 8 10 o 107

The value of k is the opacity of the medium which is 0.1 mZKZ’1 for the 100 pm emitter
dust,(Ossenkopf . et al. 1994).

Using solar Luminosity to be 3.846 x 10*® W and the solar mass 2 x 10*° Kg we get
the value of I' to be 0.076 to 0.765 which tends the second term of the wind velocity
equation negative, which was expected result because of the gravitational term which have
to reduce the outer wind velocity.

Now we calculate the escape velocity of the structure using the diameter of the inner circle.

4GM

Uesc = d:

here dl is the diameter of the inner circle which was calculated as 1.19 pc , M is the mass
inside inner circle which was calculated as 8.148x10> and gives the value of the escape
velocity to be
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2 2,2
Uoo = 0.59 m’/s
Uese =0.768 TN/S

Velocity of the sound in that structure can be defined as the velocity of the dust having that
temperature. We assume that kinetic energy of the dust is equal to the thermal energy i.e.

KgT -1 2
B ave_2mdus

The average temperature of the structure is 20.91 K and my is the mass of the dust structure
which was assumed to 10* m,, (m, is mass of the proton which is equal to 1.67x10%"kg ) this
gives the value

ug =34.55 m’s >

Us =5.87 /s
This gives the wind velocity as
u 2__2_ 2. 0.84
out g—1"s
to
2 2 2

uout:g—lus70'43

The value of the polytropic index is assumed to be 1.5 in The AGB star. This make the
range of the dust velocity as,

u 2 =192.05 -0.84 =191.25
out

to
2
u_ . =192.05-0.43 =191.62
out
Thus
Uout = 13.83 m/s to 13.84 m/s, 1.e 13.84 m/s

When analyzing the u,, equation for the compact AGB star we can assume the polytropic
index of it to be ~ 1:1. Then the speed for the proton can have the value of 3:09 x 10° ms ™.
3.8 Energy Estimation

The energy estimated by considering that energy that was required to pull that
excess mass by that velocity using the classical mass energy relation

E= % Meficit uoit

Here Mericie 1s the mass deficit per pixel as we already calculated Mgeficir 18 4.7 % 10% Kg and

2 . .
theu out = 191.62 m’s’, we get the required energy for the structure formation as

E=45x10"]
4. Conclusions
We present physical properties of a dusty loop at far infrared (60 um and 100 pm)
IRAS maps located within 1° radius. The dust color temperature, dust mass, excess mass
and inclination angle of the core region of the loop are studied . We conclude our results as
follows:
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The major and minor diameter of the cavity like structure is found to be 3.57 pc and
1.19 pc respectively.

The maximum and minimum flux was found to be at R.A. 06h 33m 49.4s DEC +15¢
34m 37.6s & R.A. 06h 32m 36,6s DEC +15° 49m 47s , maximum and minimum
temperature is at R.A. 06h 32m 22.1s DEC 15° 50m 51s & at R.A. 06h 32m 49.1s
DEC 15°55m 17s respectively.

The region in which minimum and maximum temperature is found in the range of
20.53K to 21.42 K with an offset temperature of dust 0.89 K . Such low offset
temperature variation shows that there is symmetric outflow or symmetric distribution
of density and temperature.

The flux and the temperature variation does not fit the Gaussian variation it mean the
cavity prefer polytropic behavior.

The total mass of the inner circled cavity was 5.54 x 10>’ Kg, the average mass of the
inner circle was 8.148 x 10* Kg and that of the outer circle including inner was 4.709 x
10* Kg and 8.44 x 10” Kg respectively. The mass deficit per pixel of the structure was

4.7 x 10® Kg i.e. 0.0236 MQ.

The wind speed of the structure was found to be 13.84 m/s and energy of the structure
was found to be 4.5 x10* J.
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ABSTRACT

We have studied about the evolution of Asymptotic Giant Branch (AGB) stars, mass losses from them and a
systematic search of AGB stars in J2000 coordinate system provided by K. W. Shu & Y. J. Kwon (2011) of
dust structure in the far infrared range (100 um and 60 pm). For dust structure IRAS survey was performed
using Sky View virtual Observatory. The FITS images downloaded from sky view was processed using
software Aladin v 2.5. A cavity like structure (major diameter~1.93 pc & minor diameter~ 0.89 pc) lies in
the coordinate of R. A. (J2000) 04h 15m 03s and DEC (J2000) 54d 41m 00s was found at the distance~ 240
pc. We studied the flux density variation and the temperature variation about major diameter, minor
diameter and the distance between minimum temperature and minimum flux within the structure. We
observed the variation of the temperature is 20.53 K to 21.09 K, with the offset of about 0.56 K, which show
the cavity is independently evolved. The mass profile of each pixel of the structure was also calculated using
this temperature.

Keywords: AGB Stars, Low and intermediate mass stars, Dredge-up, Thermal pulse, Nucleosynthesis,
S-process, Mass loss, Excess mass.

INTRODUCTION contributors to the integral luminosity of

Low-to-intermediate mass stars end their life on the ~ intermediate-age stellar systems.

asymptotic giant branch (AGB) star. AGB stars are The spectra of AGB stars fall into very
the main distributors of dust into the interstellar characteristic groups: the oxygen-rich stars, with
medium due to their high mass loss rates in spectra  dominated by  oxygen-containing
combination with an effective dust condensation. It molecules such as TiO, carbon-rich stars with
is therefore important to understand the dust spectra dominated by molecules containing carbon
formation process and sequence in their extended (e.g. CN, C,), and rarer stars in between with
atmosphere. The interaction between wind and its C/O = 1 (S stars). Examples of these spectra are
surroundings in the interstellar medium (ISM) shown in figure 1. The existence of these stars
provides a laboratory to study the behavior of dust indicates that the products of helium burning in
particles. Actually Asymptotic Giant Branch  the interior of the star are being brought to the
(AGB) stars are the final evolution stage of low- stellar surface. Any theory of AGB evolution must
and intermediate-mass stars driven by nuclear  be able to explain this. While changes due to
burning. This phase of evolution is characterized by nuclear processes in the stellar interior occur on
nuclear burning of hydrogen and helium in thin timescales of ~10° years, the outer envelopes of
shells on top of the electron-degenerate core of =~ AGB stars pulsate on timescales of ~10-1000
carbon and oxygen, or for the most massive super  days. The pulsations are first seen with very small
AGB stars a core of oxygen, neon, and magnesium. amplitude and short period at low luminosities.
In particular, the recurrent thermonuclear flashes The pulsations grow in amplitude with increasing
that induce a complex series of convective mixing  luminosity up to amplitudes in bolometric
events provide a rich environment for nuclear = magnitude of ~1 mag. and periods typically of
production. The nucleosynthesis in AGB stars plays ~ 500- 1000 days. This large amplitude pulsation
an important role for our understanding of the  has a major consequence - it causes a very large
origin of the elements. AGB stars are the major increase in the mass loss rate, so that essentially
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the entire envelope outside the nuclear burning
core is lost. The star then evolves from the AGB
through the post-AGB phase to the planetary
nebula phase and ultimately to the white dwarf

stage. During the planetary nebular phase, the
envelope material lost in the AGB stellar wind is
illuminated by energetic photons from the remnant
star, thus creating the glowing planetary nebula.
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Fig.1. The distinctive spectra of an M star, an S star and a C star. The sequence M—S—C corresponds to
a change from C/O <1 to C/O ~ 1 to C/O > 1. M stars have spectra dominated by molecules containing
oxygen (e.g. TiO, VO) while C star spectra are dominated by molecules containing carbon (e.g. CN, C,).

Some of the stronger bands are marked on the figure {source: P. R.Wood, SAIt 81,883 (2010)}.

In the remainder of this article, we will discuss the
interior nuclear evolution of AGB stars, mass loss
from them, estimation of dust color temperature,
dust mass, excess mass, etc.

