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Abstract: We study the variation of dust colour temperature, mass of cavities located nearby white dwarf 

WD0531-022 and Galactic Infrared Loop G206-17. It is found that the temperatures of this cavity varies 25.15K 

to 25.66K. The dust colour temperature contour map, mass contour map, flux density contour map, visual 

extinction contour map, the flux density at 60µm versus 100 µm plot, Gaussian plot of dust colour temperature 

,and Gaussian plot of mass nearby  white dwarf is discussed.  
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1. Introduction 

 

 
 

The evolution of  star is shown in figure. Though, the star has different phase of evolution and different 

sizes, the radius is drawn to be same. First, the gas cloud is contracting rapidly in free fall (step 1).The radiation 

escapes easily from cloud due to low density. When density of gas increases, radiation transfer becomes difficult 

and tends to warm up the gas. The gas contracts until completely ionised, and star is called protostar and is in 

hydrostatic equilibrium (step 2). When the mass of star is less than 0.26Msun and state is in main sequence star, 

no stable white dwarf is formed (so steps 3 and 4 is not shown figure). 

When temperature of star is more than 4×10
6 

K and mass is greater than 0.26Msun and less than 1.5Msun 

(step 5) the center of tar  is in radiative (step 6).In this phase the hydrogen in the core changes to helium by 

proton proton  chain. At the end of main sequence, the helium is in the core and hydrogen in the shell (step 

7).The outer part expands and giant phase starts. The contracting helium is in degenerate form and temperature 

rises to 10
8
 K. By triple alpha process, the helium in the core changes to carbon continuously (step 8, 9, and 10 ) 

. The outer parts expands and star loses some its mass. The expanding envelope forms planetary nebula (step 11) 

and core becomes white dwarf (step 12) [ 1] .  

                                    
2. Literature Review 

Collimated jets are observed in a variety of astrophysical objects. They have been noticed in quasars, 

active galactic nuclei, stellar binaries, young stellar objects, planetary nebulae  (PNe)  and pulsars. However, 

despite large efforts, there is still no definite concurrence as to the mechanisms that give rise to the acceleration 

and to collimation of these jets. Herbig-Haro  (HH)  jets  (Bally & Reipurth 2002)  and jets in PNe  (Sahai 2002)  

are among the best studied classes and there is growing evidence that both probably not only share 

morphological similarities, but also the same basic physical principles [2,3]. R. Weinberger and B. Armsdorfer  

(2004 )  detected these adjacent objects while systematically searching for large dust structures around PNe and 
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white dwarfs on IRAS 12-100 µm maps  (via sky view virtual observatory) [4].The objects - which 

morphological closely resemble HH jets - are visible at 60 and 100 µm only. Although the IRAS mission took 

place two decades ago, the maps are still not exhausted of their riches, as they could demonstrate by e. g. the 

discovery jet like structures  (size ~9
○
 each ) found in the far infrared. 

B. Aryal and R. Weinberger  (2006)  presented a  large new high galactic latitude cone like far infrared 

nebula  (RA=08
h
 27

m
 5

s
 , Dec=+25

○
 53' 59"  (J2000)  )  at 100µm and 60µm IRAS images . With SIMBAD they 

found three possible candidates, namely an M-type emmision star  (RX J082605.8+262740)  carbon white dwarf 

star  (WD 0824+288)  and pulsar  (PSR  B0823+26). These were selected because  (1)  all of them are rather 

nearby,  (2) they might emit a wind in the course of evolution  (3)  the show some peculiar properties,  and  (4)  

They are placed at a suitable apparent location with respect to the nebula [5]. 

Kiss et al. presented the results of an  investigation  of the  large scale  structure  of the diffuse 

interstellar medium in the 2nd Galactic Quadrant .145 loops were identified on IRAS based far infrared maps. 

Their catalogue list their basic physical properties .The distribution clearly suggests that there is an efficient  

process that can generate loop like feature at high galactic latitudes. Distances are provided for 30 loops [6 ]. 

Konyves et al.idenfied 462 far infrared loops analysed their individual FIR properties (including large scale 

structure ) and their distribution. The forms the catalouge of FIR loops  in the Galaxy  [7 ] .  Jha et al. studied 

dust colour temperature and dust mass of four far infrared loops. They selected  the candidate  by assuming the 

distance between pulsar and loop is less than 1
0
.They had taken low latitude loops  and believed to be formed 

due to high pressure events occured in the past (e.g,supernova explosion).They found out  that the dust colour 

temperature and dust mass distribution maps satisfies Cosmological principle ( i.e low temperature region has 

greater density) [8 ] . 

