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ABSTRACT

This study performed an investigation of a dust environment, in the far-infrared
bands (60 and 100 µm) of Infrared Astronomical Satellite (IRAS) survey, using
the Sky View Virtual Observatory (https://skyview.gsfc.nasa.gov/current/). A far-
infrared cavity structure (depression in the far-infrared background emission) of
major diameter ∼ 61.8 pc and minor diameter ∼ 46.5 pc, in the sky coordinate,
R.A. (J2000) = 21h 32m 44.47s and Dec. (J2000) = +55d 15m 16.8s, at a distance
∼ 3.58 kpc was found to lie around a carbon-rich Asymptotic Giant Branch star.
We studied the temperature and mass of the dust, radiation intensity distribution,
visual extinction, and far-infrared spectral distribution of the cavity structure using
the softwares Aladin v2.5, SalsaJ, and ORIGIN 8.5. The range of temperature of
dust was observed between 22.24 ± 0.81 K to 23.27 ± 0.21 K, and the entire mass of
the cavity was determined to be 2.19 × 1031 kg. In addition, the fluctuating nature
of the dust color temperature and Planck function was observed along major and
minor diameters of the structure. Moreover, an opposite relationship of dust color
temperature and visual extinction was found within the structure. Finally, from
the far-infrared spectral distribution, abrupt reduction at 60 µm flux rather than
a continual increase was observed, the connection between the AGB wind and the
ambient interstellar medium could be the possible reason behind this. Our results
obey the similar trends obtained for the other cavity structures in the previous
studies; these findings validate the existing results for a new cavity structure around
AGB star within the galactic coordinate -60 < b < +60.
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1. Introduction

The final phase of low and intermediate-mass (M<10M⊙) stars produced by nuclear
burning, take shape as a red giant in the Hertzsprung-Russell diagram, is called
Asymptotic Giant Branch (AGB) stars (Herwig, 2005; Gautam and Aryal, 2019a).
In the early AGB (E-AGB) phase, after the star’s supply of He for fusion in its core
runs out, it draws energy through He fusion in a shell around the inert carbon core.
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Later, with intermittent burning of the hydrogen and He-shells, the star enters the
thermally pulsing (TP-AGB) phase (Gautam and Aryal, 2020). The time scale for
occurring thermal pulses is about 104-105 years (Prantzos, 2011). AGB stars start los-
ing their complete envelope, completing their evolution as White Dwarfs (WD); the
circumstances are often suitable for the condensation of gas molecules into dust during
the AGB stage, which is characterized by heavy mass loss (Ventura et al. 2012).

The major source of dust is assumed to be AGB stars in the interstellar medium (ISM)
(Seiss & Pumo, 2006; Gautam & Aryal, 2019a). The interstellar extinction curve first
justified the evidence of dust in the ISM. Shock waves released by the severe pul-
sation expand the outer layer of an AGB star, leading to improved dust formation
conditions; further, stellar winds may be driven by the radiation pressure on recently
created dust grains with extreme mass-loss rates of 10−8-10−4 M⊙yr

−1 (Bowen, 1988;
Gautam & Aryal, 2019a). Due to dusty stellar winds and the growth of a central star,
cold and slowly spreading (10-30 km/s) dust envelopes encircle AGB stars throughout
the AGB phase (Gautam & Aryal, 2019a). The surrounding of AGB stars is called a
natural laboratory because it serves as hints about its effect in the ISM; in addition,
the cavity-forming mechanism can be revealed from the observation of the interaction
of AGB wind and the ambient interstellar medium (Gautam & Aryal, 2019b).

Suh & Kwon (2009) presented a detailed catalog of AGB stars in IRAS PSC (Point
Source Catalogue). Wood et al. (1994) estimated optical depth, visual extinction of
dust, and developed an empirical formula connecting them, from the study of the im-
ages of nearly 100 dark molecular clouds using the all-sky dataset of IRAS at 60 µm
and 100 µm wavelength. By performing a study of brightness distribution at 60 and
100 µm IRAS sky survey of 462 far-infrared loops, Kiss et al. (2004) and Koenyves
et al. (2007) stated that such structures were probably generated by high-pressure
events, such as AGB wind, in the past. Aryal et al. (2010) discovered two massive
bipolar dust emission environments centered on PN NGC 1514 at far-infrared bands.
Aryal et al. (2006) found a new isolated cone-like interstellar nebula, dimensions of
∼140

′

, at 60 and 100 micron IRAS survey in the coordinate (R.A. = 08, Dec. = +25
(J2000); l = 1978, b = +316).