THE EVOLUTION OF AGB STARS

AGB stars have large, low density convective
envelopes of radius several hundred Ry,
surrounding a dense, electron-degenerate core of
carbon and oxygen. Between the envelope and the
core are hydrogen and helium burning shells,
whose typical energy production can be seen as a
function of time in figure 2. In the early AGB
phase, following exhaustion of helium in the core,
the H and He shells burn smoothly, but the He shell
soon becomes unstable and starts a series of
thermal relaxation cycles. The He burning shell is
effectively dormant for about 80% of the time, but
at the end of each dormant period, it ignites
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furiously (but hydrostatically), reaching peak
energy generation rates of ~10® L, in the more
massive cores. After several hundred years, the
helium shell drops back to burning at a rate roughly
in equilibrium with the surface luminosity of the
star, taking over from the H burning shell as the
main energy source. Over the next ~20% of the
shell flash cycle, the He burning shell burning rate
gradually declines, while the H burning shell rate
increases to again become the dominant energy
source, so that a new shell flash cycle begins.

The duration of a shell flash cycle, like most
properties of the nuclear burning core, depends
mostly on the core mass (Wood & Zarro, 1981;
Boothroyd & Sackmann, 1988a). For a 1 My,, AGB
star with a typical core of mass ~0.6 My, the cycle
length is ~10° years, while for an AGB star of
initial mass more than ~ 5 Mg, and a core mass of
0.9 My, the cycle length is ~10° years.



A very important aspect of AGB evolution is mass
loss. The loss of essentially all the hydrogen-rich
envelope is what terminates AGB evolution and
leaves a compact remnant star that evolves through
the parts of the HR diagram occupied by post-AGB
stars, planetary nebular nuclei and white dwarfs
(figure 1). Figure 2 shows the typical evolution of
the mass loss rate and the mass in a 1 My,, AGB
star - many more examples are given in Vassiliadis
& Wood (1993). It is particularly notable that mass
tends to be ejected in multiple stages, which
coincide with the brighter parts of the shell flash
cycle when the H-burning shell is active. The mass
loss process in AGB stars is discussed further in the
next section of this paper.

The large energy release at a helium shell flash and
its subsequent transport by convection leads to
mixing processes that bring nuclear burning
products, especially carbon and s-process elements,
to the stellar surface: this process causes the
transformation of AGB stars from oxygen-rich M
stars to carbon stars with C/O > 1. The material
ejected from AGB stars is a major source of
enrichment of the interstellar medium in '>C and
heavy s-process elements.

A general overview of the mixing processes is
shown in figure 3. When the He shell ignites and
releases a large amount of energy, the resulting
temperature gradient is sufficient to drive
convective energy transport, creating the Inter shell
Convective Zone. This zone carries the carbon
produced by He burning outward, but not to the
convective envelope, so that carbon is not directly
mixed to the stellar surface. However, when the
energy dumped into the He burning zone finally
escapes from the core into the envelope, after the
Intershell Convective Zone has disappeared, the
envelope convection moves inward in mass and
dredges up carbon rich material within the mass
region previously occupied by the Intershell
Convective Zone. This process is called the Third
Dredge-Up and is the mechanism by which carbon
stars are formed.

Another important nuclear process that occurs in
AGB stars is s-process nucleosynthesis, wherein
heavy elements are created by the addition of
neutrons to relatively abundant nuclei, such as
those in the Fe-peak. For the process to occur, a
source of neutrons is required. These neutrons
come from two sources in AGB stars: the reactions
2C(p,y) "N(B * v) PCla,n) O and “N(a,y) “F(B *
v) "*O(a,y) *Ne(a,n) *Mg. The first set of reactions
need to occur in a region with a restricted number
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of protons, so that the °C is not converted to '*N by
proton absorption as would be the case with the
CNO cycle operating in a H-rich region.
Furthermore, the temperature needs to be higher
than that in the vicinity of the H-burning shell if the
reaction *C(o,n) '°O is to occur. The first condition
(low H abundance) occurs in the partial mixing
region left at the bottom of the H-rich convective
envelope by third dredgeup (the light grey region in
figure 3). The details of the amount of mixing here
are very uncertain, but some sort of semi-
convection seems to be involved (Hollowell and
Iben, 1988). Because of the uncertainties in current
evolution models, most nucleosynthesis
calculations treat the amount of mixing (size of the
“convective pocket”) as a free parameter. The
second condition (sufficiently high temperatures)
was found by Straniero, et al. (1995) to exist in the
convective pocket between He shell flashes.
Although the reaction rates are slow, there is
sufficient time for the s-process to occur in this
interval. At the next He shell flash, s-process
elements so produced are engulfed by the new inter
shell convection zone and then partially dredged-up
to the stellar surface by the subsequent third
dredge-up event. Other s-process elements remain
in the convective pocket at the base of the third
dredge-up zone, ready to be further enhanced with
neutrons in the next inter-flash interval.
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Fig. 2. The variation of L, LH (dotted line), LHe
(dashed line), M and M with time for a 1 M AGB
star. This solar metallicity model is from the
calculations of Vassiliadis & Wood (1993).
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Fig. 3. A schematic diagram showing the positions
of convection regions (dark grey) in the (mass
fraction, time) plane. The light grey area is the
region in which s-process nucleosynthesis occurs
between He shell flashes. From Lattanzio & Wood
(2004).

The second set of neutron-producing reactions also
contribute to s-process nucleosynthesis "N left
over form the CNO cycle is readily burnt to **Ne
soon after He burning shell ignition. However, the
final reaction “*Ne(a,n)”Mg requires temperatures
near 3x10° K, and is important mainly in the
intershell convection zone of the more massive
cores of the more massive AGB stars (Hollowell
and Iben, 1988).

A consistent problem with all studies of mixing in
AGB stars is our lack of knowledge of convective
processes, especially the amount of overshoot
occurring at the edges of convective regions.
Convection is usually treated by the mixing length
theory, and it is well known that the adopted
mixing length significantly affects the amount of
dredge-up (Wood, 1981; Boothroyd and Sackmann,
1988b; Lattanzio, 1989). Increasing the mixing-
length enhances dredge-up. Attempts are now being
been made to study mixing in AGB stars by using
multi-dimensional fluid dynamics (Herwig et al.,
20006), rather than simple theories like the mixing-
length theory. Much work remains to be done in
this area.

The problems with numerical simulations of AGB
stars has led to the creation of synthetic models of
AGB evolution in which various aspects of the
evolution, such as the amount of dredge-up at each
helium shell flash and the minimum core mass at
which dredge-up occurs, are treated as free
parameters (Marigo and Girardi, 2007). The
parameters of these models are then calibrated
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against observational data, such as the luminosities
of carbon stars in the LMC (Large Magellanic
Cloud) and SMC (Small Magellanic Cloud). The
synthetic model calculations are useful when wide
areas of parameter space (initial M and abundance)
are to be explored.

MASS LOSS FROM AGB STARS

For a star to have a wind, there must be an outward
force that provides momentum and energy input,
accelerating the surface layers to velocities larger
than the escape velocity. This may be realized in
various ways, including the scattering of UV
radiation by resonance line opacity in hot stars, the
generation of magneto-acoustic waves above the
photosphere in red giants, or the absorption of
photons by dust grains in the outer atmospheres of
the coolest and most luminous stars (Lamers and
Cassinelli, 1999). Mass-loss dominates an AGB
star’s evolution and fate. It is clear from
observations of Mira and OH/IR stars that mass-
loss rates increase exponentially along the AGB
until they reach super-wind values of ~ 10~ — 10™*
M yr ' (Willson, 2000; Olofsson, 2003).

Combining theoretical efforts and empirical
evidence, a reasonable scenario takes form in which
mass-loss on the AGB can be divided into three
regimes: an initial period before the onset of the
dust-driven wind (designated as “pre-dust mass-
loss”); a subsequent phase characterised by an
exponential increase of mass-loss driven by the
combined action of dust and pulsation (designated
as “dust-driven mass-loss”); and a final brief
regime with high mass-loss (designated as “super-
wind mass-loss™).

In our scheme, the phase of pre-dust mass-loss

(with rate Mre.qust) 1S thought to apply to the early
stages on the AGB in which either dust has not yet
formed in the outermost atmospheric layers, or if
present in some small amount, is unable to
generate an outflow. In these conditions a likely
wind mechanism could be related to a strong flux
of pressure waves or Alfven waves able to cause
the spillover of the extended and highly turbulent
chromospheres typical of red giants. The same
mechanism might be at work during both the
ascent along the RGB and the early stages of the
AGB (Schroder and Cuntz, 2005; Cranmer and
Saar, 2011).

