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Abstract. During the asymptotic giant branch (AGB) phase, a major fraction of mass is spread by the stars (0.6 - 10 M�) in the
interstellar medium (ISM) in the form of dust. In the left phase of the post-main sequence evolution in the Hertzsprung-Russell
(HR) diagram, these dust are found to be surrounding the white dwarfs (WD). Some small fraction of dust is also formed in the
circumstellar shells and cavities around WD which is usually a source of infrared (IR) excess. The formation and evolution of
such IR dust structures are the results of high-pressure events such as the Helium shell flash (thermal pulse) and stellar winds,
and such structures are crucial in the study of interaction phenomena in ISM. This research project is focused on the study of an
isolated dust structure near the white dwarf WD0011-399 located at R.A. (J2000) 00h 13m 47.48s and Dec. (J2000) -39◦ 37

′
24.28

′′

using Improved Reprocessing of the IRAS (IRIS), AKARI and Wide-field Infrared Survey Explorer (WISE) surveys from SkyView
Virtual Observatory along with SIMBAD Astronomical Database and Gaia Archive of ESA. The size of the cavity under study is
7.43 pc×2.90 pc, 2.99pc×0.99pc, and 1.26×0.53pc with an inclination angle of 71.12◦, 75.73◦, and 68.48◦ respectively in IRIS,
AKARI and WISE data suggesting the cavity is neither a face-on nor an edge-on. The relative flux density of the region has been
studied through pixel extraction of Far-Infrared (FIR) images and dust color temperature along with dust mass has been calculated.
Using IRIS data, the temperature of the isolated region is found between a maximum value of 36.82±4.30 K to a minimum of
22.59±2.32 K with an offset of 14.23 K. The average temperature of the region is 28.22±0.18 K. Following similar procedures
for AKARI data, the temperature is found between a maximum of 26.37±3.56 K and a minimum of 16.32±1.47 K with an offset
of 10.06K. The average temperature is 19.25±0.15 K. Similarly, using WISE data, the temperature is found between a maximum
of 353.72±18.54 K and a minimum of 307.24±4.69 K with an offset of 46.48K. The average temperature is 316.62±0.81 K.
High value of offset temperature suggests that the cavity might be evolving with disruptions from background radiative sources.
Approximately Gaussian distribution of the temperature in all the surveys implies that the region might be tending towards local
thermodynamic equilibrium. The total mass of the structure is estimated to be around 0.03±1.5×10−6M�, 1.6×10−3±1.4×10−5

M�, and 10−7±3×10−10 M� using IRIS, AKARI, and WISE data respectively. The Jean’s mass of the structure is calculated
assuming the structure is a non-degenerate gas, which is estimated around 2001.93M�, 178.44M�, and 121.47M� respectively
using IRIS, AKARI, and WISE data. Since Jean’s mass is much greater than the mass of the structure there seems no possibility
of star formation within the region of interest. The color maps illustrate identical distribution for all wavelengths, however, no
significant relation is observed between dust color temperature and dust mass.
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INTRODUCTION

During the lifetime of a star, depending on its total mass,
much of the material born out may return to the ISM
through stellar winds and explosive events like He-shell
flash. The process of emissions into the ISM may be de-

structive; stellar winds result in erosion and fragmentation
in supernovas thus generating the shock waves, or con-
structive via mantle accretion followed by coagulation in
more dormant regions [1]. The subsequent generation of
stars can thus be formed from these transferred materials
[2]. In the left phase of the post-main sequence evolu-
tion in the HR diagram, these materials, a source of FIR
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emissions, are found to be surrounding the WDs with a
small fraction of dust formed in the circumstellar shells
and cavities.