 

3. Materials and Methods 
We have taken a database of  1978 number of white dwarfs which are listed in the catalogue of Holberg 

et. al.[9]. Out of which we have selected WD0531-022. For distance of white dwarf we taken reference from far 

infrared loops studied by Konyves et al.[7] . The name of loop is G206-17.The major and minor diameter of 

loop is 1.4
0
 (or 7.4 pc) and 0.9

0
 (or 4.8 pc ) respectively. We have carried out a systematic search of  IRAS maps 

available in the sky view virtual observatory (http://skyview.gsfc.nasa.gov). The sample white dwarf has the 

right ascension of 05
h
 34

m
 20

s
and declination of -02

○
 14

m
 32

s
 in equatorial coordinate system. Again the 

Galactic infrared loop G206-17 has the right ascension of 05
h
 36

m
 53.7

s
and  declination of -02

○
 30

m
 07

s
 in the 

same coordinate.  The following input parameters were used for the search: (1) Coordinate: J2000, (2) 

Projection: Gnomonic (Tan), (3) Image size (pixel): 500×500 (4) Image size (degrees) : 0.5
0
×0.5

0
  and 2

0
×2

0
  (5) 

Brightness Scaling: Histogram Equilization (HistEq) (6) Colour Table: Stern Special.                                                                       

We have downloaded Flexible Image Transport System (FITS) v3 image of the selected region. We 

have taken FITS format of 0.5
0
×0.5

0
 at 60 and  100µm for the image processing. Using ALADIN v2.5 software, 

the FITS image carries the information concerning the position, flux density, temperature, mass ,and visual 

extinction for each pixels.It is an interactive sky atlas developed and maintained by the Center de Donne's 

astronomiques de Strasbourg (CDS) for the identification of astronomical sources through visual analysis .  

 In ordered to separate the region of minimum flux density region, contours are drawn at 60 and 100 μm 

respectively. Because we are interested to study temperature , mass and visual extinction of  the region. We 

intend  to study the cavity  like structure at 60 µm and 100 µm. The flux density of each pixels in the region of 

interest is noted. 

 

Dust Colour Estimation: 

Dust color temperature can be estimated by using following relation [10] 

 

𝑇𝑑 =  −96
1

𝑙𝑛 𝑅×0.6 3+𝛽  
……(3.1)       

where R is given by 

                                         R = 
F(60 𝜇m)  

F(100 𝜇m)
                                      ..…(3.2) 

 F 60 𝜇m and F(100 𝜇m) are the flux densities at 60 𝜇m and 100 𝜇m, respectively.  

            Here we use β=2 for cloud of shape crystalline, dielectric or metals[11]. 

 

Mass Estimation: 

The mass of the dust can be determined by the following relation[12] 

                                            𝑀𝑑𝑢𝑠𝑡 =
4

3

𝑎𝜌

𝑄𝜈

 
𝑆𝜈𝐷

2

𝐵 𝜈, 𝑇 
         ……….         3.3                                          
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Where a, ρ,Qvand sv represent weighted grain size, grain density ,grain emissivity and flux density of the region 

of interest, respectively. Here,  

Sν =  f ×  5.288 × 10−9 MJy/Sr 
The distance  (D) to the cavity is 305 pc, known from  [7] .                                                                                                                                                    

The  Planck’s function is given by[13], 

                                                                B ν, T =
2hν3

c2  
1

e
h ν
kT −1

         ……  3.4   

Where h,c,ν,and T represent Planck's constant,velocity, frequency of light, and average temperature of 

region respectively. 

By using,a=0.1 µm , ρ=3000 kgm
-3

, and Qν=0.0010 for 100 µm and 0.0046 for 60 µm respectively  ,the 

expressions (3.3) and  (3.4) takes the form [14]: 

                                                  Mdust=0.4  
SνD2

B ν,T 
         …… ..             (3.5) 

We use the equation (3.5) for the calculation of the dust mass 

 

Visual Extinction Estimation: 

It is the reduction in brightness or amount of light or other radiation from celestial body or star as a 

result of absorption or scattering of radiation by interstellar dust. The visual extinction AV  relates distance and 

magnitude by the relation [1] 

 

m - M = 5 log r - 5 + AV                                                .........................      (3.6)   

 

Where m and M represent the apparent and absolute magnitudes respectively[15]. 

 

AV (mag) = 15.078[1 - exp{- τ(100)/641.3}]        ..................        (3.7)   

Where, 

 

         τ(100)=
𝐹 (100µ𝑚)

𝐵(𝜈,𝑇)
  =Optical depth                                             ...............................(3.8)                                                                                                  

   F(100 µm)=Flux density at 100 µm and B(ν,T) is planck's function 

 

4. Result and Discussion 

 
 
Figure 4. 1: 0.5 

0 
×0.5

0
 JPEG image of the region centered at R.A.(J2000)=05

h
 34

m
 20

s
,Dec. (J2000)=-02 

0
14

m
 

32
s 
 of WD 0531-022 (left) and   centered at R.A.(J2000)=05

h
 36

m
 53

s
,Dec. (J2000)=-02 

0
30

m
 07

s 
  of G206-17  

(right)  

 

Figure 4.1 represents the JPEG image of white dwarf WD0531-022 and Galactic infrared loop G206-17.In both 

figure black colour represents the region of minimum flux and white colour represents maximum flux.  
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Figure 4. 2:2
0 

×2
0
 FITS image of the region centered at R.A.(J2000)=05

h
 34

m
 20

s
,Dec. (J2000)=-02 

0
14

m
 32

s 
 of 

WD 0531-022  and    at R.A.(J2000)=05
h
 36

m
 53

s
,Dec. (J2000)=-02 

0
30

m
 07

s 
  of G206-17  in south east  of WD 

(left). Cavity formed by taking 0.5
0 

×0.5
0
 FITS image of the region centered at R.A.(J2000)=05

h
 34

m
 20

s
,Dec. 