In stellar evolutionary calculations a frequent
choice to describe mass-loss during the early phases
is the classical Reimers (1975) law, a simple



scaling relation of stellar parameters based on
observations of few red giants and supergiants. The
Reimers relation is commonly multiplied by an
efficiency parameter nr, whose value is calibrated
such that it recovers the observed morphology of
horizontal branch stars in Galactic Globular
clusters. The calibration however, still depends on
the residual envelope mass left over from the RGB
(Renzini and Fusi Pecci, 1988).

More recently Schroder and Cuntz (2005) proposed
a modified version of the Reimers (1975) law, in
which additional dependencies on the effective
temperature and surface gravity follow from a
physically-motivated  consideration = of  the
mechanical flux responsible for the wind. The role
of the chromosphere in driving mass-loss in lateK
to early-M giants is supported by the analysis
McDonald and van Loon, (2007) of the Ha and
infrared calcium triplet lines in a sample of red
giant stars hosted in Galactic globular clusters.
Similarly to the Reimers relation, the Schroder and
Cuntz (2005) formula also needs an efficiency
parameter 1. to be specified.

Novel efforts to model stellar winds from red giants
were carried out by Cranmer and Saar (2011). A
selfconsistent and more detailed theoretical
approach is developed to follow the generation of
energy flux due to magneto hydrodynamic
turbulence from subsurface convection zones to its
eventual dissipation and escape through the stellar
wind. One major difference is that, while in
Schroder & Cuntz (2005) the mass-loss rate is
assumed to scale linearly with the photospheric
mechanical energy flux (Fy) of Alfven waves

(Mpre-aust % Fuz), the analysis of Cranmer and Saar
(2011) yields a higher dependence

y 12/7
(Mpre-qust < F M ). Analytic models for magnetic

wave generation indicate that the mechanical

7.5
energy flux scales as Fy « Teff (Musielak and

Rosner, 1988). Hence, considering that the mass-
loss rate is proportional to the surface-integrated
mechanical energy flux, Ly 41tR2FM, and
expressing the stellar radius R with the Stefan-
Boltzmann law for a black body, we eventually
obtain a significantly steeper dependence of the
mass-loss rate on the effective temperature,

3.5
Mpre-qust € Teff (Schroder and Cuntz, 2005) and

y 8.86
Mpre-dust ¢ T off (Cranmer and Saar,2011).
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Following the pre-dust phase of mass-loss, as the
star climbs the AGB at increasing luminosity,
suitable conditions can be met in the cool
atmosphere for stellar winds to be generated
through a different intervening mechanism. The
most plausible hypothesis resides in the
momentum input when the stellar radiation field is
absorbed (or scattered) by dust grains and
transferred to the gas via collisions. This wind is
enhanced by pulsations that shock the envelope
and periodically levitate matter up to regions
where dust can more efficiently condense
(Gustafsson and Hofner, 2003). Observationally
there is a clear correlation, though with a large
scatter, between the mass-loss rate (here

designated with My,s) and the pulsation period P

of AGB variables, such that My, is seen to
increase exponentially with the period (Vassiliadis
and Wood, 1993).

Finally, close to tip of the TP-AGB, the mass-loss
rates almost level out to 107 —10*M,,, yr ' of the

so-called super-wind phase (Msw), corresponding
to the condition in which the maximum momentum
of the radiation field is transferred to the stellar
atmosphere.

Within this framework, the mass-loss prescriptions
adopted in the TP-AGB stellar models computed
for this study are as follows. For the dust driven
wind phase we adopt a formula similar to Bedijn
(1988), which predicts an exponential increase of

mass-108S Mgyt X exp(RaMb) dependent on stellar
parameters derived from models of periodic
shocked atmospheres. Coefficients a and b are
calibrated on a sample of Galactic Mira stars
(Marigo et al., 2013; Nanni et al., 2013, and Kalirai
etal., 2014).

For the super-wind phase we adopt the formalism
of Vassiliadis and Wood (1993), in which the

mass-loss rate, Mgy, is proportional to the ratio
of the stellar luminosity to the terminal velocity
of the gas, which itself scales linearly with the
pulsation period. In practice as soon as P > 500 —
600 days the super-wind regime is expected to
set in.

We keep the same prescriptions for My, and Mgy
and vary only the M, qu. For the mass-loss rates

Me.aust before the onset of dust-driven winds we
consider four options:
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* n=0
Mprz- dust - 1O mass-loss before the possible

onset of the dust-driven wind, Mpre-dust = 0;

» MFRP pre-dust - the traditional Reimers (1975),
mass-loss

Mpre-dust =4 x 10_13nR L/ gR :4X10_131]RLR/M
with the efficiency parameter n, = 0.4;

* SCO05
» M : the original Schroder & Cuntz
pre-dust
(2005) law
. 3.5
- eff
Mpre-dust 10 H Nsc LR/ M {40001{}

1
{1 + m} with the efficiency parameter ng.

=38.0;
* MSCO05
» pre-dust 2 modified version of the
Schroder & Cuntz (2005) scaling relation
8.9
L] _ Te
Mpre»dust = 10" Nmsc LR/ M {m}

fi+

in which, for the reasons explained above, the
power-law dependence on the effective temperature
is steepened; here the efficiency parameter is set to
Nysc = 0.4

In all formulas the mass-loss rate is given in Mg,
yrfl, the effective temperature T, is in Kelvin, the
stellar radius R, luminosity L, the mass M, and
surface gravity g are expressed in solar units.

4300 g}

Finally, we caution the reader that our modified
Schroder and Cuntz relation, with n,sc = 0.4, set for
the early stages of the TP-AGB, may be too efficient
to be extended to lower luminosities of RGB stars
based on a quick comparison to the measured mass-
loss rates of the sample, collected by Cranmer and
Saar (2011), that includes metal poor RGB stars with
and effective temperatures in the range 3800-5800 K,
as a function of the luminosity.

DATA REDUCTION

Each pixels of the FITS image of our region of
interest are analyzed using software Aladin v2.5
which is one of the handy and extensively used
software in the data reduction processes. This
software is designed to reduce and analyze the data
collected from the ground based and space
telescopes covering all wavelength regions.
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Information regarding the energy spectrum, relative
flux density with coordinate of each pixel, different
types of contour maps, longitude and the latitude of
the desired structure can be obtained by using
software .5 Contour Map.

We intend to study the isolated cavity structure at
60 pm and 100 pm. We adopt the method of
drawing contours at different levels so that we can
separate the region of maximum and minimum flux
density. The best contour level of the selected FITS
image is chosen in between 1 to 38.

We are interested in these maxima to study the flux
density within the region because our focus is on
the temperature profile and the mass distribution of
the dust within the isolated structure. We are
interested to study the temperature and mass profile
of isolated structure and possibility of star
formation in this region. The contour picture is
shown in figurel.

FLUX DENSITY VARIATION

To calculate temperature and mass of each pixel
due to the contribution of dust, we need flux
density of all pixel lying inside the outermost
contour i.e. isoconter level 40 at 60 um and 100 pm
respectively. It is done by using Aladin v2.5 to
evaluate Variation of flux density with distance
along major diameter (AB), minor diameter CD and
the distance between minimum temperature and
minimum flux density (EF).

DUST COLOR TEMPERATURE ESTIMATION

Adopting the similar method as that of Schnee ef al.
(2005) the dust temperature was calculated from the
IRAS 60 pm and 100 pm flux densities (Dupac,
2003). By knowing the ratio of flux densities at 60
um and 100 pum, the temperature contribution due
to dust color can be calculated. The dust
temperature T4 in each pixel of a FIR image can be
obtained by assuming that the dust in a single beam
is isothermal and that the observed ratio of 60 um
to 100 pm emission is due to black body radiation
from dust grains at T4, modified by a power law of
spectral emissivity index. The flux density of
emission at a wavelength 2, is given by

2hc

he
ﬂ,?[el’”" J—l

Ny Ocli_ﬁ Q; (1)




where B is the spectral emissivity index, Ny is the
column density of dust grains, a is a constant which
relates the flux with the optical depth of the dust,
and Q; is the solid angle subtended at A; by the
detector. We use the equation following Dupac
et al.(2003).
1
B - o+ WTd (2)

to describe the observed inverse relationship
between temperature and emissivity spectral index.