The radiation from ISM dust, confined within the
molecular clouds, is the source of emissions from very
cold objects: typically less than 140 K [3]. These dust
structures obscure relatively nearby regions in visible and
UV regions and re-radiate the absorbed radiation in the
FIR region. This contributes a major part (30%) of the to-
tal luminosity of the galaxy. These FIR radiations prepon-
derate over the gravitational energy of collapsing clouds,
instigating star formations. Moreover, dust structures be-
ing responsible for the molecular dissociation and succes-
sively resulting H2 molecule formation site, are crucial
in studying the chemistry of ISM. Constituting most of
the elements contributing to the cooling process, dust also
controls the temperature of the ISM. On the other hand, it
provides heat through electrons-photo-electrically ejected
from the grains i.e. cold emission of electrons [4]. Such
dust structures are pivotal in the study of interaction phe-
nomena in the ISM.

In this work, we have studied the properties of an
isolated dust structure nearby the white dwarf WD0011-
399, searched through the Villanova catalog of spectro-
scopically identified white dwarfs, maintained by the de-
partment of astronomy and astrophysics, Villanova Uni-
versity, Pennsylvania [5]. The studied properties include
flux density distribution, dust color temperature, dust
mass, Jean’s mass, spectral emissivity, and inclination
angle along with background radiation sources.

SOURCES OF DATA

A series of methods were applied for locating an appro-
priate region of interest. Initially, the white dwarfs along
with candidate white dwarfs were located using the pub-
lished white dwarf catalogs and databases such as the
white dwarf catalog of Villanova University [5], Mon-
treal White Dwarf Database (MWDD) [6], and SIMBAD
astronomical database (https://simbad.u-strasbg.
fr/simbad). Furthermore, these databases were very
useful in the verification of white dwarf candidates along
with other astronomical bodies around them. Data is
primarily obtained from SkyView virtual observatory
(https://skyview.gsfc.nasa.gov) which generates
images of any part of the sky at wavelengths in all regimes
from Radio to Gamma-Ray. Data from all the surveys are
obtained in the form of a Flexible Image Transport Sys-
tem (FITS) image which embodies the data regarding
flux density, coordinates, and pixel location which were
extracted using Aladin v10.0 [7]. Moreover, for distance
estimation parallax data from Gaia [8] is taken around the
structure and the SIMBAD database is of assistance in
locating the background sources.

METHOD

Dust Color Temperature

The dust color temperatures for IRIS, AKARI, and WISE
surveys were calculated based on Wood et al. [9] and later
improved by Dupac et al. [10] and Schnee et al. [11]. The
final expression for dust color temperature in the case of
IRIS 60 and 100 µm data is,

Td =
−96

ln{R×0.6(3+β )}
(1)

where R is the ratio of the flux densities at 60 µm and 100
µ and β is the spectral emissivity index ranging from 0 to
2 depending on the dust grain properties.

β =
1

δ +ωTd
(2)

where parameters δ and ω depend on the dust grain
properties like composition, size, compactness, and so
on and have values δ = 0.40± 0.02 and ω = 0.0079±
0.0005K−1 [10].

Similarly for AKARI data at 90 and 140 µm,

Td =
−57

ln{R×0.6(3+β )}
(3)

Following the same procedures, for WISE data at 12 and
22 µm equation (1) can be modified as,

Td =
−545

ln{R×0.6(3+β )}
(4)

Dust Mass and Jean’s Mass Estimation

Dust mass depends on the physical as well as chemical
properties of the dust grains, dust color temperature(Td),
and the distance(D) to the structure [12].

Md =
4aρ

3Qν

[
Fν D2

B(ν ,Td)

]
(5)

where a = weighted grain size (0.1 µm)
ρ = grain density (3000 kgm3)
Qν = grain emissivity (0.001 for 100 µm and 0.0046 for
60 µm)
Fν = total flux density of the region

B(ν ,Td) is Planck’s function for black-body radia-
tion at temperature Td and frequency ν ,

B(ν ,Td) =
2hν3

c2

[
1

e
hν

kBTd −1

]
(6)

where h = Planck’s constant
c = speed of light in vacuum
kB = Boltzmann’s constant.

