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ABSTRACT 

An isolated dust cloud is discovered nearby the White Dwarf LAWD 84, located at (RA, 

DEC) (J2000): 21
h
19

m
36.53

s
, -55

o
504.47, in the infrared data of Improved Reprocessing 

of the IRAS (IRIS) and AKARI infrared survey, within angular size 1.0
o
 ×1.0

o
. The 

isolated region of dust cloud is found to be broken into the two parts both in IRIS and 

AKARI data, named as IRIS-UP, IRIS-LOW, AKARI-UP and AKARI-LOW. The isolated 

region of flux at 100 m in IRIS and 140 m in AKARI is also studied separately. The dust 

color temperature (Td) and dust mass (Md) are calculated from the infrared flux in both 

data. The average Td is found to be 24 K in IRIS data and 20 K in AKARI data in both 

parts. The ratio of dust mass in total region to isolated region is found  2.0 in IRIS-UP and 

AKARI-UP but the ratio is 5.06 in IRIS-LOW and 3.19 in AKARI-LOW clouds. The 

regression analysis between the infrared fluxes at two wavelength shows a linear relation 

between the infrared fluxes in both clouds, whereas there is no any preferred relation 

observed between the infrared flux (both wavelength) and dust color temperature but a 

direct linear relationship between infrared flux and dust color temperature , and inverse 

parabolic relationship obtained between the dust color temperature and dust mass in all 

clouds. The qualitative analysis of contour map of infrared flux, temperature and mass 

supports this result.  Furthermore, the inclination angle of the each clouds, background 

point sources, Jeans Criteria and Gaussian distribution of the dust color temperature are 

studied within both clouds to explain the possible ongoing physical phenomenon within the 

clouds.  

 

Keywords: LAWD 84, Infrared flux, Dust Color Temperature, Dust Mass, IRIS, AKARI. 

 

INTRODUCTION 

The development of the infrared astronomy make 

possible to reach to the deeper part of the 

interstellar medium enabling the study of the 

ongoing physical and chemical processes within it. 

The Infrared Astronomical Satellite (IRAS) was the 

first space satellite enable to provide the infrared 

map of the Milky Way galaxy [1]. Even though the 

interstellar dust is a minor component of the 

interstellar medium by volume and mass within the 

galaxy, it has great significance for determining the 

complex chemical and physical process. The 

evolution of the interstellar dust itself is under 

study since major fraction of the dust component 

can’t be accounted by dust evolution model until 

now. The dominant process of formation of dust is 

during the AGB phase of the low to intermediate 

mass star (M  8Mʘ ) [2, 3]. The strong stellar wind 

produced in the AGB phase spreads around the 

center star forming the circumstellar shell. 

Significant amount of the dust is also produced in 

the late evolutionary phase of the massive star (M  

25Mʘ ) in the process of the supernova explosion [4, 

5, 6]. Once the dust is sprayed within the ISM, it 

abundance increases by various processes, such as, 

coagulation, erosion, shattering, etc. [7]   

The rotational and vibrational energy level 

transition of dust molecules causes the emission of 

the infrared radiation. The physical properties of 

the dust can be studied by using infrared data. The 
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Infrared Astronomical Satellite (IRAS), Improved 

Reprocessing of IRAS Survey (IRIS) [8], AKARI 

infrared telescope [9], Wide Infrared Survey 

Explorer (WISE) [10], etc., provides the infrared 

map of the interstellar medium and a number of 

research work have been done to study the 

physical properties of the interstellar dust 

including the dust color temperature (hereafter Td) 

and dust mass (hereafter Md). The Td between 20 

K to 24 K  and Md is between 10
28

 kg to 10
29

 kg is 

found within the seven dust sub-structures around 

the WD 0307+077 using 60 m and 100 m 

infrared images using IRIS [11]. An infrared study 

of dust clouds around white dwarf PG 1225-079 

shows Td 25.84 K in IRIS, 26.82 K and 27.68 K in 

AKARI and 291.56 K and 292.46 K in WISE data 

and Md is 3.44 ×10
28

 kg in IRIS, 1.82 ×10
26 

kg and 

5.89 ×10
26 

in AKARI and 1.12 ×10
26 

kg and 1.14 

×10
26 

kg in WISE data [12].   In another study of 

the dust cloud around Supernova Remnants 

G053.41+00.3, G053.9+00.2 and G053.1+00.3 the 

Td is found  25.66 K and 17.74 K in and Md is 

28.45 Mʘ  and  5.01×10
4 

 Mʘ  for IRIS and AKARI 

data respectively [13].  Within the dust cloud 

around the white dwarf WD 0352-049 Td and Md 

are found 23.09 K and 1.36×10
29 

kg in IRAS data 

[14]. An IRAS study around the dust nebula 

located at  Galactic coordinate (353.01
o
, 16.98

o
) 

shows Td 27.92 K and Md 1.04×10
29

 kg and for 

dust nebula located at Galactic  coordinate (19.42
o
, 

1.98
o
) they are 31.61 K and 5.59×10

31
 kg [15]. In 

almost all research the range of the Td is observed 

between the 15 K and 30 K. There is variation of 

Md upto 10
3
 times between them because the 

calculated dust mass is strongly dependent on the 

distance of the dust cloud and there is wide 

variation in the value of distance used in these 

research work, eg., 1667.89 pc for SNRs [13], 

32.73 pc for PG1225-079 [12], 399.28 pc for WD 

0307+077 [11], 1219 pc for WD 0352-049 [14], 

205 pc for WD 2116+675 [16], etc. The distance 

estimation is one of the major challenges for the 

dust cloud.   