Gautam & Aryal (2019b) studied dust properties of four low latitude far-infrared
cavities, FIC01+55, FIC05+28, FIC06-05, and FIC06-01, situated within the 0.5o far-
infrared loops, G128-03, G182+00, G212-11, and G214-01, respectively. Dust color
temperature was found in a range of 18.4 K to 26.2 K. The Planck function had a
sinusoidal pattern along the minor and major diameters, revealing that the dust was
swinging. Jha et al. (2018) performed a study of dust color distribution of two new
cavity structures (sizes ∼ 2.7 pc × 0.8 pc and ∼ 1.8 pc × 1.0 pc) discovered in coor-
dinate R.A. (J2000): 14h 41m 23s and Dec. (J2000): -64d 04m 17s and R.A. (J2000):
05h 05m 35s and Dec. (J2000): -69d 35m 25s using IRAS and AKARI surveys. The
average temperature obtained using IRAS and AKARI differed by 3.2 ± 0.9K and 4.1
± 1.2K, respectively. A larger value of dust color temperature was found in a longer
wavelength AKARI map than in the IRAS map. Gautam & Aryal (2019a) observed
two far-infrared cavities, FIC04+61 and FIC11-54, nearby AGB stars, AGB0409+6105
and AGB1105-5451, respectively. The value of dust color temperature was estimated
between 19.4 to 20.6 K, and 21.4 K to 22.6 K. They found that the distribution of
dust mass was homogeneous and congruous. Further, they concluded that the product
of temperature and visual extinction was calculated to be Av × Td < 1, similar to
the previous findings. Another study by Gautam & Aryal (2020), found that the dust
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color temperature of a far-infrared cavity (size ∼ 2.55 pc × ∼ 0.77 pc) nearby the
AGB star at R.A. (J2000): 01h 41m 01s and Dec. (J2000): 71d 04m 00s is 19.7 K to
21.1 K, suggesting that the cavity has isolated and stable nature.

1.1. Far-Infrared Cavity

Using Sky View Virtual Observatory (http://skyview. gsfc.nasa.gov/), we performed
a methodical investigation at 60 and 100 microns IRAS survey to find a new cavity
structure. We investigated far-infrared cavities around the 1168 carbon-rich AGB stars
presented by Suh and Kwon (2009) in their catalog. We selected the far-infrared cavity
surrounded the AGB stars based on following the similar selection criteria as performed
by Gautam & Aryal (2019a): (i) At 100 µm IRIS maps, the central region of the
structure should have the lowest flux, (ii) the major width of the structure should be
greater than 0.3o (iii) it should maintain the position within 3o of C-rich AGB stars,
and (iv) it should be situated within the Galactic plane (-6o < b < 6o). For our study,
we selected a new far-infrared cavity namely FIC21+55 (size ∼ 61.8 pc × 46.5 pc)
in the coordinates at R.A. (J2000): 21h 32m 44.47s, Dec. (J2000): +55d 15m 16.8s
(galactic latitude, 2.66o) around carbon-rich AGB star, AGB21+54, located at R.A.:
21h 28m 58.56s, Dec.: +54d 33m 34.57s, about 3.58 kpc distance away (calculated using
parallax value given by Gaia DR2,https://www.cosmos.esa.int/web/gaia/dr2). Study
of dust properties in the ISM serves crucial reference for understanding dust status
around the various sources, and ultimately, it helps to upgrade our idea of shaping
mechanisms in the ISM. This paper studied the physical parameters; temperature and
mass of the dust, visual extinction, radiation intensity distribution, and far-infrared
spectral distribution of a new cavity structure. We compared our findings with the
previously studied structures to validate the existing results for a new cavity within a
same galactic plane, -6° < b < +6°.

2. Materials and Methods

We downloaded the FITS (Flexible Transport Image System) image of our cavity
structure at 60 and 100 µm. We processed it using the software Aladin v2.5. Contours
were drawn to separate the minimum flux region within the structure. The corre-
sponding flux at 60 and 100 µm at each pixel were measured in the region of interest.
Possible sources for the background flux were studied using the SIMBAD database
(https://simbad.u-strasbg.fr/simbad/). SalsaJ software was used to estimate overall
background flux. Background subtracted flux density at 60, and 100 µm were used
for the further measurements. Methods of calculating the temperature of the dust,
Planck function, the mass of the dust, structure size, and visual extinction of the
cavity structure around the AGB star are briefly discussed below.