15 S. Rijal et al.
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Implementing the substitutions by Young et al. [13],
equation (5) is reduced to,

Md = 0.4

[
Fλ D2

B(λ ,Td)

]
(7)

For a dust structure to be stable, it must be in hy-
drostatic equilibrium. If the internal pressure of the gas
is greater than the gravitational force then the mass will
collapse and instability occurs which is known as Jeans
instability. It depends on the average temperature (Td),
density (ρ), and size (R) of the cloud [2]. Once the size
and the temperature of the region are known, assuming
the molecular cloud is extremely cold the equation of state
for a non-degenerate case can be applied to determine the
density can be calculated as,

ρ =

(
3

4π

) 2
3
[

kBTd

mHGR2

]
(8)

where mH = mass of hydrogen
G = universal gravitational constant
R = radius of the molecular cloud considering its spherical
shape [14].
Jean’s mass can thus be calculated as,

MJ =
K
√

ρ

(
kBTd

µG

) 3
2

(9)

where K is the proportionality constant which depends on
the nature of perturbation. The perturbation depends on
the speed of acoustic waves and the adiabatic index [2].
For slow varying perturbation,

K =
4
3

π
5
2 (10)

Inclination Angle

The inclination angle (i) is the angle between the line
of sight and the normal vector to the plane of the struc-
ture. This can be estimated by using the formula given by
Holmberg et al. [15],

cos2i =
( b

a )
2−q∗2

1−q∗2 (11)

where b
a is the ratio of minor to major diameter and q∗ is

the intrinsic flatness of the structure. The intrinsic flatness
is closely related to nebula morphology. It depends on the
amount of molecular hydrogen and dust. The range of the
intrinsic flatness of the cloud extends from 0.13 to 0.33.
For convenience, the average value of 0.23 is considered
for molecular cloud-type structure. [16]

RESULT AND DISCUSSION

Structure

The structural visualization of the dust structure from the
available FITS image is done in Aladin v10.0. The pixel
color values were adjusted for clear visualization and dif-
ferent levels of isocontours were drawn around the cav-
ity distinguishing the cavity region from the rest parts of
the image and thus aiding in the distinction of pixels with
the maximum flux density. The pixel location of max-
imum flux density acts as a point of intersection of the
major and minor axes of the region of interest. In IRIS
(100 µm), AKARI (140 µm), and WISE (22 µm) FITS
images, the maximum flux densities were 47.45, 129.94
and 166.33 MJysr−1 respectively. On drawing the longest
and shortest axes passing through the maximum flux den-
sity pixel and joining the opposite ends of the contour,
the obtained major axis and minor axis in the IRIS FITS
image are 26.08’ and 10.17’ respectively thus the angu-
lar dimension of the region of interest is 26.08’×10.17’.
Following a similar procedure in AKARI FITS image, the
angular dimension is estimated to be 10.47’×3.48’. Sim-
ilarly in the WISE FITS image, the angular dimension is
4.45’×1.89’.

The angular dimension is converted to linear dimen-
sion by using the formula,

l = d×θ (12)

where angular dimension θ is in radian.
The distance (d) is estimated from Gaia data using

the parallax method as 979.49 pc. Thus the linear dimen-
sion of the region of interest is approximated to be 7.43
pc×2.90 pc, 2.99 pc×0.99 pc, and 1.26 pc×0.53 pc in
IRIS, AKARI, and WISE respectively. The difference in
dimensions of the isolated structure in different surveys
is due to non-identical FITS image resolutions. The res-
olution of the IRIS FITS image is the highest and that of
WISE is the lowest. The direct proportionality between
image resolution and structure thus resulted in the largest
dimension for the IRIS image and the smallest for the
WISE image.