In most of the research work it is seen that the Td 

and Md within the dust cloud have inverse relation, 

for instance, dust clouds around WD 0352-049 in 

IRIS data [14], dust cloud around SNRs in AKARI 

data [13], dust clouds around PG 1225-079 in 

WISE and AKARI data [12], dust cloud around 

WD 0011-399 in WISE data [17]. But in some 

cases it is seen there is no preferred relationship 

between Td and Md for instance, dust cloud around 

SNRs in IRIS data [13], dust cloud around WD 

0011-399 in IRIS and AKARI data [17], dust cloud 

around PG 1225-079 in IRIS data [12], etc. This 

contradictory relationship between Td and Md needs 

further investigation for clear explanation. The 

distribution of temperature within the dust cloud 

also has a significant impact on the physical 

ongoing process within the dust clouds. The 

background sources including the star, young stellar 

objects, stellar remnants and various ISM 

components play an important role for determining 

the distribution of dust color temperature within the 

dust cloud [13]. The range of temperature within 

the clouds around WD0307-377 in IRIS data [11], 

WD 2116+675 in IRAS data [16], dust cavities 

around the Pulsar in IRIS and AKARI data [18] are 

found less than 5 K and within the dust clouds 

around PG 1225-079 in IRIS, AKARI and WISE 

data [12], SNRs in IRIS and AKARI data [13], WD 

011-394 in IRIS, AKARI and WISE data [17] are 

found to be greater than 5 K. The narrower dust 

color temperature suggests the thermal stability 

within the dust clouds.     

In this work, an infrared analysis of the dust clouds 

around the white dwarf LAWD-84 is performed 

using the data from IRIS and AKARI. The dust 

color temperature, dust mass is calculated and 

relationship between flux-temperature-mass is 

explained. The background sources within the dust 

clouds, Gaussian distribution of the dust color 

temperature, Jeans criteria and the inclination angle 

are calculated and possible results are explained in 

details. 

 

SOURCES OF DATA 

In this works, the data are taken from three 

different sources. The Flexible Image Transport 

System (FITS) images of infrared flux in both 

IRIS [8] and AKARI [9] data are taken from 

SkyView Virtual Observatory 

(https://skyview.gsfc.nasa.gov/). The JPEG 

version of the images at longer wavelength (100 

m in IRIS and 140 m in AKARI) is shown in 

Fig. 1. The data from Gaia Space Observatory 

Early Third Data (Gaia EDR3) [19] are taken 

from Gaia Archive 

(https://gea.esac.esa.int/archive/) for the 

estimation of the distance to the dust cloud. The 

histogram of the total and selected Gaia EDR3 

are shown in Fig. 2. The background sources 

within the dust clouds are taken from the Set of 

Identification, Measurement Bibliography for 

Astronomical Data (SIMBAD) portal 

(https://simbad.u-strasbg.fr/simbad/sim-fid) [20].  
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Fig. 2:  The histogram parallax of the all and selected 

Gaia EDR3 sources within 1.0
o
×1.0

o
 around LAWD-84. 

 

METHOD OF ANALYSIS  

Infrared Flux Density  

The infrared emission from the interstellar dust is due 

to the re-emission of the absorbed light. The 

interstellar dust absorbs the ultra-violet and visible 

light from the nearby star and stellar objects and re-

radiates the energy in infrared band of 

electromagnetic spectrum. The infrared emission from 

the interstellar dust depends on the size, temperature, 

density, etc., of the interstellar dust. With the 

assumptions that the beam emitted from each pixels in 

infrared map is isothermal in nature and the beam is in 

thermal equilibrium along the line of sight, the 

blackbody emission feature of interstellar dust can be 

expressed in terms of infrared flux density Fi at 

wavelength i as; [21, 22] 

    
   

  
   

 
  

      
 
   

      
  
    ----------------- (1) 

Where Td= dust color temperature, Nd = column 

density of the dust grains,  =constant related to 

optical depth of the dust,  = spectral emissivity 

index, i = solid angle subtended at i by the 

detector. 

The infrared flux at two wavelength can be 

modified under certain condition to obtain the dust 

color temperature, which is explained below. 