With the assumptions that the dust emission is
optically thin at 60 um and 100 um and that Qo~
Q100 (true for IRAS image), we can write the ratio,
R, of the flux densities at 60 pm and 100 um as

14T
e’ -1

ez%“ -1

The value of B depends on dust grain properties like
composition, size, and compactness. For reference,
a pure blackbody would have 3 = 0, the amorphous
layer-lattice matter has f ~ 1, and the metals and
crystalline dielectrics have B ~ 2.

R=0.6""P 3)

For a smaller value of T4, 1 can be dropped from
both numerator and denominator of Eq. (3) and it
takes the form

14
o,

) e
R=0.6C" —— (4)
Ty
e
Taking natural logarithm on both sides of Eq. (4) ,
we find the expression for the temperature as
—96

Te= R % 0.6°7} (5)
where R is given by

_ F(60um)
R = E(100pum) (6)

F(60 pm) and F(100 pm) are the flux densities in
60 um and 100 um respectively. One can use Eq.
(5) for the determination of the dust grain
temperature.

DUST MASS ESTIMATION

Further analysis of the structure needs the mass of
the structure. Dust masses are estimated from the
infrared background corrected flux densities at 100
pm image. The distance of the structure was
provided by Weinberger (2014). We are calculating
dust mass following the analysis of Meaburn et al.
(2000). The infrared flux can be measured from
IRAS Sky View images and images from the
Groningen using ALADIN2.5. The resulting dust
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mass depends on the physical and chemical
properties of the dust grains, the adopted dust
temperature and the distance to the object. The final
expression for the dust mass can be written as:

4pp |_S.D?
3Q, IB(v.T)

where, a = weighted grain size , p = grain density,
Q, = grain emissivity

S, = f x MJy/Str x 5.288 x 10~ where, 1 MJy/Str =
1 x10* Kg s * and f = relative flux density
measured from the image (IRAS 100 um image).

D = distance of the structure

B(v, T) = Planck’s function, which is the function
of the temperature and the frequency and given by
the expression:

(7

dust —

2hv?
Cz

2hc

hv
ekT —1
where, h = Planck’s constant, ¢ = velocity of light

v = frequency at which the emission is observed, T
= the average temperature of the region

B(v,T)= ®)

Value of various parameters we use in the
calculation of the dust mass in our region of interest
are as follows:

a=0.1 um (Young et al., 1993)

p=1000 Kgm™ (Young et al., 1993)

Qv =0.0010 for 100 pm and 0.0046 for 60 um
respectively (Young et al., 1993).

Using these values the expression (7) takes the
form:

SvD?
B(v. T)} ©
We use the above equation for the calculation of the
dust mass.

Mdust :0 4 ‘:

RESULTS AND DISCUSSION
Structure: Contour Maps

While going through the systematic search we
discovered an isolated cavity in the spectrum of the
100 pm and 60 pm at the R.A. 04h 15m 03s and
DEC 54" 41 m 00 s. With the help of the software
ALADIN2.5, we have drawn the contour maps to
distinguish the minimum flux region in the field of
the interest. We select the contour level at 40 and
major axis, minor axis and line passing through
minimum temperature and minimum flux was
drawn which was shown in the Fig 4. While
drawing the major axis and the minor axis we
should pass it through the minimum flux pixel.
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Fig. 4. The image of IRAS survey of the R.A. 04h
15m 03s and DEC 54° 41 m 00 s at the contour
level 1-40 with major axis AB, minor axis CD, line
Joining minimum temperature and minimum flux

This gives the distance of major diameter of the
structure is 1.93 pc and minor diameter of the
structure is 0.89 pc, whose calculation is shown latter.

FLUX DENSITY VARIATION

By using the ALADIN 2.5 software, flux density
variation of the region of interest is studied. We
obtained the graph of flux density variation along
the major axis, minor axis and line joining the
minimum temperature region and minimum flux
region considering R.A. 04h 15m 03 s and DEC 54-
41m 00 s as center. We plotted it with the help of
the ORIGINS.0 for the polynomial fit of the data as
in figure 5(a).

The polynomial equation of the fitted line is,

S, =36.21 -25.77d +113.47 d>-220.70 d*+197.45 d*
81.32 d° +12.57 d°

Similarly the variation of flux density along minor

EF. diameter is plotted as in figure 5(b).
e B
34.5 Polynomial Fit of Data1_B
1
34.0 | E
335 | E
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X
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315 | E
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e B
Polynomial Fit of Data1_B
1 1 1 1 1
0.0 02 04 06 0.8 1.0
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(b)

Fig. 5. Best fit polynomial showing the variation of flux density along (a) major diameter and (b) minor
diameter of isocontour level 1-40. The distribution of flux density along major and minor diameters with

distance of AGB star AGB 04153, +5441 and standard error of the distribution +6/\n.
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The polynomial equation of the fitted line is,

S,=38.21-65.39d+265.19d°-574.09d*+777.16d"-
615.19d°+209.22d°

Then we studied the variation of flux density with
the distance along the line joining the minimum
flux and minimum temperature. But in this case
major diameter and line joining between minimum
flux and minimum temperature coincides.

DUST COLOR TEMPERATURE VARIATION

Using the method of Schnee et al. (2005), we
calculated dust color temperature of each pixel
inside the outer isocontour 40 in the region of

21.1 .
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interest. We use the IRAS 100 pm and 60 um
FITS images downloaded from the IRAS server
(Web, 2014). For the calculation of temperature
we choose the value of B = 2 following the
explanation given by Dupac et al. (2003). The
region with minimum and maximum temperature
is found to lie in the range of 20.53 K to 21.09.
So offset temperature is 0.56 K. It means for low
temperature variation, there is symmetric outflow
or symmetric distribution of density and
temperature. Variation of temperature along
major diameter AB with distance is shown in
figure 7.

e B

21.0 -
20.9 -
g 20.8 -
20.7 -

20.6 -

20.5 L

Polynomial Fit of Data1_B

0.0 1.0

d(pc)

Fig. 7. Showing the variation of dust temperature with distance along major diameter AB of isocontour
level 1-40 of the same AGB star. The solid circle with +6/\/n error bar represents the standard error of
the distribution. The solid curve represents the best fit polynomial (6" order polynomial).

The polynomial equation of the fitted line is,

T=21.10-0.41d+1.64d%-5.42d°*+6.20d*-2.87d>+
0.46d°

20.85

Variation of dust temperature along minor diameter
CD with distance is shown in figure 8.
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Fig. 8. Showing the variation of dust temperature with distance along minor diameter CD of isocontour

level 1-40 of the same AGB star. The solid circle with +6An error bar represents the standard error of
the distribution. The solid curve represents the best fit polynomial (3" order polynomial).
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The polynomial equation of the fitted line is,
T=21.08- 2.32d+ 3.52d*- 1.53d".

Similarly major diameter and line joining between
minimum temperature and minimum flux is same
so the variation of dust temperature along line
joining between minimum temperature and
minimum flux EF with distance is already shown in
figure 7.

The region in which minimum and maximum
temperature is found in the range of 20.53K to
21.09 K with an offset temperature of dust 0.56 K
. Such low offset temperature variation shows that
there is symmetric outflow or symmetric
distribution of density and temperature. It further
suggests that our structure is not independently
evolved or the role of discrete point sources in the
field of cavity is important for the structure
destruction mechanism. The cavity may be in
thermally pulsating phase. The dust color
temperature less than 20 K represents the
interstellar cirrus cloud. Thus our far infrared dust
structure (i.e. Cavity ) is not a cirrus cloud. Another
region of cloud fulfill the criteria of Cirrus clod.

SIZE OF THE STRUCTURE

To measure the major and minor diameter for each
FITS image, we used a simple expression for the
calculation, L = R x 0, where R = 240pc is the
distance of the structure from us provided by
Weinberger (5) and 0 = pixel size (in radian). After
calculation the major and minor diameter of the
cavity region are 1.93 pc and 0.89 pc respectively
at contour level 40 in the 100 um image. Thus, the
size of the structure is 1.93 pc x 0.89 pc .

DUST MASS ESTIMATION

For the calculation of dust mass, we need the
distance to the region of interest. The distance of
the structure provided by Weinberger (2014) is 240
pc. By using the temperature of each pixel and
corresponding distance of the structure, we
calculated mass of each pixel. Average mass of
each pixel is 1.006x10% kg and total mass of the
structure is 1.438x10”* kg.

