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Abstract: The dust properties of C-rich AGB (Asymptotic giant branch) star IRAS 19558+3333 located at right ascension 

(R.A.) (J2000) = 19�  57� 48.440� and Declination (J2000) = +33� 41�  21.250� was studied. The FITS image of this 

AGB star was obtained by SkyView Virtual Observatory in IRIS, AKARI, and WISE surveys respectively. The flux of 

ambient medium in the wavelength range of IRIS 60 𝜇𝜇m and 100 𝜇𝜇m, AKARI 90 𝜇𝜇m and 140 𝜇𝜇m and WISE 12 𝜇𝜇m and 

22 𝜇𝜇m was calculated along with the physical properties like dust color temperature, dust mass, Planck’s function and 

visual extinction of the candidate at a distance of 3415.420 pc. The minimum and maximum dust mass is found to be 

1.606×  10�� kg (8.030 × 10−10 M⊙), and 7.013 ×  10�� kg (3.506× 10−10 M⊙) in IRIS, 2.739 × 10�� kg (1.369×

10−8 M⊙), and 1.292 × 10�� kg (6.460 × 10�� M⊙) in AKARI and 2.297 × 10�� kg (1.148 × 10−10 M⊙) and 3.013 

× 10�� kg (1.506 × 10−11 M⊙) in the WISE survey and the dust color temperature of the corresponding C-rich star 

average value was found to be 24.230 ± 0.229 K in IRIS, 16.780 ± 0.189 K in AKARI and 123.750 ± 0.430 K in WISE 

survey. The temperature in WISE was higher than that of the AKARI and WISE surveys. 

 Keywords: Dust color temperature; dust mass; interstellar medium; Planck’s function. 

Introduction  

Interstellar matter accounts for nearly 15% of visible matter 

in our galaxy. ISM is composed of approximately 91% 

hydrogen, 8.9% helium, and 0.1% heavier elements other 

than hydrogen or helium. The ISM is divided into several 

phases that are distinguished by their densities, 

temperatures, and ionization fractions1-3. 

Asymptotic giant branch (AGB) stars are classified as either 

oxygen-rich or carbon-rich or silicon-rich based on the 

chemistry of their photosphere. In terms of properties, S 

stars are thought to be somewhere between O-rich and C-

rich stars. The mass loss of AGB occurs at the end of its 

lifetime. Over the last decade, several exciting aspects of 

AGB evolution have been revealed. There are two types of 

AGB stars: those that have not yet begun the thermal 

pulsing phase, known as early-AGB stars, and those that 

have begun the thermal pulsing phase, known as TP-AGB 

stars. The AGB star’s mass-losing stages were adjusted to 

account for the effect of dust. There are various (1168) 

objects of C-rich AGB stars discovered4-6. 

Jha and Aryal studied the properties of interstellar dust 

using the infrared survey in the region near the Pulsars7, Jha 

& Upadhyay studied dusty environments nearby AGB Star8 

and calculated dust temperature. Dust color temperature, 

Planck’s function have been determined by a few 

researchers nearby Far Infrared (FIR) loops9, FIR 

Cavities10. Gautam and Aryal11 reported a Study of a far 
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infrared cavity surrounding a post-AGB star under IRAS 

survey at galactic latitude -3� in earlier pertinent study. By 

utilizing the IRAS survey, they have studied many physical 

characteristics such as dust temperature, mass, and 

inclination angle. The dust color temperature and visual 

extinction distribution of a far infrared cavity at 60 µm and 

100 µm IRAS map around the AGB star at galactic latitude 

8.6o were also studied by Gautam and Aryal12. Gautam and 

Aryal13 also investigated the visual extinction near the AGB 

star at latitude 1.6o of the galaxy.  Gautam and Chhatkuli14 

and Joshi et al.15 have conducted related research at various 

galactic latitudes. 

Because of the fascinating nature of the ISM and AGB stars, 

we will take a broad and extended approach to each of the 

related topics, excavating the physics behind each physical 

property. Our work includes estimating the dust color 

temperature, dust mass, spectral density, and radiation 

intensity of a C-rich AGB star, and determining the type of 

AGB star, providing a broad area for studying the 

interaction of AGB stars and ISM matter. 