Dust Color Temperature 

The ratio (R) of the infrared flux at two 

wavelength,    
    

, can be modified under the 

assumptions that    
   

 and for small dust 

color temperature, Td, we obtain,  

   
  

             
  -------------------------------------- (2) 

Fig. 1:  The JPEG image of the dust cloud nearby the WD LAWD-84 is shown in figure. The figure (a) for large 

cloud at 100 m, (b) for IRIS-UP at 100 m, (c) for AKARI-UP at 140 m, (d) for IRIS-LOW at 100 m, and (e) 

for AKARI-LOW at 140 m.  
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Where, A is numerical constants with value, A= 96 

for IRIS and 57 for AKARI data, and B = S/L = 

0.6 for IRIS (S = 60 m, L = 100 m) and 0.64 

for AKARI data (S = 90 m, L = 140 m),  is 

the spectral emissivity. [22] 

The spectral emissivity of the dust grain depends 

inversely with dust color temperature, given by the 

Dupac et al., (2003) [23], which is given as;  

  
 

       
  --------------------------------------------- (3) 

Where,  and  are the free parameter. The value of 

 depends on the nature of the interstellar dust, for 

perfect black body 0, for amorphous dust 1 

and for dielectric crystal 2 is taken. In this work, 

considering the dust grain as dielectric crystalline 

state,  = 2 is adopted [23].  

Dust Mass 

For the dust cloud, which is opaque to the visible 

light, dust mass can be estimated from the infrared 

emission in addition with the information of the 

dust grain size, shapes and Planck’s function 

distribution. The long wavelength infrared flux is 

used for the precise calculation of the dust mass. 

The expression of dust mass including all these 

quantities is given as [24, 25]; 

          
    

       
  ----------------------------------- (4) 

Where, S = absolute value of flux at long 

wavelength, D = distance to dust cloud, B(, Td) = 

Planck’s function for the blackbody radiation. 

The mass of the cloud including cloud is estimated 

using the relation of the dust to gas ratio, Mgas  

200 Mdust [25]. 

Inclination Angle 

Inclination angle (i) gives the visual impression to 

the particular celestial body, which is defined as the 

angle between the line of sight and outward normal 

to the surface area.  The inclination angle is 

calculated using the Holmberg (1946) [26] formula, 

given as;  

      
 
 

 
 
 
      

       
  -------------------------------------- (5) 

Where, a and b are the size of the major and minor 

axis of dust cloud and q* is the intrinsic flatness. 

The intrinsic flatness is the quantity which 

describes how much amount the internal part of the 

cloud is opening. Its value is taken 0.23 in this 

work considering the dust clouds consists of mostly 

neutral particles [27]. The value of i > 45
o
 

represents edge-on and i < 45
o
 represents face-on 

shape of the dust cloud [18].     

Jeans Criteria  

The Jeans criteria is an important  in order to 

describe whether a particular cloud is likely to 

collapse via gravitational force leading towards the 

stellar evolution  or   not. The Jeans criteria is the 

criteria on mass and size of the cloud, entirely 

depending on the density and temperature of the 

cloud.  For a particular cloud of size R, the density 

of the cloud is given as;  

   
 

  
 
 

     

      ------------------------------------- (6) 

Where, kB, mH, T and G are Boltzmann constant, 

mass of neutral hydrogen, dust color temperature 

and universal gravitational constant respectively.  

The Jeans mass can be calculates using the 

relationship; 

    
   

   
 
 

   

 
 

  
  ----------------------------------- (7) 

If the Jeans mass of the cloud is less than the   total 

cloud mass then the dust cloud the star formation 

process can be initiated via the gravitational 

collapse. [28] 

Gaussian distribution  

All the natural phenomenon follows the Gaussian 

distribution. The Gaussian probability distribution 

function of a random variable x having mean  and 

standard deviation  is given by; 

       
 

    
 

 
 

 
 
  

 
 
 

  ------------------------------ (8) 

 

RESULT AND DISCUSSION 

Structure and Sub-structures 

The White Dwarf LAWD-84 is located at RA 

(J2000): 21
h
19

m
36.53

s
 and DEC (J2000): -

55
o
50'14.46'' [ICRS (RA, DEC): 319.90

o
, -55.84

o
]. 

The isolated dust emission structure is prominent 

and isolated in size 1.0
o
×1.0

o
, with centered at RA 

(J2000): 21
h
21

m
00.15

s
 and DEC (J2000): -

56
o
03'10.2'' [ICRS (RA, DEC): 320.25

o
, -56.05

o
]. 

The WD LAWD-84 lies at distance 17.20 arcmin 

along the 43
o
 with north. Interestingly, the dust 

structure is prominent in IRIS (60 m and 100 m) 

and AKARI (90 m and 140 m) map. The dust 
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structure breaks into the two part both in IRIS and 

AKARI. In WISE map more fragmentation of the 

structure is observed, which is difficult to deal, 

hence not included within the study.  

Furthermore, in close view, the dust structure is 

found to be split into two segments. They are 

elongated towards North-South direction and hence 

divided into upper and lower part. The upper part is 

named LAWD-84 UP (IRIS-UP in IRIS and 

AKARI-UP in AKARI data) and lower part is 

named LAWD-84 LOW (IRIS-LOW in IRIS and 

AKARI-LOW in AKARI data) throughout this 

paper. The both dust substructures are studied 

thoroughly. 