CALCULATION OF EXCESS MASS

For calculation of excess mass, we have drawn two
circles i.e. inner and outer circle with the help of
software Aladin v8.0. Circle through major
diameter is supposed as outer circle and the circle
through minor diameter is supposed as inner
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diameter of the interested region. With the help of
those circles we have calculated excess mass

ostoggsokta

,'%‘wered by Aladin

Fig. 9. Showing the inner circle and outer circle
drawn in the structure for calculation of excess
mass.

From the calculation total mass of the inner circle
was found to be 6.054x10”” kg and average mass of
inner circle was 1.009x10%° kg. Similarly the total
mass of outer circle including inner circle was
2.699x 10”* kg and the average mass was 1.03x 107
kg. So the total mass deficit in the inner pixel which
was blown away by the AGB star is 2.094x 10*® kg
1.€.0.0105 M.

CONCLUSIONS

A systematic search of dust structure in the far
infrared (100 um and 60 um) IRAS survey was
performed using Sky View Virtual Observatory to
find an isolated new cavity. We searched for the all C-
rich AGB star surrounding in our galaxy, we found an
isolated cavity like structure having cavity at both 60
pm and 100 pm wavelength at the center R.A. 04d
15m 03s and DEC 54 41m 00s. The distance of the
structure was found to be 240 pc[5]. The software
ALADIN 2.5 is used for the data reduction and
ORIGIN 5.0 for the plotting graphs. The physical
properties of the structure, a study of flux density and
temperature variation, dust color temperature, mass of
dust, mass deficit per pixel of the cavity was
calculated. The conclusions drawn from the present
calculations are as follows:
* The major and minor diameter of the cavity like
structure is found to be 1.93 pc and 0.89 pc
respectively.



* The maximum and minimum flux was found to
be at R.A. 04h 14m 14.9s DEC +54¢ 37m Ols
& R.A. 04h 15m 10.9s DEC +54¢ 51m 08s,
maximum and minimum temperature is at R.A.
04h 14m 25.2s DEC +54- 38m 03s & at R.A.
04h 15m 46.1s DEC 4552 00m 07s
respectively.

* The region in which minimum and maximum
temperature is found in the range of 20.53K to
21.09 K with an offset temperature of dust 0.56 K
which shows that the cavity is independently
evolved. Such low offset temperature variation
shows that there is symmetric outflow or
symmetric distribution of density and temperature.

* The total mass of the inner circled cavity was
6.054x10*" Kg, the average mass of the inner circle
was 1.009x10% Kg and that of the outer circle
including inner was 2.699x10** Kg and 1.03x10*
Kg respectively. The total mass deficit of the
structure was 2.094x10% Kg i.e. 0.0105 Mgy,
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Abstract

In this paper, we discuss about the physical properties of the dusty environment around the mass losing
carbon rich post AGB star located at R.A. (J2000) =06 h 53m 01s and Dec (J2000) =-02° 16’ 007, in the
far infrared IRAS maps. A cavity like structure (major diameter ~ 103.3 pc & minor diameter ~33.1 pc)
is found to lie at R.A. (J2000)= 06 h 51 m 54.02 s and DEC (J2000) = -01° 35” 43”, located at a distance
~ 6.11 kpc from the star. We studied the distribution of flux density, dust color temperature, dust mass in
the cavity. The dust color temperature is found to lie in the range 18.7 K to 20.5 K which shows the cavity
is isolated and independently evolved. Such a low offset temperature variation shows that there is
symmetric outflow or symmetric distribution of density and temperature. It further suggests that our
structure is bigger in size and is far away from the far infrared loops(KK loops). The cavity may be in
thermally pulsating phase. A possible explanation of the results will be discussed.

Keywords: AGB stars; Post AGB Stars; Dust color temperature; Dust mass.

1. Introduction

Asymptotic giant branch (AGB) stars are the final nuclear burning stage of low- and intermediate-mass
stars driven by nuclear burning. This phase of evolution is characterized by two nuclear burning shell of
hydrogen and helium where hydrogen burning shell lies below the convective envelope and helium
burning shell lies above the electron-degenerate core of carbon and oxygen, or for the most massive AGB
stars a core of oxygen, neon, and magnesium [1]. This AGB stage is characterized by low surface
effective temperatures (below 3000K) and intense mass loss (from10~7 to 104 Meyr?) [2]. When the gas
temperature drops to the sublimation temperature range, heavy elements in the mass outflow from a
central star will condense to form dust . Dusty circumstellar envelopes will format the distance of several
stellar radii. Dust grains in the envelopes absorb stellar radiation and re-emit infrared radiation so AGB
stars are important infrared sources . The mass loss process plays an important role in the evolution of
AGB stars . It affects the lifetime of the AGB phase and the core-mass of the subsequent post-AGB stars.
Statistics of a large sample of AGB stars would help to constrain the evolution of dust envelope.
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There are two main types of AGB stars: the O-rich with C/O < 1 and mainly silicate-type grains in the
outflow, and C-rich with C/O > 1 and mainly carbonaceous grains in the envelopes. Due to different dust
compositions of these two types of AGB stars, different infrared spectral features are obtained which can be
used to distinguish the two groups of the stellar objects . Most of the carbon compounds such as aromatic
hydrocarbon, benzene, methane, etc. are responsible for biological life so carbon- rich AGB stars are preferred
in our research work.

He-core burning phase is about 10 times shorter than the H-core burning shell so that the He-core burning
leaves a C/O core behind that is surrounded by both a hydrogen and helium burning shell. For low and
intermediate mass stars, carbon doesn't ignite and C/O core contracts and becomes electron degenerate.
During the early AGB phase, the abundance of He in the centre goes to zero where He-burning continues
in a shell around a degenerate C-O core. In the meantime, the H- layer around the helium shell expands
and cools sufficiently so that hydrogen burning shell is extinguished. Convective envelope sets in and
moves inwards and second dredge-up takes place. He shell is the main source for nuclear production so
that it burns outward and reaches the hydrogen shell. In case of thermally pulsating AGB phase, helium
shell becomes thin and remains thermally unstable as a result thermal pulses are produced. In each
thermal pulse, luminosity of helium shell nearly approaches 108Lo[3].The production of such high
luminosity in helium shell is called He shell flash or thermal pulse which is used to expand the outer
layers. Such strong expansion drives the H shell cooler and less dense as a result H shell is extinguished.
The inner edge of deep convective envelope can then move inward and mix to the surface products of
internal nucleosynthesis. This mixing process which occurs periodically after each TP is known as third
dredge-up which is the mechanism for producing carbon stars. During TP-AGB phase, main dominant
source of nuclear energy is the hydrogen shell. Thermally pulsating AGB phase is the phase after the first
thermal pulse to the time when the star ejects its envelope.

At the end of the TP-AGB, the envelope mass is strongly reduced down to 0.05 Mg due to the strong mass
loss. The star now evolves towards high temperatures at an almost constant luminosity . This is because the
surface layer is gradually heating up due to the proximity of the stable burning thin H-shell which produces the
luminosity. The star has now entered the post-asymptotic giant branch (post-AGB) phase.

The material expelled away from the system during the AGB stage forms a slowly expanding
circumstellar shell [4]. When the mass of the hydrogen-rich envelope drops to =<103Mg, it starts to
contract at a constant luminosity. This contraction phase causes an increase in effective temperature and
at the same time leads to a radiatively driven wind which can compress the circumstellar shell and may
result in ionization of the circumstellar material. In other words, the star may become hot enough to
ionize its circumstellar material, observable as a planetary nebula (PN), in a few hundred years [5]. The
star at this stage is known as a post-AGB star. These have luminosity classes ranging from I (supergiant)
to 111 (giant) with spectral types from B to K. Typical post-AGB stars are expected to have luminosities
around 10°-10* Lo [6]. Masses of these objects are in the range 0.6Mg — 1 M. The star leaves the AGB
with Te< 5000 K . When it reaches Te> 30,000, it may ionize the remnant nebula.

In this paper, we study the physical properties of a far infrared cavity, that we investigated during a systematic
search on IRAS maps, located close to a carbon-rich post AGB star (PAGB 06-02) at -1.3° latitude. In section
2, we describe methods of calculation. A brief description of the result and discussion will be given in the
section 3. Finally, we conclude our results in the section 4.