2.1. Dust Color Temperature

Mathematical expression expressed by Wood et al. (1994), later revised by Arce &
Goodman (1999), Dupec et al. (2003), Schnee et al. (2005), was used for the calculation
of the dust color temperature. According to them, the formula to estimate the dust
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color temperature Td is given by,

Td =
−96

ln{R× 0.63+β}
where, R =

F (60 µm)

F (100 µm)
(1)

Where F(60 µm) and F(100 µm) represent the flux densities at 60 and 100 microns,
respectively. The value of β is known as the spectral emissivity index, and it is deter-
mined by grain properties including composition, size, compactness, etc. (Jha et al.
(2017); Jha & Aryal (2017); Jha et al., 2018; Gautam & Aryal, 2019b). A pure black-
body has a value of β = 0, amorphous layer-lattice matter has β ∼ 1, and the metals
and crystalline dielectrics have β ∼ 2 (Gautam & Aryal, 2020). We used β = 2 for our
calculation. Eq. (1) can be used for the estimation of the dust color temperature.

2.2. Planck Function

The expression for the Planck function is determined using wavelength (frequency)
and temperature. The value of Planck’s function was used for the evaluation of dust
mass. The formula for the Planck function is given by Beichman et al. (1998),

B(ν, T ) =
2hc

λ3

(

1

e
hc

λKT
−1

)

(2)

Where, h = Planck constant, c = velocity of light, ν = frequency at which the emission
was observed, T = dust color temperature of each pixel. Eq. (2) implies that for larger
wavelengths, the value of Planck function B(ν, T ) was greater than that of smaller
wavelengths. For the fixed temperature, if the wavelength of the image increases, the
range of B(ν, T ) becomes narrower.

2.3. Dust Mass

The dust mass is governed by the physical and chemical characteristics of the dust
grains, as well as dust temperature Td and the distance (D) to the structure. To
compute the dust mass, at first, we measured the flux at 100-micron IRAS maps, and
applied the Hildebrand’s formula (Hildebrand, 1983) given by,

Md =
4aρ

3Q(ν)
.
F (ν)D2

B(ν, T )
(3)

Where, a, ρ, and Q(ν) are the weighted grain size, grain density, and grain emissivity
respectively. F (ν) = f × 5.228 × 10−9 × MJysr−1, is the flux density of the region
of study. B(ν, T ) represents the Planck function calculated using equation (2). By
applying the constant values, a = 0.1 µm, ρ = 3000 kgm−3, and Q(ν) = 0.0010 for
100 µm and 0.0046 for 60 µm, respectively (Young et al., 1993), equation (3) takes
the form,

Md = 0.4
[F (ν)D2

B(ν, T )

]

(4)
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Equation (4) was used for the calculation of the dust mass of the selected cavity
structure.

2.4. Visual Extinction

Visual extinction can be obtained by using the technique of Wood et al. (1994). Ac-
cording to them, the expression for the calculation of visual extinction is given by,

Aν(mag) = 15.078[1− e−τ100/641.3] where, τ100 =
F (100 µm)

B(ν, Td)
(5)

Where τ100, F (100 µm), and B(ν, Td) are the optical depth at 100 µm wavelength,
the flux at 100 µm, and Planck function at 100 µm, respectively.

2.5. Size of the Structure

For the measurement of the major and minor diameter of the structure, we adopted a
similar method used by Gautam & Aryal (2019a). The expression for the calculation
of the size of the structure is given by,

R = D × θ (6)

where, D is the distance to the structure, and θ is the pixel size in radian.

3. Results and Discussion

Here we described the dust properties of a new cavity structure FIC21+55 (extension
∼ 61.8 pc and compression ∼ 46.5 pc) nearby AGB star AGB21+54

Figure 1. (a) JPEG image of the far-infrared cavity FIC21+55 at 100 µm and (b) Contour map at 100 µm

flux density of the cavity FIC21+55.

Fig. 1(a) shows the JPEG image of the far-infrared cavity FIC21+55. Black colored
pixels in the image represent the minimum relative flux density and white color at the
outer region indicates the maximum relative flux density at 100-micron wavelength
IRAS map. The + sign in the figure represents the center of the cavity. Fig. 1(b) illus-
trates the contour map of the distribution of flux density, with R.A. in the x-axis and
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Dec. in the y-axis, plotted using ORIGIN 8.5. The contour level contained the mini-
mum to maximum flux regions, however higher flux regions were held at the boundary.

