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Abstract 

Dust color temperature, Planck function, visual extinction and their distributions of two far infrared cavities (named 

FIC06+00 and FIC21+48) found to be located within 3
0
 around the AGB stars namely AGB0651+0031 and AGB2129+ 

4919 at the galactic plane are presented. Dust color temperature of the core region of the cavities are found to be (20.5±1.2) 

K to (22.0±0.8) K and (22.1±0.1) K to (22.6±0.4) K respectively. The product of dust color temperature and visual extinction 

is found to be consistent in the order of 10
-4

. The distribution of Planck function along the extension (major diameter) and 

compression (minor diameter) is found to be non-uniform means dust particles are oscillating sinusoidally in order to get 

dynamical equilibrium which may be the cause of grain temperature. It further suggests that the dust particles in the cavities 

might not be in the thermal equilibrium possibly due to pressure driven events specially nearby AGB stars. Negative slope in 

transition from 25 µm to 60µm is our finding regarding far infrared spectral distribution in the cavities. It suggests that the 

number density of dust particles are found to be less than expected in 60 µm region. 

 

Keywords: ISM, AGB Star, Dust, IRAS, Visual Extinction. 
 

Introduction 

An asymptotic giant branch (AGB) star is generally believed to 

be in the last evolutionary phases of a low and intermediate 

mass star (M ≤ 10M⊙). Most of the AGB stars can be identified 

as long-period variables (LPVs) with large amplitude pulsation. 

The strong pulsation produces shock waves which extend the 

outer layer of an AGB star for better condition of dust 

formation
1
. Newly dust grains may drive dusty stellar winds 

with high mass loss rates of 10
−8 

− 10
−4

M⊙/yr due to radiation 

pressure produced
2
. Due to such dusty stellar winds and 

evolution of the central stars during the AGB phase, the cool 

and slowly expanding (10−30km s
−1

) dust envelopes 

surrounding AGB stars are formed. AGB stars are believed to 

be the main source of major stellar objects which are able to 

significantly affect the integrated spectral energy distributions 

of star clusters and galaxies
3
. The asymptotic giant branch 

(AGB) phase is the final nuclear burning stellar evolutionary 

stage of low and intermediate mass (1–8 M⊙) stars and this 

stage is characterized by low surface effective temperatures 

(∼2000-3500K), high luminosity(∼1000-10,000 L⊙), intense 

mass loss (from 10
7

 to 10
4

 M⊙yr
1

)
4
. AGB stars are final 

nuclear burning stage of low and intermediate mass stars which 

may be considered as the primary source of dust in the 

interstellar medium (ISM)
5
. AGB wind interacts directly with 

the ISM because Low mass stars do not have a strong wind until 

they reach the AGB phase. The AGB wind interacts directly 

with the ISM, rather than with the stellar wind remnants from 

earlier evolutionary stages, as would be the case for more 

massive stars
6
. The collision between the stellar wind and the 

ISM results in the formation of a high density shell of swept-up 

interstellar gas, which is pushed outwards into the ISM. On the 

basis of degenerate core, AGB stars which are classified in to 

oxygen- rich (M-type) and carbon-rich (C-type)
5
. But in the 

catalog provided by Suh & Kwon
7
, (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 AGB star and its surroundings is the natural laboratory in 

which its effect in the interstellar medium can be studied. A 

catalog of AGB stars in IRAS PSC was developed where they 

were classified with coordinates of individual AGB stars which 

was the initial stage to find far infrared cavities nearby the AGB 

stars
7
. Two giant bi polar dust emission structures centred on 

PNNGC1514 at FIR wavelengths was found
8
. In another work, 

the PN NGC 2899 was located at the center of a huge 

quadrupolar cavity, whose directions of axes coincide with the 

directions of the main axes of the optical PN was noticed
9
. A 

new infrared nebula (R.A. = 08h 27m, Dec. =+250 54' (J2000) 

was detected)
10

, suggested that the pulsar PSRB0823+26 might 

be responsible for its shaping. 

 

Dust color temperature inside and outside of four far infrared 

loops nearby pulsars located within 1
0 

was presented by 

authors
11

. The measured dust color temperature of the core 

region was in the range (19.4±1.2) K to (25.3±1.7) K, where as 
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the range increased to (33±2) K to (47±3) K for the outer region. 