The center of the LAWD-84 UP structure is 

located at RA (J2000): 21
h
20

m
40.02

s
 and DEC 

(J2000): -55
o
49'01.0'' and angular size is 

0.65
o
×0.65

o
 and the center of the LAWD-84 

LOW structure is located at RA (J2000): 

21
h
02

m
23.5

s
 and DEC (J2000): -56

o
16'05.6'' and 

angular size is 0.30
o
×0.30

o
. The center of region 

is represented by geometrical center and the 

physical center is the point corresponding to the 

pixels having maximum flux at long wavelength 

(100 m in IRIS and 140 m in AKARI). The 

geometrical center, physical center, size, total 

pixels under study and the size of the isolated 

region of the each sub-structures are presented in 

the Table 1. The coordinate of the geometrical 

center and physical center are presented in the 

ICRS frame of reference. The Aladin v2.5 [29] 

view of the FITS image at longer wavelength 

(100 m in IRIS and 140 m in AKARI) in all 

sub-structures are presented in Fig. 3. 

 

 

 

Fig. 3: Figures show the Aladin v2.5 view of the FITS image at long wavelength in both IRIS and AKARI map for 

both LAWD UP and LAWD LOW cloud. The isocontour isolated region in each cloud. The geometrical and 

physical center along with major and minor axis are indicated. 
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Table 1: The table shows center and size of dust sub-structures around WD LAWD-84. 

Structure Geometrical Center 

(RA, DEC) 

Physical Center 

(RA, DEC) 

Total Size Total 

Pixels 

Size of Isolated 

Region 

IRIS-UP 320.14
o
, -55.83

 o
 320.01

o
, -55.96

o
 0.65

o 
× 0.65

o
  676 0.60

o 
× 0.28

o
 

IRIS-LOW 320.33
 o
, -55.28

 o
 320.25

o
, -56.31

o
 0.30

o 
× 0.30

o
 144 0.25

o 
× 0.15

o
 

AKARI-UP 320.14
 o
, -55.83

 o
 320.01

o
, -55.81

o
 0.65

o 
× 0.65

o
 25600 0.44

o 
× 0.07

o
 

AKARI-LOW 320.33
 o
, -56.28

 o
 320.34

o
, -56.34

o
 0.30

o 
× 0.30

 o
 5184 0.21

o 
× 0.12

o
 

 

Infrared Flux Density 

The infrared flux density at two wavelengths, 60 

m and 100 m in IRIS data and 90 m and 140 

m in AKARI data are extracted from each pixels 

of the FITS image. For the extraction of the 

infrared flux Aladin v11.0 [29] is used. The size 

and the number of pixels of the all sub-structures 

are presented in the Table 2. The flux have similar 

value in both LAWD-84 UP and LAWD-84 LOW 

structure, in corresponding wavelength. The flux 

density at AKARI data is higher than in IRIS data. 

Similar value of infrared flux within the both 

LAWD-84 UP and LAWD-84 LOW structures 

indicates that they have identical source and other 

thermodynamic properties. The statistical 

information of infrared flux at both wavelengths, 60 

m and 100 m are presented in Table 2. The error 

in mean value of flux is the standard error (S.E). 

 

Table 2: Statistical information of infrared flux; maximum (Fmax), minimum (Fmin), average (Fav), 

range, standard deviation (F) and standard error (S.E.) at both wavelength in dust structures  

around WD LAWD 84 in IRIS and AKARI data. 

Structure  (m) Fmax 

(MJy/sr) 

Fmin 

(MJy/sr) 
Fav  S.E. 

(MJy/sr) 

Frange 

(MJy/sr) 
F 

(MJy/sr) 

Large (IRIS) 
60 2.00 0.70 1.113.82e-3 1.29 0.21 

100 8.00 3.22 5.020.02 4.78 1.01 

IRIS-UP  
60 2.00 0.89 1.340.01 1.10 0.21 

100 8.00 4.16 6.110.03 3.84 0.87 

IRIS-LOW 
60 1.71 1.21 1.430.01 0.50 0.11 

100 7.72 5.52 6.540.04 2.20 0.47 

AKARI-UP 
90 6.87 1.32 3.694.49e-3 5.55 0.72 

140 11.46 3.25 6.800.01 8.21 1.18 

AKARI-LOW 
90 6.30 2.53 4.150.01 3.77 0.54 

140 11.62 4.63 7.490.02 6.99 1.09 

 

Dust Color Temperature 

The infrared flux density at two wavelength are 

used to calculate the dust color temperature 

following the method of Wood et al., (1994) [21] 

and Schnee et al., (2005) [22]. The value of spectral 

emissivity index  is taken 2 for the crystalline 

dielectric characteristic of the interstellar dust as 

suggested by Dupac et al., (2003) [23]. The dust 

color temperature of the isolated region is 

calculated separately.  The statistical data of dust 

color temperature large structure and both sub-

structure are presented in Table 3. The error given 

for maximum are minimum temperature are the half 

of the deviation from average value and error in 

range are the average of error in maximum and 

minimum temperature. The error in average 

temperature is the standard error (S.E.). It is seen 

that the range of temperature in all structures is less 

than 4 K in IRIS data. This result suggest that the 

dust within all the structures is moving towards the 

thermal stability. But the AKARI data for LAWD 
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84 UP dust structure is violating this fact, having 

high range of temperature 5.81 K in isolated region 

and 10.74 K within total structure. The higher value 

of Td for IRIS data compare to AKARI data follows 

the Wien’s displacement law, which is similar to 

the result for  dust around PG 1225-079 [12], dust 

around SNRs [13], dust around WD0011-399 [17], 

and dust around   Pulsar [18]. 