Materials and method 

The source name, right ascension, declination, and other 

characteristics were obtained via the Gaia archive 

(https://gea.esac.esa.int/archive/). The source coordinates 

were found using SIMBAD (https://simbad.u-

strasbg.fr/simbad/sim-fid) and Sky View Virtual 

Observatory 

(https://skyview.gsfc.nasa.gov/current/cgi/titlepage.pl) 

used those coordinates as input. We have downloaded our 

candidate's JPEG and FITS images at several wavelengths, 

such as 12 𝜇𝜇m and 24 𝜇𝜇m in WISE, 60 𝜇𝜇m and 100 𝜇𝜇m in 

IRIS, and 90 𝜇𝜇m and 140 𝜇𝜇m in AKARI. Aladin V2.5 and 

V11.5 were used to examine each pixel of the FITS images. 

After obtaining the flux value for each pixel in the FITS 

image, further calculations were done. 

Dust Temperature 

We have used the method of Dupac et al.16 and Schnee et 

al.17 to calculate the dust Color Temperature. 

 

 

For IRIS: 

The expression to calculate the dust color temperature for 

IRIS18 survey is: 

𝑇𝑇�  =  ���
�� ��×�.��(���)� 

  ……..…..(1) 

Where, flux density ratio, R, is given by: 

          R= �(����)
�(�����)

   ….................. (2) 

The flux densities at 60 μm and 100 μm, respectively, are 

F(60 μm) and F(100 μm). The spectral emissivity index 

value, β, is determined by dust particle parameters such as 

composition, size, and compactness. 

Here, 𝛽𝛽 = �
(��� �)  

Where 𝛿𝛿 and 𝜔𝜔 are free parameters. 

A pure black substance has a value of β =0, amorphous 

layer lattice matter has a value of β =1, and crystalline 

dielectric has a value of β =216,18 

For AKARI: 

The expression for dust color temperature in the AKARI 

survey is: 

𝑇𝑇�=  ���
����×�.��(���)� 

.................(3) 

Where, flux density ratio, R, is  

R= �(����)
�(�����)

   …...............(4)   

Here, F(90μm) and F(140μm) are the flux densities at 90 

μm and 140 μm respectively. 

For WISE: 

The expression for dust color temperature in the WISE 

survey is: 

   𝑇𝑇�= ����
�� ��×�.��(���)� 

 .................(5) 

Where, flux density ratio, R, is 

R=�(����)
�(����)

...................(6) 

Planck’s Function 

The Planck’s function is a well-known function, given by 

this equation, 

B(𝜐𝜐 ,𝑇𝑇�) = ����

�� � �

�
� ��

����
�

  ��

�….....................(7) 

where, 

h = Planck’s constant, c = velocity of light, ν = frequency at 

which the emission is observed, and 𝑇𝑇� the average 

temperature of the region15. 
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Dust mass 

The dust mass is estimated from the IR flux densities. The 

resulting dust mass depends on the physical and chemical 

properties of the dust grains, the adopted dust color 

temperature (𝑇𝑇�) and the distance (D)20-21. For the 

calculation of dust mass, first we need the value of flux 

density 𝐹𝐹�, 

𝐹𝐹�=NB(𝜐𝜐 , 𝑇𝑇�)Q(ν) �𝑎𝑎2

𝐷𝐷2      …..............(8) 

Where Q(ν) is grain emissivity index. The dust mass can be 

calculated as, 

𝑀𝑀�= ���
��(�)

�(�)��

�(�,��)
 ….................(9) 

Here,  𝛼𝛼  = weighted grain size, 𝜌𝜌  = grain density, Q (𝜈𝜈 ) = 

grain emissivity, 

 F(𝜈𝜈 )  = f ×MJy/sr ×5.288× 10−9, where 1 MJy/sr =1× 

10��  kg 𝑠𝑠�� and f = relative flux density measured from 

the image20 . 

Results and Discussion 

Map Projection 

 

 

 

Figure 1. Projection map of the source (a) IRIS, (b) AKARI, and (c) 

WISE survey. 

The position of our candidate in the entire galactic sphere 

as shown by the IRIS, AKARI, and WISE maps is shown 

in Figure 1 (a), (b), and (c). The candidate is located in 

northern hemisphere. 