2. Methods

We investigated a cavity-like structure in both 60 and 100 micron IRAS maps around a PAGB star. Fig.1(a),
and 1(b) are cavity images at 60 and 100 um whereas 1(c) is its contour map. We briefly describe a method for
calculation of dust color temperature and dust mass of the dusty environment around carbon-rich post
Asymptotic Giant Branch named PAGB06-02.
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Fig. 1: (a) and (b) IRAS 60 pm and 100 pm far infrared image of the core region of AGB 06-02 centered at R.A.
(J2000) = 06h 51m 54.02s, Dec. (J2000) = -01° 35' 43” and (c) Contour map of the cavity where major diameter
(AB) and minor diameter (CD) passing through minimum flux.

2.1. Dust Color Temperature Estimation

By using the IRAS 60 um and 100 um flux densities, Schnee et al.[7] calculated dust color temperature.
The flux density of emission at a wavelength A; is given by

2hc
Fi= | —————— | Nga AP Qi (1)

hc
(]

where B is the spectral emissivity index, Ng is the column density of dust grains, o is a constant i.e. free
parameter which relates the flux with the optical depth of the dust, and Q; is the solid angle subtended at
Ai by the detector. In Dupac et al. [8], there is an inverse relationship between temperature and emissivity
spectral index. We have with the assumptions that the dust emission is optically thin at 60 pm and 100
pm and that Qo~ Q100 (true for IRAS image), we can write the ratio, R, of the flux densities at 60 pm
and 100 pm as

144
e e -1

R=0.6G"H T (2)
e /T -1

The spectral emissivity index (P) depends on dust grain properties like composition, size, and
compactness. For a pure blackbody would have p = 0, the amorphous layer-lattice matter has p ~ 1, and
the metals and crystalline dielectrics have B ~ 2 which is used in our calculations. For a smaller value of
Tg, 1 can be dropped from both numerator and denominator of Eq. (2) and it takes the form

14
R==060H £ % ©)
. 5 4%
e d
_F(60um)
where , R = F(100pm)

Taking natural logarithm on both sides of Eg. (3) and solving it, we find the expression for the
temperature as

IN(R)=In 0.6*P [144/T4-240/T ]
=1n 0.6 C*P[-96/T]
—96

To= R < 0677} @
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F(60 um) and F(100 um) are the flux densities in 60 um and 100 um respectively and Eg. (5) can be used
for calculation of the dust grain temperature.

2.2. Dust Mass Estimation

Dust mass is another important physical quantity which is useful to analysis the cavity structure. We need
the known distance of the loops to calculate its dust mass which was provided in catalog of far infrared
loops in the galaxy [9].
For the calculation of dust mass, we first obtained the value of flux density (S,) at 100 um maps.
The dust mass is estimated using [10],
4ap | SyD?
Mdust - B(n, T)

30, ()

where, weighted grain size (a) = 0.1 pm, grain density (p) = 3000 kg m™, grain emissivity (Q,) = 0.0010
(for 100 um) [11].

The Planck’s function B(v, T), which is the function of temperature and frequency and is given by the
expression:

2hc 1
B(v, T)= el {hc_] (6)
o -

where, h = Planck’s constant, ¢ = velocity of light, v = frequency at which the emission is observed, T =

the average temperature of the region.

For 100 um wavelength, the expression for the dust mass (5) reduces to,
SyD? ]

()

We use equation (7) to calculate dust mass of the cavity.

3. Result and Discussion
3.1 Structure: Contour Maps

While going through the systematic search on IRAS maps, we discovered an isolated cavity in the 100
um and 60 pum at R.A. (J2000) = 06" 51™ 54.02° and Dec. (J2000) = -01° 35° 43”. With the help of the
software ALADIN2.5, we have studied physical properties (size, dust color temperature, dust mass, etc)
of the cavity. We selected contour level in such a way that it circles the cavity. The major axis, minor
axis and line passing through minimum temperature and minimum flux are shown in the Fig.1(b).

3.2 Flux Density and its Variation

By using ALADIN 2.5 software, the values of flux densities at 60pm and 100pum have measured. The flux
density distribution within the contour of the region of interest has studied. We plotted a graph between
flux at 100um and 60pum with the help of ORIGIN 5.0 which is shown in Fig.2(a). From the linear fit,
slope of the line was 0.25. The linear equation of the fitted line is, y=-2.87+0.25x. Using the slope of best
fitted plot, dust color temperature is found as 24.4 K which is slightly more than our calculated value.

Again distribution of flux at 100um of the pixels within the contour level with right ascension (R.A.) and
declination (Dec.) are plotted by using ORIGIN 8.0 and the graph is shown in Fig.2(b). Graph shows that
all the fluxes from minimum to maximum lie within the contour level. Most of the maximum flux regions
lie at the boundary.

3.3. Dust color Temperature and its Variation

Using the method of [7], we calculated dust color temperature of each pixel inner the outer isocontour in
the region of interest. We use the IRAS 100 um and 60 um FITS images downloaded from the IRAS
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server. For the calculation of temperature we choose the value of B = 2 following the explanation given by
[8]. Variation of temperature with corresponding R.A.(J2000) and Dec.(J2000) are plotted by using
ORIGIN 8.0 and the graph is shown in Fig. 3(a). Graph shows that temperature distributions are in
separate cluster but minimum temperature region is little bit shifted from minimum flux density which is
unusual behaviour. Such type of nature is obtained due to external factors.

Equation y=a+b*
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Fig.2: (a) The 100um verses 60um flux density in the region of interest and 2(b) Contour map at 100um flux density
where the AGB star is located at the center R.A. (J2000) = 06" 51™54.02%, Dec. (J2000) = -01°35' 43",

[ 20.50 20.05 19.61 19.16 1 ' ' : ' ' ' '
181 AGB 06-0 b) ]
60 - .
16 |f \
g | ®f \ §
S 5 1
S -4 Q36 1
b £
12 1
24 { E E
12+ i
1.8%1.89 [}
Distribution of Temp. . () . ry E Gaussian Center = 19.43 K E [}
1032 1031 1030 1029 1028 Py — L L L L .
R.A.(J2000) 186 189 19.2T (K)195 19.8 20.1 20.4

Fig. 3: (a) Contour map of dust color temperature and (b) Gaussian fit between dust color temperature and number
of pixels. The field is centered at R.A.(J2000)= 06" 51™ 54.02° and Dec. (J2000) = -01° 35° 43”.

The region in which minimum and maximum temperature is found in the range of 18.7K to 20.5K with
an offset temperature of dust 1.8K. Such a low offset temperature variation shows that there is symmetric
outflow or symmetric distribution of density and temperature. It further suggests that particles are
independently vibrating . The cavity may be in thermally pulsating phase. When this result is compared
with the result obtained in [12] where temperature variation is 20K to 22K so our result is also
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comparable with that result. In the contour map, minimum flux and minimum temperature region are
shifted which is due to some external factors possibly due to AGB wind. There is no good agreement in
case of temperature in the Gaussian fit (Fig. 3b) with offset 12.69 K.

3.4 Size of the Structure

Major and minor diameter of the structure can be easily calculated by using a simple expression i.e., L =
R x 6, where R = 6.11kpc is the distance of the structure [9 ] and 6 = pixel size (in radian). After
calculation the major and minor diameter of the cavity region are found to be 103.3 pc and 33.1 pc
respectively. Thus, the size of the structure is 103.3 pc x 33.1 pc.

3.5 Dust Mass Estimation and its variation

For the calculation of dust mass, we need the distance to the region of interest. The distance of the
structure is 6.11kpc [9]. By using the temperature of each pixel and corresponding distance of the
structure, we calculated mass of each pixel. Average mass of each pixel is 5.6x10% kg and total mass of

the structure is 2.5 x 10% kg i.e 12.6M ©. But mass of dust obtained around white dwarf WD 1003-44 in
[12, 5] is 0.08M ©. It means mass of dust around AGB Star is less than White Dwarf.

[7.210E28 6.428E28 5.645E28 4.863E28 4.080E28

T T T T
18- AGB 06-02 150 I 1
0
120 - -
1.6
g | wof { ]
= £
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8 2 60 |- E
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| Gaussian Center = 5.7x10%kg *
Distribution of mass | . (@) L, or | . . . * 1
103.20 103.05 102.90 102.75\ Q) e seem 6.00E+028 700E+028  B.00E+028
R.A.(J2000) M,(kg)

Fig.4: (a) contour map of dust mass and (b)Gaussian fit between mass and number of pixels. The field is centered at
R.A.(J2000)= 06" 51™ 54.02% and Dec. (J2000) = -01° 35° 43”.