 

Table 3: The table shows the statistical information of dust color temperature; maximum (Tmax), 

minimum (Tmin), average (Tav), range, and standard deviation (SD) in total and isolated region of all 

structure around WD LAWD 84. 

Structure Region Tmax (K) Tmin (K) Tav S.E. (K) Trange (K) T (K) 

Large (IRIS) Total 25.900.70 22.281.11 23.670.01 3.620.90 0.45 

Isolated 24.370.41 22.620.41 23.550.01 1.750.44 0.31 

IRIS-UP Total 24.920.34 22.900.68 23.570.01 2.020.51 0.30 

Isolated 24.35 0.35 23.060.29 23.640.02 1.290.32 0.45 

IRIS-LOW Total 24.210.32 23.090.24 23.570.02 1.120.28 0.21 

Isolated 23.950.18 23.220.19 23.570.02 0.730.18 0.17 

AKARI-UP Total 26.123.07 15.382.34 20.060.01 10.742.68 1.05 

Isolated 22.421.35 16.611.56 19.720.01 5.811.45 0.83 

AKARI-LOW Total 24.071.91 17.591.33 20.250.01 6.481.62 0.90 

Isolated 21.801.02 18.160.80 19.750.02 3.640.91 0.65 

 

Relation between Infrared Fluxes 

The far-infrared flux at 60 m and 100 m in IRIS 

and at 90 m and 140 m in AKARI are used to 

calculate the dust color temperature. There might be 

some relation between them. The linear relation is 

studied using linear regression for total region as well 

as isolated region, taking the flux at long wavelength 

(FL) (100 m for IRIS and 140 m for AKARI) along 

X-axis and flux at short wavelength (FS) (60 m for 

IRIS and 90 m for AKARI) along Y-axis. Due to 

small value of coefficient of determination (r
2
) 

compare to total region, the result of best fit for 

isolated region is not included. The best fit straight 

line along with the data obtained from FITS image are 

shown in Fig. 3. The various parameter for best fit 

straight line are shown in Table 4. 

The r
2
 value of the best fit line as well as the graph 

both shows that there is strong linear relation flux at 

60 m and 100 m in IRIS as expected with r
2
 

0.80. But for AKARI data, for flux at 90 m and 

140 m, r
2
 < 0.50. 

The average temperature calculated using the slope 

of the best fit straight line given in Table 4 are 

slightly deviated from the average temperature of 

the total structure presented in Table 3. The 

difference in temperature (T) between Table 3 and 

Table 4 is due to the value of y-intercept of the 

straight line. The large value of y-intercept results 

more T, for instance; the T for AKARI-LOW is 

3.59 K for which the y-intercept is 1.87, where as in 

IRIS-LOW data T is just 0.21 K and y-intercept is 

0.05.  

 

Table 4: The table shows the parameters in linear fit, r
2
 is coefficient of determination and T is the 

dust color temperature calculated using the slope (m). 

Structure Best fit equation r
2
 T (K) 

Large (IRIS) FS = 0.20FL + 0.12 0.87 22.95 

IRIS-UP FS = 0.23 FL – 0.06 0.89 23.82 

IRIS-LOW FS = 0.21 FL + 0.05 0.80 23.36 

AKARI-UP FS = 0.42FL + 0.83 0.48 18.41 

AKARI-LOW FS = 0.30 FL + 1.87 0.38 16.66 
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Dust Mass 

The calculation of dust mass is done by following 

the method of Young et al., (1993) [24] and 

Hildebrand (1984) [25], for which we need absolute 

flux, Planck's function and distance. The absolute 

flux is calculated using the flux density at longer 

wavelength (100 m for IRIS and 140 m for 

AKARI), Planck's function is calculated using the 

dust color temperature and value of long wavelength. 

The distance to the WD LAWD-84 is calculated 

using the data from GaiaEDR3 [19] from Gaia 

Archive (https://gea.esac.esa.int/archive), using the 

value of the parallax of the background sources 

within the dust structure. The average value of the 

parallax for selected 410 background objects within 

1.0
o
×1.0

o
 region around WD LAWD-84 is 1.98068 

mas, the inverse of parallax gives the distance, which 

is 504.88 pc. This value is used as a distance to the 

dust structure and sub-structures around WD 

LAWD-84 for all calculations. The dust mass as well 

as the mass of gas within the total square region and 

isolated region is presented in the Table 5. 

 

Table 5: Dust and Gas mass (kg and solar mass (Mʘ )) in dust structure and sub-structures. 