A linear Fitting of Flux 

A best-fit line between IRIS F100 μm and F60 μm, AKARI 

F140 μm and F90 μm, and WISE F12 μm and F22 μm along 

the X-axis and Y-axis, respectively, represents the flux 

distribution in Figure 2 (a), (b), and (c). The greatest flux 

density zone is used to depict the most occupied area. In the 

context of IRIS, the flux is linearly distributed, and the 

slope, intercept, and correlation coefficient (r) are all 

calculated to be 0.320, -12.500, and 0.820 respectively.  

In AKARI, the flux is more concentrated in the middle, and 

the slope, intercept, and correlation coefficient (r) are all 

calculated to be 0.079, 69.880 and 0.420 respectively. In 

WISE, the flux is more concentrated in the lower left, and 

the slope, intercept, and correlation coefficient (r) are all 

calculated to be 0.026, 126.83, and 0.608 respectively. The 

key benefit of finding the best fit in various pixels is that it 

provides the ratio of lower flux to higher flux (R), which 

aids in determining the structure's temperature. 
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Figure 2. Scatter plots with linear best fit (a) IRIS: F100 μm vs F60 

μm, (b) AKARI: F140 μm vs 90 μm, and (c)WISE: F12 μm vs F22 μm. 

The dots indicate the flux, whereas the straight line provides the best 

fit line. 

Distribution of Dust Temperature 

 

 

 

Figure 3. The contour plot of (a) IRIS: R.A. vs Decl. versus 

Temperature (b) AKARI: R.A. vs Decl. versus Temperature (c) 

WISE: R.A.vs Decl. vs Temperature at R.A.= 19h 57m 48.449s  , Decl. 

= +330 41m 21.25s. The colour bar indicates the value of temperature. 

The contour map of temperature fluctuation from the IRIS, 

AKARI, and WISE surveys is shown in Figure 3 (a), (b), 

and (c). The IRIS survey determined that the average 

temperature was 24.230±0.229 K, with a maximum 

temperature of 24.930±0.229  K in some areas of the 

outside region and a minimum of 23.770±0.229   K in areas 

closer to the core. Similar to this, the average temperature 

in the AKARI survey was found to be 16.780±0.890 K with 

maximum temperature of 17.710±0.890 K in the center and 

minimum temperature of 16.780±0.890 K in the outer 

region. The maximum, minimum and average temperature 

in the AKARI survey were 125.110±0.430 K, 

122.550±0.430 K and 123.750±0.430 K respectively. Here 

the red colour shows the maximum temperature whereas the 

violet colour indicates minimum temperature. 

Distribution of Dust Mass 
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Figure 4. The contour plot of (a) IRIS: R.A.  vs Decl. Versus Dust Mass 

(b) AKARI: R.A.  vs Decl.  vs Dust Mass (c) WISE: R.A. vs Decl.  vs 

Dust Mass at R.A.= 19h 57m 48.449s , Decl. =+330 41m 21.25s. The 

colour bar indicates the value of dust mass. 

The contour map of the dust mass variation is shown in the 

Figure 4 (a) IRIS (b) AKARI and (c)WISE surveys. The 

average mass was found as 1.120×10�� kg, 1.930×10�� kg 

and 3.790×10��kg in IRIS, AKARI, and WISE 

respectively. The colour bar indicates that the distribution 

of mass is greatest in the core region and least in the outer 

region in all three surveys. In the IRIS survey, the 

maximum mass and minimum mass was found to be 

1.600×10�� kg and 7.010×10�� kg respectively. Likewise, 

the maximum and minimum mass in AKARI survey was 

found to be 2.730×10�� kg and 1.290×10�� kg respectively. 

The maximum and minimum value of dust mass was found 

to be 2.290×10�� kg and 3.010 ×10�� kg respectively. 

Planck’s Function distribution 

 

 

 

Figure 5.  The contour plot of (a) IRIS: R.A.  vs Decl.  vs Planck’s 

Function (b) AKARI: R.A.  vs Decl.  vs Planck’s Function (c) WISE: 

R.A.  vs Decl. vs Planck’s Function at R.A.= 19h 57m 48.449s, Decl. 

=+330 41m 21.25s. The colour bar indicates the value of Planck’s 

Function. 