For this work, similar method for calculation of dust color 

temperature and Planck function has been used. In another 

study, dust color temperature of two far-infrared cavities was 

calculated using AKARI and IRIS maps
12

. Interestingly, they 

found that the longer wavelength AKARI map gives larger 

values of dust color temperature than that of the shorter 

wavelength IRIS maps. 

 

Far Infrared Cavities: Infrared two-colour diagrams were 

presented
7
 and found 3003 O-rich, 1168 C-rich, 362 S-type and 

35 silicate carbon stars in our Galaxy. To find far infrared 

cavities around the 1168 C-rich AGB stars at 60 and 100µm 

IRIS maps, a systematic search was performed by using Sky 

View Virtual Observatory, and selected two far infrared cavities 

for the study. For the selection of the cavities, following criteria 

were maintained: (i) the core region of the cavity should have 

minimum flux at 100µm IRIS maps, (ii) the major diameter 

should be > 0.3
0
 (iii) should be located within 3

0
 of C-rich AGB 

stars, (iv) should lie in the Galactic plane (−2
0 

< b < 0
0
), and (v) 

there should be no diffuse optical emission. The database of two 

far infrared (FIR) cavities is listed in Table-1. In the present 

work, it is intended to study flux density at four bands i.e., 12, 

25, 60 and 100 micron wavelength. Dust color temperature, 

visual extinction and the distribution of Planck function along 

the compression and extension of the cavities are measured and 

analysed. Finally, nature of FIR spectral distribution of the 

cavities are also studied. 

 

In this paper, the physical properties of two far infrared cavities 

found during systematic search on IRAS maps, located close to 

the AGB stars are studied. Selection criteria for the cavities are 

previously described. Methods of calculation, brief description 

of the result and discussion are discussed in separate sections 

and finally results are concluded in the section conclusion.  

 

Materials and methods 

Two far infrared cavities under 60 and 100 micron IRAS maps 

around the carbon-rich AGB stars were found. For calculation 

of dust color temperature, Planck function and visual extinction 

of the dusty environment around the Asymptotic Giant Branch 

stars, a method is briefly described. For it, we used the method 

of calculation for the dust color temperature and the Planck 

function were described Jha, A. K. et. al
11

. 

 

Dust Color Temperature: The dust color temperature of all 

pixels of selected two FIR cavities were calculated using 60 and 

100µm IRAS flux densities. For it, there is a simple and 

frequently used method
13

, and later it was improved by many 

authors
14,15

. Finally, the derived expression for dust color 

temperature Td is written as  

 

Td = 
−96

ln{R × 0.6
(3+β)

}
,         where , R = 

F(60µm)

F(100µm)
                (1) 

 

Here, β is the spectral emissivity index which depends on dust 

grain properties like composition, size, and compactness. β = 0, 

for a pure blackbody, β ∼ 1, for the amorphous layer-lattice 

matter and β ∼ 2 for the metals and crystalline dielectrics.  For 

this work, β ∼ 2 has been used in the calculations. 

 

Here, F (60µm) and F (100µm) are the flux densities in 60µm 

and 100 µm respectively and Equation (1) can be used for 

calculation of the dust color temperature. 

 

Planck Function: The value of Planck function depends on the 

wavelength (frequency), and hence dust color temperature. For 

calculation, formula for the Planck function is given by
16

, 

 

B(,T) = 
2h

3

c
2  







1

h

e
kT – 1

                                                        (2) 

where, h = Planck constant, c = velocity of light, ν = frequency 

at which the emission is observed, T = the average dust color 

temperature of the region. 

 

From Equation (2), it is clear from the expression that the value 

of Planck  function B(ν, T) for longer wavelength is higher than 

that of the shorter wavelength. Consequently, the range of B (ν, 

T) for fixed temperature (say ∆T) goes narrower if wavelength 

of the images increases. 

 

Table-1: The database of two far infrared cavities nearby AGB stars at the galactic plane. The first column represents name 

(FIChh+dd). The second and third columns give positions. The next two columns list the major (a) and minor (b) diameters of the 

cavities. The last column lists the name of nearby AGB star. 

FIC α(J2000) (deg) δ(J2000) (deg) a (deg) b (deg) Nearby AGB 

FIC06+00 06h 49m 47.1s 00
0
 31' 32.4" 0.4 0.2 AGB0651+0031 

FIC21+48 21h 31m 53.7s 48
0
 59' 07.5" 0.3 0.2 AGB2129+4919 
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Visual Extinction: For estimation of visual extinction of the 

core region of the cavities, an empirical formula was provided
12

. 