We evaluated the flux density at each pixel from the FITS images of the structure at
60 and 100 microns IRAS maps using the application ALADIN v2.5. Flux density at
60 µm versus 100 µm was plotted using ORIGIN 8.5 as shown in figure 2(a). From
the figure, the positive linear relationship between the flux density at 60 µm and
100 µm can be seen. We found the value of slope and regression coefficient of the
linear fit was 0.20 and 0.84, respectively. The slope of the best-fitted plot was used to
calculate the average temperature within the structure and set errors. The ratio of
flux densities at 60 µm and 100 µm at each pixel was used in Equation (1) to calculate
dust color temperature at each pixel. The contour plot of the distribution of dust
color temperature utilizing ORIGIN 2.5 is presented in Figure 2(b). The temperature
distribution was found to be separated into different clusters. Interestingly, the
minimum temperature region was found to be moved away from the minimum
flux-region which is an uncommon nature; it might be happened possibly due to
external factors such as AGB wind (Tiwari et al., 2020). The temperature within
the region of interest was found to lie within the range 22.24 ± 0.81 K to 23.27 ±
0.21 K. We found a difference of about 1K which indicates that there is a symmetric
distribution of density and temperature and the particles are independently evolved
(Gautam & Aryal, 2019a). Figure 2(c) depicts the Gaussian fitting of dust color
temperature, which shows the Gaussian nature with Gaussian center 22.80 K. This
result shows a similar trend as in the results obtained by Jha et al. (2017); Gautam
& Aryal (2019a, b); Gautam et al. (2020); Tiwari et al. (2020); and Gautam & Aryal
(2020).

Planck function (radiation intensity) at each pixel was calculated using the
corresponding value of dust color temperature in equation (2). Further, equation (4)
was used to determine the dust mass at each pixel of the structure using the estimated
radiation intensity, flux at 100-micron IRAS map, and distance D = 3.58 kpc. The
average mass of the dust within the region of interest was found to be 2.28 × 1028 kg.
The total mass of the structure was reported to be 2.19 × 1031 kg. Figure 3(a) shows
the contour plot of the distribution of mass within the far-infrared cavity FIC21+55.
From the figure, it is seen that the lower temperature portion has a larger mass, and
vice versa. It indicates the homogeneous and isotropic trend of the mass distribution
within the structure (Gautam & Aryal, 2020). Figure 3(b) represents the Gaussian
fit of dust mass within the region of interest. It shows the Gaussian nature with the
Gaussian center at 2.27 × 1028 kg, our structure also supports a trend obtained for
the previous cavity structures of Gautam & Aryal (2019a); Gautam & Aryal (2020);
Tiwari et al. (2020).

The optical depth at each pixel of 100 µm wavelength was calculated using
flux density and Planck function at 100 µm in equation (6). The value of optical
depth was used in equation (5) to calculate visual extinction at each pixel within the
selected cavity. Figure 4(a) represents the contour plot of the distribution of visual
extinction within the structure. It shows the lower visual extinction for the higher
temperature and vice versa. Figure 4(b) represents the graph of the variation of visual
extinction (Av) with dust color temperature (Td) within the source FIC21+55. The
symmetric trend was seen with a correlation coefficient of -0.63. The plot of linear fit
revealed that the relationship between visual extinction and dust color temperature
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is Av × Td < 1. This result is also consistent with the previous studies performed by
Gautam & Aryal (2019b) and Gautam & Aryal (2020) for the similar structures.

Figure 2. (a) Linear fit of the 100 µm versus 60 µm flux density within the structure, (b) Contour map of the

distribution of dust color temperature in the cavity structure, and (c) Gaussian fit of dust color temperature
within the structure FIC21+55.

Figure 3. (a) Representation of distribution of dust mass within the cavity structure using contour plot and
(b) Gaussian fitting of dust mass versus number within the cavity structure FIC21+55.

Figures 5(a) and 5(b) portray the dust temperature and radiation intensity distribu-
tions, respectively, in the larger diameter. The variation of dust color temperature
and Planck function in the smaller diameter is displayed in Figures 6(a) and 6(b),
respectively. The sinusoidal fit, along extension and compression sides, of a dust
color temperature and radiation intensity implies that the particles show oscillating
behavior (Gautam et al., 2020); this result is consistent with the previous findings
of Gautam & Aryal (2019a). The non-symmetric trend of the variation of dust
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temperature and Planck function in both diameters signals that since the particles
are not in thermal equilibrium, they fluctuate to attain the dynamical equilibrium
(Jha & Aryal, 2018).