Structure Region Dust Mass Gas Mass 

(in kg) (in Mʘ ) (in kg) (in Mʘ ) 

Large (IRIS) Total  1.80 × 10
29

 0.09 3.60 × 10
31

 18.12 

Isolated 8.00 × 10
28

 0.04 1.60 × 10
31

 8.05 

IRIS-UP Total  5.55 × 10
28

 0.03 1.11 × 10
31

 5.58 

Isolated 2.33 × 10
28

 0.01 4.67 × 10
30

 2.35 

IRIS-LOW Total  1.09 × 10
28

 5.49 ×10
-3

 2.18 × 10
30

 1.10 

Isolated 4.70 × 10
27

 2.36 × 10
-3

 9.41 × 10
29

 0.48 

AKARI-UP Total  2.20 × 10
30

 1.10 4.39 × 10
32

 220.78 

Isolated 4.35 × 10
29

 0.22 8.70 × 10
31

 43.76 

AKARI-LOW Total  4.62 × 10
29

 0.23 9.23 × 10
31

 46.41 

Isolated 1.45 × 10
29

 0.07 2.89 × 10
31

 14.55 

Fig 4:  The figure shows the linear relation between two infrared fluxes in IRIS and AKARI data around the WD 

LAWD84. Here, r
2
 is the coefficient of determination and m is slope of straight line. 
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It is seen that the mass of dust is in the same 

order ( 10
28

 kg) in both IRIS-UP and IRIS-LOW 

but for AKARI-UP it is in one order more than in 

AKARI-LOW, 10
30

 kg for former and 10
29

 for 

later. It is because the size of LAWD-84 UP is 

larger than LAWD-84 Low. The ratio of the dust 

mass in total region to the isolated region is 

found 2.0 in LAWD-UP in both IRIS and 

AKARI data, 5.06 in IRIS-LOW and 3.15 in 

AKARI-LOW. The isolated region in   LAWD-

84 LOW is found less massive compare to 

LAWD-84 UP. 

Contour Map  

The contour map with color plot enables us to 

distinguish the regions having different 

magnitude of the various parameter. The contour 

map with color for the infrared flux density at 

two wavelength, dust color temperature and dust 

mass for large dust structure (IRIS data), LAWD 

84 UP and LAW 84 LOW sub-structures in both 

IRIS and AKARI data are presented in Fig.5, Fig. 

6, Fig. 7, Fig. 8 and Fig. 9, respectively. In all 

figure the contour map with color plot are, (a) for 

flux density at short wavelength (60 m for IRIS, 

90 m for AKARI ), (b) for flux density at longer 

wavelength (100 m for IRIS, 140 m for 

AKARI ), (c) for dust color temperature and (d) 

for dust mass. 

 

 
Fig. 5: The contour map for infrared fluxes (a and b), dust color temperature (c) and dust mass  

(d) for whole dust structure around LAWD 84 in IRIS map. 

It is seen that, for all sub-structures the contour 

plot for flux density at both wavelength looks 

similar however there is huge difference in the 

magnitude of flux density. The similar 

distribution of flux density is also manifested by 

the linear relation between them (Fig. 4). The aim 

of the contour map is to find the variation pattern 

of individual quantity within the dust structure 
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and to dig out the relationship between two 

quantities, for example; dust color temperature 

and infrared flux, dust mass and infrared flux and 

dust mass and dust color temperature in 

qualitative way.  

The visualization of the contour map of the dust 

color temperature and infrared flux shows no any 

correlation between them in all plots. Since, the 

dust color temperature is estimated from the ratio of 

the infrared flux, dust color temperature is not seen 

dependent with individual flux. The contour map of 

dust mass and infrared flux shows that the variation 

pattern is almost similar between them. For IRIS 

data in both UP and LOW structure the association 

is more clear but in AKARI data in both UP and 

LOW structure it is somehow a poor association 

between them. More clearly, it could be seen that 

the association between the infrared flux and dust 

mass is effective for long wavelength data, 100 m 

for IRIS and 140 m for AKARI. From the 

comparison of the contour map of dust color 

temperature and dust mass it can be seen that there 

is no any preferred correlation between them in 

IRIS data but there is inverse relationship in 

AKARI data both in UP and LOW structure. The 

exact relationship between them is tried to dig out 

by studying the r
2
 value, presented in the following 

section. 

 

 
Fig. 6: The contour map for infrared fluxes (a and b), dust color temperature (c) and dust mass (d) for upper dust 

structure around LAWD 84 UP in IRIS map. 
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Fig. 7: The contour map for infrared fluxese (a and b), dust color temperature (c) and dust mass  

(d) for upper dust structure around LAWD 84 UP in AKARI map. 

 

 
Fig. 8: The contour map for infrared fluxes (a and b), dust color temperature (c) and dust mass  

(d) for lower dust structure around LAWD 84 LOW in IRIS map. 



M. S. Paudel 

89 

 
Fig. 9: The contour map for infrared fluxes (a and b), dust color temperature (c) and dust mass (d) for upper dust 

structure around LAWD-84 LOW in AKARI map. 