According to them, the formula is written as is optical depth at 

100µm wavelength. Here Fλ is flux density and Bλ is Planck 

function at 100µm wavelength. 
 

Av(mag) = 15.078 [1 – exp (–100/641.3)]                                 (3) 
 

where, 100 = 
F(100 mm)

B(100 mm‚ Td)
                                                   (4) 

 

Results and Discussion 

We describe the physical properties of two FIR cavity 

candidates and compare them with the previously published 

works. 

 

FIC06+00: The cavity FIC06+00 was located at R.A. (J2000) = 

06h 49m 47.1s, Dec.(J2000)= 00
0
 32' 32.4" (l =212.3

0
 and b = 

−0.1
0
). The cavity was elongated along north-south direction 

and compressed along east-west direction. Size of the cavity and 

position angle were found to be 0.40×0.20 and 297.1
0
 

respectively. Figure-1(a) shows the cavity FIC06+00 at 100µm 

IRIS map. There were 132 pixels in the region of interest. The 

values of flux densities at 12m, 25m, 60µm and 100µm were 

obtained by using FITS images in the ALADIN2.5 software. 

Flux densities at 60µm versus 100µm were plotted in Figure-

1(b). The slope of best fit line was used to calculate the errors in 

the calculation of dust color temperature. Dust color 

temperature (Td) of each pixel was calculated by using 

Equation-(1) and found in the range (20.5±1.2) K to (22.0±0.8) 

K. In the dust color temperature map, Figure-1(c), the central 

region showed north-south elongation representing region of 

temperature minima. Figure-1(d) showed distribution of dust 

color temperature of the cavity and found to be deviated from 

the Gaussian distribution. It showed positive skewness means 

more data are distributed in left sides. It is due to strong role of 

nearby AGB stars in the formation of cavity. Figures-1(e,f) 

showed the variation of Planck function along the extension 

(major diameter passing through flux minima at 100µm) and 

compression (minor diameter passing through flux minima at 

100µm) of the cavity. It showed that Planck function was not 

distributed uniformly. It means, observed distribution of Planck 

function was found to be fluctuating non-uniformly along both 

major and minor diameters, suggesting sinusoidal distribution. 

 

B(,T) = B0 + A sin   









D – Dc


                                (5)  

where B0, A, Dc and  represent offset, amplitude (A > 0), 

phase shift and period, respectively. In both cavities, the values 

of B0, A, Dc and  for major and minor diameters are shown in 

the Figures-1(e,f). On comparing Figures-1(c,g) to each other, it 

is found that higher the dust color temperature , lower the visual 

extinction and vice-versa. Such type of behavior was also 

noticed 
17

. Figure-1(h) showed a systematic trend with excellent 

correlation coefficient between dust color temperature and 

visual extinction. Graphically, product of visual extinction and 

dust color temperature was found to be 1.010
-4

 K mag which is 

very close to the calculated value. 

 

FIC21+48: The cavity FIC21+48 is located at R.A. (J2000) = 

21h 32m 19.36s, Dec. (J2000) = 48
0
 43' 54.7" (l=92.7

0
 and b = 

−1.3
0
) with 43.5

0
 position angle.  Figure-2(a) showed the cavity 

FIC21+48 at 100µm IRIS map. There were 90 pixels in the 

region of interest. The values of flux densities at 60µm and 100 

µm are obtained by FITS image of the field using ALADIN2.5 

software. A scattering plot between flux density at 60 µm and 

100µm has shown in Figure-2(b). The slope of best fit was used 

to calculate the errors in the value of dust color temperature. 

Equation-(1) is used to calculate dust color temperature (Td) of 

each pixel of the cavities and found in the range (22.1±0.1) K to 

(22.6±0.4) suggesting that the cavities are in thermal isolation. 

In the dust color temperature map, Figure-2(c), minimum 

temperature region was found to lie at the boundary of north-

west part where as maximum temperature region lain at the 

eastern part of the cavity with north-south elongation. Figure-

2(d) showed dust color temperature distribution in the cavity. 

This distribution was found to be Gaussian like distribution 

means temperature distribution supports natural behavior. 