The plot of wavelength and flux density is known as the spectral distribution.
We analyzed the spectral distribution around the region of interest; the plot is shown
in Figure 7. It has a positive slope in the transitions from the wavelengths 12 to 25
microns as well as 60 to 100 microns; however, a negative slope was noticed in the
transition from 60 to 100 microns, suggesting lower dust particles number density at
60-micron band. Possibly, as a consequence of the interplay between the AGB wind
and the ambient interstellar medium, the far-infrared cavity has a notable drop at
60-micron flux density instead of a continuous rise. We found a similar nature in the
spectral distribution in the previously studied cavity structures by Jha et al (2017)
and Gautam & Aryal (2019a, b).

Figure 4. (a) Representation of distribution of visual extinction (Av) within in the region of interest using

contour plot, and (b) Linear fitting of the values of Td and Av within the structure FIC21+55.

We also calculated the major and minor diameters of the selected far-infrared cavity
using equation (7). Distance (D) = 3.58 kpc was used and the pixel size (in radian) of
the structure was measured using ALADIN v2.5. The distance of the major and minor
axis of the structure was measured to be 61.8 pc and 46.5 pc, respectively. Hence, the
size of the structure was estimated as 61.8 pc × 46.5 pc.

Figure 5. (a) Sinusoidal fit of scatter plot between distance in the major axis and corresponding dust color
temperature, and (b) Sinusoidal fit of scatter graph between distance in major diameter and corresponding
Planck function within the structure FIC21+55.
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Figure 6. (a) Plot of sinusoidal fitting of dust color temperature over a distance in a minor axis, and (b)

sinusoidal fitting of Planck function corresponding to a distance in a minor axis of a cavity FIC21+55.

Figure 7. Far-infrared spectral distribution of a cavity FIC21+55 around the AGB star AGB21+54.

4. Conclusions

We identified a new far-infrared cavity, by carrying out a detailed analysis of the dust
structures at 60 and 100-micron IRAS survey around the C-rich AGB star. In addition,
we studied the physical properties of the dust structure within the region of interest by
using the softwares ALADIN v2.5, SalsaJ & ORIGIN 8.5 and comparatively analyzed
them with the previous findings of other similar sources within the same galactic plane
-6o < b < +6o. Finally, we conclude our results on the following points.

• The size of the structure was found to be 61.8 pc × 46.5 pc.
• Dust color temperature within the cavity structure FIC21+55 was found to lie
in the range 22.24 ± 0.81 K to 23.27 ± 0.21 K. An offset of about 1 K suggested
that there was a symmetric distribution of temperature. This further indicates
the structure has a higher possibility of being independently evolved (Jha et al.
2017; Gautam & Aryal, 2019a)

• The average dust mass within the structure was found to be 2.28 × 1028 kg, and
the total mass of the structure was 2.19 × 1031 kg.

• From the contour plots of dust color temperature and dust mass distribution,
we noticed that the minimum temperature region has maximum dust mass, sug-
gesting homogeneous and isotropic mass distribution within the cavity structure
(Gautam & Aryal 2019b, 2020).
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• From the plot of visual extinction and dust color temperature, lower visual ex-
tinction for the higher temperature was obtained and vice versa. The symmetric
trend was seen in the linear fit of Td and Av with the correlation coefficient -0.63.
The linear fit revealed the relationship, Av × Td < 1, between visual extinction
and dust color temperature, identical nature was obtained in the previous studies
of similar structures.

• Variation of dust color temperature and Planck function in both diameters (ma-
jor and minor) behaves fluctuating nature, obeying sinusoidal trend. This repre-
sents that particles are sinusoidally pulsating within the region of interest. This
trend was also described in the previous cavities.

• From the far-infrared spectral distribution, flux density at 60 µm was found to
be lower than at 25 µm and 100 µm. The interaction between AGB wind and
ambient interstellar medium might be a possible reason behind this significant
dip at 60 µm instead of a continuous increase in flux density.

Dust grains obscure the light from distant stars, tracks physical parameters (such as
Galactic magnetic fields and gas temperature) and have direct interaction with other
interstellar medium components (e.g. the formation of molecules and stars) (Williams
et al., 2005). It also influences the star formation process. Thus, study of dust around
different environments in the ISM is very important task. Dust properties trend nearby
different AGB stars can be revealed by a model from an extensive number of similar
works. Following these methods, comparative study of dust properties of other large
numbers of new cavity structures nearby ABSs, Pulsars, White Dwarfs (WDs) have to
be carried out in the future. It provides crucial information for a better understanding
of a dust grain status in the ISM. We believe this research work will contribute as a
block of references for future studies of the shaping process of the Interstellar Medium.
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