Figure 5 (a), (b) and (c) shows the Planck’s function 

variation in the IRIS, AKARI, and the WISE survey. The 

Planck function depicts the spectrum density of 

electromagnetic radiation emitted by a body at a given 

temperature. The spectral density increases from violet to 

red as indicated by the colour bar. We can readily analyze 

the plot to determine that the region with higher flux density 

also has higher spectral density, and vice versa. In IRIS 

survey the maximum value of the spectral density was 
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found to be 1.240 ×10���W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻�� and that of 

minimum value found to be 

9.360×10�� W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻��. Similarly, in AKARI 

survey, we have calculated the maximum value of spectral 

density to be 4.370 ×10���W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻�� and minimum 

value as 1.907 ×10���W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻��. In the case of 

WISE survey, the maximum and minimum value of the 

spectral density was found to be 

2.011×10�� W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻�� and 

1.800×10���W𝑚𝑚 ��𝑠𝑠𝑠𝑠��𝐻𝐻𝐻𝐻�� respectively. 

Comparison with previous work 

Table1: Comparison of the dust temperature and mass of previous work. 

Previous work Source Survey Minimum 

Temp. (K) 

Maximum Temp. (K) Dust Mass 

(kg) 

Gautam 

et al.11 

AGB IRAS 21.6± 0 .09 22.5± 0.09 5.93× 1025 

Gautam 

et al.12 

AGB IRAS 19.7± 0 .35 21.1 ± 0.35 1.86× 1028 

Gautam et al.13 AGB IRAS 21.4 21.9 4×1027 

Joshi 

et al.15 

WD 1334-678 IRAS 17.70±  0.01 18.81± 0.01 1.1× 1025 

This Work IRAS 

19558+333 

IRIS, 

AKARI, 

and 

WISE 

(IRIS) 

23.77±0 .22 

(AKARI) 

16.78 ±0.89 

(WISE) 

122.55±0.43 

 

(IRIS) 

24.93±0.22 

(AKARI) 

17.71± 0.89 

(WISE) 

125.11± 0.43 

(IRIS) 

1.5×1029 

(AKARI) 

1.38×1030 

(WISE) 

6.27×1027 

We have got the similar result of dust mass and temperature in our study.

Conclusions 

The main aim of our experiment is to study the physical 

properties around AGB star such as dust mass estimation, 

dust color temperature, plank's function, and determining 

the type of AGB star and their relation around it. We have 

used three different surveys: IRIS, AKARI and WISE at 

different wavelength and studied three different structures 

around the AGB star. Following are the conclusion that can 

be drawn from our study. 

 The dust color temperature is found in the range 

between 23.770 ± 0.229 K to 24.230 ± 0.229 K in IRIS 

survey, 15.496 ± 0.190 K to 16.775 ± 0.019 K in 

AKARI survey and 122.550 ± 0.430 K to 125.119 ± 

0.043 K in WISE survey. The dust color temperature is 

higher in WISE as it has inverse relation with flux. 

From the lower value of standard error, it is concluded 

the star is in early AGB phase and the low temperature 

difference suggest it to be in thermal equilibrium. 

 The minimum and maximum dust mass is found to be 

1.606 × 10�� kg (8.030× 10−10 M⊙) and 

7.013×10�� kg (3.506× 10−10 M⊙) in IRIS; 

2.739×10�� kg (1.369 × 10�� M⊙) and 

1.292×10�� kg (6.460× 10−9 M⊙) in AKARI and 

2.297 × 10�� kg (1.148 × 10−10 M⊙) and 3.013× 

10�� kg (1.506 × 10−11 M⊙) in the WISE surveys 

respectively. The value of dust mass is higher in WISE 

as it has direct relation with flux. 

 The average visual extinction is found to be 8.190 

×10��� mag. in IRIS, 7.280 × 10��� mag. in AKARI 

and 8.370 × 10��� mag in WISE survey. We obtained 

a negative correlation coefficient, implying an inverse 

relationship between visual extinction and dust 

temperature. Such a low correlation value indicates a 

rapidly fluctuating nature attempting to find 

equilibrium. 
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 The flux density is low in the middle part of the 

selected cavity of C-rich AGB star. This might be due 

to the presence of external factor. 
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