Distribution of dust mass of the pixels within the selected contour level with R.A. (J2000) and
Dec.(J2000) are plotted in contour map by using ORIGIN 8.0. Graph obtained is shown in Fig.4(a) which
shows that minimum mass region didn't lie at the maximum temperature region in the selected contour
which is unusual trend and is possibly due to AGB wind. There is around good agreement in case of dust
mass where offset mass is 1.6 kg. Graph 4(b) is the Gaussian fit between mass and number of
pixels where offset mass is 1.6 kg.

4. Conclusion

The physical properties of the cavity-like structure that we investigated while searching an effect of AGB

wind around carbon-rich AGB stars. A study of flux density and dust color temperature maps mass of

dust was calculated. Our conclusions are as follows:

» The major and minor diameter of the cavity like structure was found to be 103.3 pc and 33.1 pc
respectively.
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The maximum temperature 20.5K was found at R.A.(J2000) = 102.85° & Dec.(J2000) = -1.36° and
minimum temperature 18.7K was found at R.A.(J2000) = 102.98° & Dec.(J2000) = -1.55° with offset
of 1.8K. The small value of dust color temperature in the cavity suggests a continuous process by
which cavity is supposed to be formed. Low offset in the temperature hints that there is symmetric
outflow or symmetric distribution of density and temperature.

In general, minimum flux and minimum temperature lie at same point in the pixel and in this case
nearly normal condition is achieved. Similarly maximum temperature and minimum mass region lie
nearly at same region which is normal behavior.

+ Average mass of each pixel is 5.6x10%®kg and total mass of the cavity is 2.5x10%kg.

We intend to study the role of cabon-rich PAGB star to form the far-infrared cavity in the future.
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Abstract

A systematic search of dust structure in the far infrared (100 pm and 60 pum) under Infrared
Astronomical Satellite (IRAS) survey was performed using Sky View virtual Observatory. In order to
find the possible candidate of cavity structure not yet studied, we used SIMBAD database to locate
discrete sources in the region. A new relatively symmetric spherical cavity like structure (size: 44.4 pc
x 19.4 pc) at R.A.(J2000) =08" 03™ 01.65°, Dec.(J2000) = -36" 35' 47.9" was found at the distance of
about 2800 pc. In this article, we have calculated dust color temperature, dust mass and size. We also
studied the flux density variation and then calculated temperature and mass profile of the dust of p-
AGB star using data reduction software Aladin2.5 and Aladin8.0. We have studied a cavity like
structure centered at R.A.(J2000) = 08" 04™ 07.21°, Dec.(J2000) = -37° 11' 48.0". The dust color
temperature is found to lie in the range 21.6 + 0.09 K to 22.5 £ 0.05 K with an offset of 0.9 K. Such
low off set suggests that the post AGB is in local thermodynamic equilibrium. The total mass of the
dust in the cavity structure is found about 5.93 x 10* Kg (0.00003MQ)

Keywords: AGB Stars; dust color temperature; dust mass; post AGB star; inclination angle.

1. Introduction

Low-to-intermediate mass stars end their life on the asymptotic giant branch (AGB) star. AGB stars
are the main distributors of dust into the interstellar medium due to their high mass loss rates in
combination with an effective dust condensation. It is therefore important to understand the dust
formation process and sequence in their extended atmosphere [1]. An evolutionary phase in which the
star sheds most of its mantle into the circumstellar environment through a stellar wind. This stellar
wind expands at relatively low velocities and enriches the interstellar medium with elements newly
made in the stellar interior. The physical processes controlling the gas and dust chemistry in the
outflow, as well as the driving mechanism of the wind itself, are poorly understood and constitute the
broader context. When helium in the core is used up, energy production shifts to helium burning in a
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shell. The outer layers of the star expand. The star evolves towards the early-asymptotic giant
branch (AGB) and becomes a red-giant for the second time. The expansion of the outer layer
extinguishes the hydrogen-burning shell in the intermediate-mass stars, which causes the convective
envelope to move inward for a second time. This second dredge-up brings the hydrogen burning
products, mainly helium and nitrogen, to the surface but it does not occur in low mass stars since the
hydrogen-burning shell is not extinguished.

Following the helium exhaustion in the shell, the hydrogen-burning shell takes over until enough
helium has been produced. When the helium shell is sufficiently massive, it will re-ignite and new
helium-burning will control the evolution. The helium-burning shell is known to be thermally
unstable and it undergoes thermal pulses recurrently. This is the thermally-pulsing AGB (TP-AGB)
phase, characterised by two nuclear burning shells surrounding an electron-degenerate carbon-oxygen
core and a deep convective envelope. According to [1], thermal pulses may occur in both low- and
intermediate mass stars and huge amounts of energy are released. This allows envelope convection to
penetrate to the inter-shell region and mix carbon and oxygen enriched material to the surface (third
dredge-up). It is important to note that mixing events occurring during these thermal pulses are
responsible for the transport of carbon and s-process elements to the surface [2]. It is also equally
important to note that observed abundances of post-AGB stars are mostly determined during this stage
of mixing episodes driven by consecutive thermal pulses.

During AGB evolution, the helium-burning shell is thermally unstable and causes energy bursts called
thermal pulses or flashes repeating apparently every 105 years leading to the development of a
convective zone in the shell (3). The phase where hydrogen-shell burning dominates is known as the
“inter-pulse phase” which is interrupted by the helium-shell instabilities. The thermal pulse drives a
convection zone between the helium and hydrogen burning shells. The fusion products of the helium-
burning shell including 12C and some 160 are mixed throughout this region. Once a thermal pulse
has occurred, a huge amount of energy is released.

Low to intermediate-mass stars cross the HR diagram horizontally from the tip of the asymptotic giant
branch (AGB) to the planetary nebula (PN) region after they terminate a rapid mass-loss phase. This
transition phase is called post-AGB phase of evolution. From an analysis of the IRAS point source
catalog, several post-AGB stars have been identified [4, 5]. The spectral energy distribution (SED) of
post-AGB stars is double peaked. One peak is at far-infrared wavelengths due to the cold dust shell
(100-200 K) and the other peak is at shorter wavelengths, optical or near-infrared, from the obscured
central star. The cold dust-shell was observed by IRAS. Most of the post-AGB stars, proto-planetary
nebulae (PPNe) and PNe were found within the IRAS color box defined by F(12 um)/F(25 pm) < 0.3
and F(25 pm)/F(60 um) > 0.3 [6].

In this paper, we study the physical properties of a far infrared cavity, that we investigated during a
systematic search on IRAS maps, located close to a carbon-rich post AGB star (PAGB 08-36) at -30
galactic latitude. In section 2, we describe methods of calculation. A brief description of the result and
discussion will be given in the section 3. Finally, we conclude our results in the section 4.

2. Methods

We investigated a cavity-like structure in both 60 and 100 micron IRAS maps around a p-AGB star.
Fig.1(a), and 1(b) are cavity images at 60 and 100 um whereas 1(c) is its contour map. We briefly
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describe a method for calculation of dust color temperature and dust mass of the dusty environment
around carbon-rich post Asymptotic Giant Branch named p-AGB08-36[7].

2.1 Dust Color Temperature

For the calculation of dust color temperature, we adopt the method proposed by Schnee et al. (2005)
[8] and Dupac et al. (2003)[9]. According to Schnee et al. (2005)[8], dust color temperature of the
emission at a wavelength Ai is given by

-96
Ta = Rx06C™H) (1)
_ F(60 pm)
where , R= F(100 pm)

Fig. 1: (a) & (b) IRAS 60 pm and 100 pm far infrared image of the core region of AGB 08-36
centered at R.A. (J2000)= 08" 04™ 07.21° and Dec.(J2000) = -37° 11' 48.0", and (c) Contour map of
the cavity where contour level is 1-50.

F(60 pm) and F(100 pm) are the flux densities in 60 pm and 100 pm respectively and Eq. (1) is used
for calculation of the dust color temperature. The spectral emissivity index (B) depends on dust grain
properties like composition, size, and compactness. For a pure blackbody would have B = 0, the
amorphous layer-lattice matter has B ~ 1, and the metals and crystalline dielectrics have f ~ 2 which
is used in our calculations.