 

Flux-Temperature-Mass Relation 

The color map of infrared flux, dust color 

temperature and dust mass couldn’t explain the 

relationship quantitatively. The regression analysis 

is used to study the exact relation in quantitative 

way. The relationship between each pair of 

variables among infrared flux at both wavelength, 

dust color temperature and dust mass are 

separately investigated for both (LAWD 84 UP 

and LOW) structure in both (IRIS and AKARI) 

data. The selected best fit line estimated using 

regression analysis, in which the r
2
   0.50, is 

presented below.  

For Td and infrared flux, r
2
 < 0.50 in both structures 

in both data. The relationship between the Md and 

infrared flux is observed effective only for IRIS-

UP, IRIS-LOW and AKARI-LOW, with r
2
 value 

0.76, 0.68 and 0.64 respectively, as shown in Fig. 

10. The linear relation suggest that the increase in 

dust mass-density along with the increase with the 

infrared flux.  The relationship between Md and Td 

is significant (r
2
  0.50) only in AKARI data for 

both sub-structures, r
2
 value 0.76 for UP and 0.82 

for LOW. The relationship is found inverse 

parabolic in nature as shown in Fig. 11. The 

relation is also inverse in both structure of IRIS. 

These inverse relation suggest that the cold dust are 

heavier than hot dust. Moreover, the parabolic 

decay suggest the rapid decrease in mass-density 

with increase in temperature. The r
2
 coefficient is 

also given in the each graph.  It is direct evident 

from the study of background objects that there 

numerous stars within the region under study. They 

contribute visible radiation for dust for heating 

there by producing huge thermal radiation near to 

it.   The inverse relation between Td and Md is 

similar to the study of dust around dust clouds 

around WD 0352-049 in IRIS data [14], dust cloud 

around SNRs in AKARI data [13], dust clouds 

around PG 1225-079 in WISE and AKARI data 

[12], dust cloud around WD 0011-399 in WISE 

data [17]. 
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Inclination Angle 

The inclination angle of the isolated region of every 

sub-structures is calculated by using the Holmberg 

(1946) [26] formula by taking the value of q* equal 

to 0.23 for molecular cloud [27]. The major and 

minor axis of the isolated region is calculated by 

using Aladin v2.5 [29], which is shown in Fig. 3. 

The major and minor axis are longest and shortest 

possible lines joining the opposite sides of the 

isolated region passing from the physical center 

taking care of that the difference of position angle 

(PA) is nearly equal to 90
o
. Table 7 presents the 

value of major axis, minor axis, position angle of 

major and minor axis, inclination angle and shape 

of the cloud. In both sub-structures the inclination 

angle i > 45
o
 representing the edge-on in shape. 

 

Table 6: The table gives the details of major axis, minor axis, position angle (PA) for major and minor 

axis, inclination angle (i) and the shape of the all clouds. 

Structure Major Axis 

(arcmin) 

Minor Axis 

(arcmin) 

PA Major 

(deg) 

PA Minor 

(deg) 

i (deg) Shape 

IRIS-UP 35.83 16.67 2.2 73.6 66.31 edge-on 

IRIS-LOW 14.86 8.88 48.0 136.2 55.51 edge-on 

AKARI-UP 26.36 3.92 166.7 73.1 90.00 edge-on 

AKARI-LOW 12.34 6.94 155.4 66.8 58.20 edge-on 

 

SIMBAD Background Source 

SIMBAD enables us to know the objects within the 

dust structure. The objects around a square region 

of size 1.0
o
×1.0

o
 with center at ICRS (RA, DEC): 

320.25
o
, -56.05

o
 are downloaded. The Fig.  12 

shows the SIMBAD point objects within the large 

Fig. 10: The best fit straight line between the dust mass and infrared flux for dust cloud around LAWD  

84 in IRIS and AKARI data. The good correlation is observed only between these three plots. 

 

Fig. 11: The best fit second degree parabolic line between the dust color temperature and dust mass for the 

dust clouds around LAWD 84. 
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dust structures and UP and LOW sub-structures 

separately. The contour are the isocontour lines for 

infrared flux at 100 m. There are total 316 objects 

within the large structure, 89 objects within the UP 

and 19 objects within LOW dust structures. The 

major sources are star and galaxy, which are 

scattered almost uniformly within all regions. Many 

sources are only single in number including X-ray 

and IR sources. The WD LAWD 84 is seen in the 

left of the UP structure. The effect of presence of 

the huge stars can be seen in the infrared flux, as 

we can see huge flux near the center. Not only that, 

the cold dust is found heavier, which representing 

the thermal stability near the center of the dust 

structure. The background point sources plays very 

important role to regulate the thermal distribution 

within it. 

Density and Jeans Mass 

The isolated region of the each cloud under study can 

be seen in Fig. 3. The mass of the cloud under the 

isolated structure is sufficient or not to trigger the star 

formation process is checked out by Jeans criteria. 