Figures-2(e,f) showed the variation of Planck function along the 

extension and compression of the cavity. It showed that Planck 

function was distributed non-uniformly. Since the observed 

distribution of Planck function was found to be fluctuating non-

uniformly along both major and minor diameters hence similar 

sinusoidal distribution as described in Equation-(5) was found. 

 

In both cavities, the values of B
0
, A, D

c
 and  for major and 

minor diameters are shown in the Figure-2(e ,f). When Figures- 

2(c,g) are compared, they show higher the dust color 

temperature, lower the visual extinction and vice-versa.. Figure-

2(h) showed a systematic trend with moderate correlation 

coefficient between them. Here, product of visual extinction and 

dust color temperature was found to be 1.210
-4

 K mag which is 

very close to the calculated value. 

 

The variation of wavelengths with their flux densities is called 

spectral distribution. The spectral distribution of the two far 

infrared cavities is shown in Figure-3. In one cavity, a 

significant rise from 12µm to 25µm and then a fall from 25µm 

to 60 µm was noticed but in another cavity, continuous increase 

in flux density with increase in wavelength was noticed. When 

comparing with the cavities studied
17

, a similar trend was 

noticed for cavity FIC05+00. But cavity FIC21+48 showed like 

skeleton nebula
10

 and MBM cloud
18

. A continuous rise with 

different slope was noticed for these nebula. It means, one FIR 

cavity emits less radiation at 60µm wavelengths than that of the 

nebular cavity. It suggests that the deficiency of materials (dust 

and grain) in the FIR cavities. These materials are expected to 

be swept away from the cavity due to AGB wind. 
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Figure-1: (a) JPEG image at 100 m wavelength of the far infrared cavity FIC06+00 centered at R.A. (J2000) = 06h 49m 47.1s, 

Dec (J2000) = 00
0
 31' 32.4". The symbol '+' represents the central position of the cavity and symbol '' represents the position of the 

AGB star (AGB06+00). (b) Flux at 100µm versus 60 µm plot. (c,g) are contour map of  dust color temperature and visual 

extinction. The contour levels are shown. The best fit equations are given (error in parentis). The distribution of Planck function 

along the extension (major diameter) (e) and compression (minor diameter) (f) of the cavity. The solid curves represent Gaussian 

(d), sine curve fitted (e,f) and linear  fitted line (b,h). 
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Figure-2: (a) JPEG image at 100m wavelength of the far infrared cavity FIC21+48 centered at R.A. (J2000) = 21h 32m 19.36s, 

Dec. (J2000) =48
0
 43' 54.7". The symbol '+' represents the central position of the cavity and symbol '' represents the position of the 

AGB star (AGB2129+4919). (b) Flux at 100µm versus 60µm plot. (c,g) are contour maps of dust color temperature and visual 

extinction. The contour levels are shown. The best fit equations are given (error in parentis). The distribution of Planck function 

along the extension (major diameter) (e) and compression (minor diameter) (f) of the cavity. The solid curves represent Gaussian 

(d), sine curve fitted (e, f) and linear fitted (b, h). 
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Figure-3: Spectral distributions of the two FIR cavities and a 

comparison with the far infrared cavity
17

. 

 

Conclusion 

Physical properties such as the dust color temperature, Planck 

function along the diameters, visual extinction and their 

distribution of two far infrared cavities located nearby AGB 

stars within 3.0
0
 radius at 60µm and 100µm IRAS maps were 

studied. Additionally, far infrared spectral distributions at 12 

m, 25m, 60m and 100m were also analysed. Conclusions 

of this paper are summarised as follows: 

 

The values of dust color temperature was found to lie in the 

range (20.5±1.2) K to (22.6±0.4) K. The contour map of dust 

color temperature and visual extinction showed that lower the 

temperature, higher the visual extinction and vice-versa. Both 

the cavities showed Gaussian like nature with positive skewness 

in the Gaussian fit of dust color temperature. A fluctuation in 

the distribution of Planck function along the major and minor 

diameters of the FIR cavities was noticed which suggests that 

the dusts might not be in the thermodynamic equilibrium 

locally. After sine curve fitting, dust particles were more or less 

oscillating sinusoidally. Product of visual extinction and dust 

color temperature was found to lie in the range 1.010
-4

 to 1.2 

10
-4

 mag K. FIR spectral distribution showed a significant 

decrease in the flux density from 25µm to 60 µm in FIC06+00  

cavity supported by KK-loops  but continuous increase in flux 

density in case of the cavity FIC21+48. 
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