(J2000)=-02 
0
14

m
 32

s 
 of WD 0531-022  (right).The minor and major  diameters  passing through minimum flux  

are also shown.The isocontour level is 25. The distance between WD0531-022  and G206-17 is 0.7
0
 (or 3.7 pc). 

      

Figure (4.2) represents  cavity formed located nearby  WD0531-022 ( right ).The size of cavity is (20.07'×7.8') 

(or 1.9 pc×0.7 pc).The major diameter of G206-17 is7.4 pc is  greater than major diameter of WD0531-022.So 

the WD0531-022 lies inside the loopG206-17. 

 
 
 

 

Figure 4.3: F (60 micron) versus  F(100 micron)  in white dwarfs WD0531-022 

Figure (4.3) represents the relative flux density of concerned white dwarf. The linear curve has slope(R)= 0.35 

and correlation coefficient  is 0.43.Due to  low slope  the average temperature is 26.64K where as individual  
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temperature of each pixel varies 25.15K to 25.66K. 

 
 

 
Figure 4.4: Contour map of dust colour temperature of  white dwarfs  WD0531-022 

     
Figure (4.4) represents dust colour temperature with respect to right ascension (R.A.) and declination 

(dec.) The blue colour is the minimum temperature is north direction and red colour is at north east direction has 

maximum temperature. 

 
Figure 4.5: Contour map of mass distribution of  white dwarf WD0531-022 
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Figure (4.5) also represents two dimensional contour  plot  with  projection of mass in XY plane. The 

central  region  of the cavity is covered by minimum mass (ie blue color).The maximum mass (ie red colour) in 

the cavity is in the north south direction .From contour map of  mass and temperature distribution it is found that 

,the cavities  follow cosmological principle.It means  the distribution is homogenous and isotropic. 

 

 
Figure 4.6: Contour map of flux distribution of  white dwarf WD0531-022 

Figure (4.6) also represents two dimensional contour  plot  with  projection of flux in XY plane. The 

central  region  of the cavity is covered by minimum mass (ie blue color).The maximum mass (ie silver colour) 

in the cavity is in the north east and south west  direction .  

 

 
Figure 4.7: Contour map of visual extinction  distribution of  white dwarf WD0531-022 
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Figure (4.7) also represents two dimensional contour  plot  with  projection of visual extinction  in XY 

plane. The north east to central position of the cavity is covered by minimum mass (ie black and blue color).The 

maximum visual extinction (ie red colour) in the cavity is in the north   direction .By  comparing  contour map 

of  visual extinction and temperature we get  higher the visual extinction ,lower the temperature. 

 

 
Figure 4.8: Distribution of dust colour temperature of  white dwarfs WD0531-022 .The blue solid curve 

represents the Gaussian fit .The  ±1σ  is statistical error bars (i.e .red) and  σ=√n. 

 
Figure 4.9: Distribution of dust mass  of  white dwarfs WD0531-022. The blue solid curve represents the 

Gaussian fit .The  ±1σ  is statistical error bars (i.e .red) and  σ=√n. 

 

Figure (4.8)  indicates that the distribution is nearly Gaussian   and is  positive skewness ( i.e.skew to 

the right ) .The cavity  formed  around  the white dwarf WD0531-022  is in  nearly thermal equilibrium and is 

stable. Similarly , figure (4.9) indicates that the mass distribution shows same nature  as temperature 

distribution. The Gaussian  area is greater in mass than the  temperature distribution. 
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5. Conclusion 
The average temperature of the cavity formed by dust located nearby  WD0531-022 is  found to be 26.64K . 

The temperature of dust inside the cavity varies from 25.15K to 25.66K.There is less difference  between 

maximum and minimum temperature suggests that  the dust in the cavity is in thermal equilibrium and core of 

cavity is stable. The total mass of  dust is 1.24×10
27

 kg(i.e.6.4×10
-4

 Mʘ). .  Contour map of  mass and 

temperature distribution indicates  that ,the cavities  follow cosmological principle. It means  the distribution is 

homogenous and isotropic. The size of cavity formed  by nearby white dwarf WD0531-022 is 1.9pc×0.7pc.The 

small shift from Gaussian nature in dust colour temperature and mass distribuion indicates that the cavity is 

formed by external sources e.g.nearby other white dwarfs and supernova explosion. 
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