The average size, average temperature, density, Jeans 

mass and total mass of cloud of isolated region within 

clouds LAWD 84 UP and LOW are presented in 

Table 6. The size of LAWD 84 UP is larger than 

LAWD 84 LOW but density is small. The Jeans mass 

MJ is greater for LAWD 84 UP cloud. But, the Jeans 

mass is found larger than the mass of the gas in both 

structures/clouds. This means, the mass of gas within 

the cloud is insufficient to initiate the star formation 

process. It can be concluded that there is no any 

possibility for the collapse of both clouds for the star 

formation process in the future.  

 

Table 7: The table shows the average radius, dust color temperature, density, Jeans mass and total 

mass of cloud in isolated regions of LAWD 84 UP and LAWD 84 LOW. 

Structure Radius (m) Td (K) Density 

(kg/m
3
) 

Jeans Mass Cloud Mass 

(kg) (Mʘ ) (kg) (Mʘ ) 

IRIS-UP 5.90 × 10
16

 23.64 3.23 × 10
-19

 2.78 × 10
32

 139.77 4.67 × 10
30

 2.35 

IRIS-LOW 2.89 × 10
16

 23.57 1.55 × 10
-18

 1.27 × 10
32

 63.85 9.41 × 10
29

 0.48 

AKARI-UP 3.43 × 10
16

 19.72 7.99 × 10
-19

 1.35 × 10
32

 67.91 8.70 × 10
31

 43.76 

AKARI-LOW 2.18 × 10
16

 19.75 1.97× 10
-18

 8.61 × 10
31

 43.31 2.89 × 10
31

 14.55 

 

Fig. 12: The figure shows the SIMBAD sources around LAWD 84, for large structure (a and b), LAWD 

84 UP (c and d) and LAWD 84 LOW (e). In all plot, RA is taken along X-axis, DEC is taken along Y-

axis. The name of sources in the legend is according to the SIMBAD. 
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Gaussian distribution 

The Gaussian distribution for dust color 

temperature and dust mass using IRIS and AKARI 

data are given below. The Gaussian distribution of 

the dust color temperature for both LAWD 84 UP 

and LOW cloud in both survey are more or less 

deviated from the Normal distribution. The 

deviation might be due to the external point sources 

within the dust clouds, as shown in SIMBAD 

database, such as stars. Due to presence of 

numerous stars there is inhomogeneity in the 

interstellar medium. That leads to the disruption of 

the dust cloud leading towards the deviation from 

normal behavior. The effect is more in IRIS data 

than the AKARI data due to the presence of more 

background objects. 

 

CONCLUSIONS  

Following are the major conclusions;  

1. The dust structure having size 1.0
o
×1.0

o
 is 

divided into two sub-structures having size 

0.65
o
×0.65

o
 and  0.30

o
×0.30

o
 represented as 

LAWD84 UP and LAWD 84 LOW respectively. 

Study of Infrared flux shows that the cloud is 

brighter in AKARI map comparison to IRIS 

map. 

2. The average dust color temperature is found to 

be 24 K in IRIS data and  20 K for AKARI 

data, the temperature difference between the 

total square region and isolated region is less 

than 1 K in all dust clouds. Moreover, it is found 

that the temperature estimated using long 

wavelength infrared flux (AKARI data) is less 

compare to short wavelength infrared flux (IRIS 

data), following the Wien’s displacement law.  

3. The range of temperature in isolated region is 

found 1.29 K for IRIS-UP, 0.73 K for IRIS-

LOW, 5.81 K for AKARI-UP and 3.64 for 

AKARI-LOW. In spite of having low average 

temperature a huge fluctuation is observed in 

AKARI data. This shows the clouds are more 

stable in IRIS data compare to AKARI data.  

4. The regression analysis shows the linear 

relationship between the infrared flux at two 

wavelength, 60 m and 100 m in IRIS and 90 

m and 140 m in AKARI, fitted very well with 

r
2
  0.80 for IRIS data. But for AKARI data 

they are fitted poorly with r
2
 < 0.50. 

5. The dust color temperature is seen almost 

independent to the individual infrared flux but 

the dust mass shows linear relation particularly 

at longer wavelength. An inverse parabolic 

relationship is observed between Td and Md in 

AKARI data. 

6. The dust mass is in the same order ( 10
28

 kg) in 

both IRIS-UP and IRIS-LOW but for AKARI-

UP it is in one order more than in AKARI-

LOW, 10
30

 kg for former and 10
29

 for later. It 

is because the size of LAWD-84 UP is larger 

than LAWD-84 LOW. The isolated region in   

LAWD-84 LOW is found less massive compare 

to LAWD-84 UP dust cloud. 

7. The study of the SIMBAD point sources shows 

huge number of background objects dominated 

by stars, which might be responsible for 

creations of the thermal irregularities within dust 

cloud. The deviation of the distribution of dust 

color temperature slightly beyond the normal 

distribution manifest this fact. 

8. The study of the density and Jeans criteria 

shows the LAWD-LOW cloud is denser than 

LAWD-UP cloud and in both dust clouds deny 

the star formation possibility by collapsing the 

core mass.  
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