2.2 Planck's Function

The value of Planck's function depends on the wavelength (frequency), and hence the temperature.
Finally it is used to calculate dust mass. In 1900, Planck proposed a relation which is named as
Planck's function. According to him, the Planck's function is given by

B®,T) =25 [ - ] ()

-1
AKT

where, h = Planck’s constant, ¢ = velocity of light, v = frequency at which the emission is observed,
A = wavelength of the radiation and T = temperature of each pixel.

2.3 Dust Mass

For the calculation of dust mass, first we need the value of flux density (Fv) at 100 pm maps and we
use the expression given by Hildebrand (1983)[10],
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4ap
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where, weighted grain size (a) = 0.1 pm, grain density (p) = 3000 kg m™, grain emissivity (Qv) =
0.0010 (for 100 um) [11]. So the equation (3) reduces to

S,D?
Mgyse = 0.4 BT 4)

We use equation (4) to calculate dust mass of the cavity.

2.4. Inclination angle

The long axis of KK-loops can be assumed to be inclined by a certain angle with respect to the plane
of the sky. The inclination angle i (angle between the line-of-sight and the normal vector of the plane
of the loops) can be estimated using Holmberg (1946) [12] formula:

b2

Cos?i = &= (5)

where b/a is the measured axial ratio and q is the intrinsic flatness of the cavity. We use the value of
intrinsic flatness q = 0.33 as suggested by Holmberg (1946) for oblate spheroid structure.

3. Results and Discussion
3.1 Structure: Contour Maps

While going through the systematic search on IRAS maps, we found an isolated cavity in the 100 um
and 60 pm at R.A. (J2000)= 08" 04™ 07.21° and Dec.(J2000) = -37° 11' 48.0". With the help of the
software ALADIN?2.5, we have studied physical properties (size, dust color temperature, dust mass,
etc) of the cavity. We selected contour level in such a way that it circles the cavity. The contour map
in the contour level 1-50 is shown in the fig.1(c).

3.2 Flux Density and its Variation

By using ALADIN 2.5 software, the values of flux densities at 60um and 100um have measured. The
flux density distribution within the contour of the region of interest has studied. We plotted a graph
between flux at 100um and 60pm with the help of ORIGIN 5.0 which is shown in fig.2(a). From the
linear fit, slope of the line was 0.2. The linear equation of the fitted line is, y=-1.9 + 0.2x. Using the
slope of best fitted plot, dust color temperature is found as 23 K which is slightly more than our
calculated value.

Again distribution of flux at 100pum of the pixels within the contour level with right ascension (R.A.)
and declination (Dec.) are plotted by using ORIGIN 8.0 and the graph is shown in fig.2(b). Graph
shows that all the fluxes from minimum to maximum lie within the contour level. Most of the
maximum flux regions lie at the boundary.

3.3. Dust color Temperature and its Variation

Using the method of [8], we calculated dust color temperature of each pixel inner the outer isocontour
in the region of interest. We use the IRAS 100 um and 60 pm FITS images downloaded from the
IRAS server. For the calculation of temperature we choose the value of B = 2 following the
explanation given by [9]. Variation of temperature with corresponding R.A.(J2000) and Dec.(J2000)
are plotted by using ORIGIN 8.0 and the graph is shown in figure 3(a). Graph shows that temperature
distributions are in separate cluster but minimum temperature region is little bit shifted from
minimum flux density which is unusual behaviour. Such type of nature is obtained due to external
factors. Graph 3(b) is the Gaussian fit between dust color temperature and number of pixels with
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offset temperature 0.98 K. This Gaussian fit more or less follow the Gaussian distribution with

positive skewness.
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Fig.2(a): The 100um verses 60um flux density in the region of interest and 2(b) Contour map at
100pm flux density where the AGB star is located at the center R.A. (J2000)= 08" 04™ 07.21° and
Dec.(J2000) = -37° 11' 48.0".
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Fig. 3: (a) Contour map of dust color temperature and (b) Gaussian fit between dust color
temperature and number of pixels. The field is centered at R.A. (J2000)= 08" 04™ 07.21° and
Dec.(J2000) =-37° 11' 48.0".

The region in which minimum and maximum temperature is found in the range of 21.6 K to 22.5 K
with an offset temperature of dust 0.9 K. It suggests that particles are independently vibrating . The
cavity may be in thermally pulsating phase. When this result is compared with the result obtained in
[13] where temperature variation is 20K to 22 K so our result is also comparable with that result. In
the contour map, minimum flux and minimum temperature region are shifted which is due to some
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external factors possibly due to AGB wind. There is good agreement in case of temperature in the
Gaussian fit with offset 0.98 K.

3.4. Size of the Structure

Major and minor diameter of the structure can be easily calculated by using a simple expression i.e., L
= R x 0, where R = 2.8 kpc is the distance of the structure [7 ] and 6 = pixel size (in radian). After
calculation the major and minor diameter of the cavity region are found to be 44.4 pc and 19.4 pc
respectively. Thus, the size of the structure is 44.4 pc x 19.4 pc.

3.5. Dust Mass Estimation and its variation

For the calculation of dust mass, we need the distance to the region of interest. The distance of the
structure is 2.8 kpc [7]. By using the temperature of each pixel and corresponding distance of the
structure, we calculated mass of each pixel. Average mass of each pixel is 8.7 x 10”7 kg and total mass
of the structure is 4.3 x 1030 kg i.e 2.16 Mo.. But mass of dust obtained around white dwarf WD

1003-44 in [12] is 0.08 Mo.. It means mass of dust around AGB Star is less than White Dwarf.

-37.4
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Dec.(J2000)
number

&
N
<)
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| | 8.320E27

7.785E27

-36.8 Gaussian Center =8.7 x 107 (kg)
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121.4 121.2 121.0 120.8 1 L 1 n 1 s
R.A.(J2000) 8.00E+027 8.50E+027 M, (kg) 9.00E+027 9.50E+027

Fig.4: (a) Contour map of dust mass and (b) Gaussian fit between mass and number of pixels. The
field is centered at  R.A. (J2000)= 08" 04™ 07.21° and Dec.(J2000) = -37° 11' 48.0".

7.250E27
" 1

Distribution of dust mass of the pixels within the selected contour level with R.A. (J2000) and
Dec.(J2000) are plotted in contour map by using ORIGIN 8.0. Graph obtained is shown in fig.4(a)
which shows that minimum temperature region is massive which suggests that it follows cosmological
principle means distribution of dust mass is homogeneous and isotropy. Graph 4(b) is the Gaussian fit
between mass and number of pixels with standard error +o. Fitted Gaussian fit of dust mass follow the
Gaussian distribution and suggests symmetric behaviour.

4. Conclusion

The physical properties of the cavity-like structure that we investigated while searching an effect of

AGB wind around carbon-rich AGB stars. A study of flux density and dust color temperature maps,

mass of dust, size of the cavity and inclination angle was calculated. Our conclusions are as follows:

* The major and minor diameter of the cavity like structure was found to be 44.4 pc and 19.4 pc
respectively so size of the cavity is 44.4 pc x 19.4 pc.
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*  The maximum temperature 22.5+0.05K was found at R.A.(J2000) = 121.040 & Dec.(J2000) = -
36.940 and minimum temperature 21.6£0.09 K was found at R.A.(J2000) = 121.290 &
Dec.(J2000) = -36.980 with offset of 0.9K. The small value of dust color temperature in the cavity
suggests a continuous process by which cavity is supposed to be formed. Low offset in the
temperature hints that there is symmetric outflow or symmetric distribution of density and
temperature.

* In general, minimum flux and minimum temperature lie at same point in the pixel and in this case
nearly normal condition is achieved. Similarly maximum temperature and minimum mass region
lie nearly at same region which is normal behavior. It means their distribution follow
cosmological principle

+  Average mass of each pixel is 8.7 x 10?” kg and total mass of the cavity is 4.3 x 10°° kg.

* The inclination angle (i) of the cavity is found to be and 840 suggesting that the cavity will be in
face-on (i = 0°) when it is rotated through 60 from northern to southern direction (it is assumed
that the cavity is in the sky plane).

We intend to study the role of cabon-rich PAGB star to form the far-infrared cavity in the future.
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