TABLE I. General Description of FITS Image Data and Isolated
Structures in all Surveys

Surveys Image
Size

Angular Size
(arc min)

Linear Size
(parsec)

WISE (22µm) 0.1o 4.45’×1.89′ 1.26×0.53
IRIS (100µm) 0.5o 26.08’×10.17′ 7.43×2.90

AKARI (140µm) 0.18o 10.47’×3.48′ 2.99×0.99

16 S. Rijal et al.
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FIGURE 1. Structure of Region of Interest in IRIS, AKARI, and WISE FITS Images; Respective Image Resolutions: (46.38
′ ×

32.76
′
), (16.70

′ × 11.79
′
), and (7.42

′ × 3.76
′
). The Intensity of Pixels Corresponds the Flux Density Values.

FIGURE 2. Scatter Plot of Flux Densities against Wavelengths Showing Uniformity Across the Surveys

Flux Density Distribution

The flux density distribution was visualized in IRIS,
AKARI, and WISE data using contour plots. These rel-
ative flux densities were later used for the calculation of
dust color temperature.

On plotting the maximum, minimum, and average
flux densities each separately against their respective
wavelengths, the scatter plot, FIGURE 2 obtained is
of similar nature. This shows a uniform flux distribution
across the surveys.

TABLE II. Flux Densities for Different Wavelengths

Wavelength (µm) Flux density (MJysr−1)
Minimum Maximum Average

12 440.62 705.20 435.51
22 128.22 166.33 128.54
60 0.738 34.66 1.79
90 12.31 172.22 11.27

100 2.39 47.44 4.05
140 22.04 129.94 16.29

Flux Density Relation

Flux densities at two different wavelengths for each sur-
vey were plotted against each other as depicted in FIG-
URE 3, to determine the relationship between them. In
IRIS data, the relationship between relative flux densities
at 60 and 100 µm is found to be linear with a correlation
coefficient of 0.95. In AKARI data, the relationship be-
tween relative flux densities at 90 and 140 µm is parabolic
with a correlation coefficient of 0.88. Similarly in WISE
data, the relation between relative flux densities at 12 and
22 µm is obtained to be linear with a correlation coeffi-
cient of 0.96.

In general, the correlation between relative flux den-
sities at two different wavelengths of the same survey is
very high and positive which is as expected.

Dust Color Temperature

The dust color temperature for IRIS, AKARI, and WISE
data was calculated as given by equations (1), (3), and (4)
respectively. Assuming the dust as crystalline dielectric

17 S. Rijal et al.
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FIGURE 3. Flux Density Relationship Between Different Wavelengths of the Same Survey

β=2 was chosen. With the IRIS data, the temperature of
the region of interest is found between a minimum value
of 22.59±2.32 K to a maximum value of 36.82±4.30 K
with an offset of 14.23 K and an average temperature of
28.22±0.18 K. Using AKARI data, the temperature is
found between a minimum of 16.31±1.47 K and a max-
imum of 26.37±3.56 K with an offset of 10.06 K and
an average temperature of 19.25±0.15 K. Similarly in
WISE data, the temperature is found between a minimum
of 307.24±4.69 K and a maximum of 353.72±18.54 K
with an offset of 46.48 K and an average temperature of
316.62±0.81 K.

TABLE III. Temperature Distribution for Different Wave-
lengths

Surveys Temperature (K)
Minimum Maximum Offset Average

IRIS 22.59 ± 2.32 36.82 ± 4.30 14.23 28.22 ± 0.18
AKARI 16.31 ± 1.47 26.37 ± 3.56 10.06 19.25 ± 0.15
WISE 307.24 ± 4.69 353.72 ± 18.54 46.48 316.62 ± 0.81

Since the temperature of the dust structure is low (be-
low 30K) in IRIS and AKARI data, the structure under
study is mostly composed of cool dust grains [17]. More-
over, the high value of offset temperature suggests that the
structure might be evolving with disruptions from back-
ground radiative sources. According to Wien’s displace-
ment law (for lower wavelengths and temperatures), the
wavelength of black-body radiation (λ ) is inversely pro-
portional to the temperature (T), given by

λ =
b
T

(13)

where b is Wien’s displacement constant≈ 2898 µmK.
From TABLE II it is conspicuous that the tem-

perature data for all surveys are in correspondence with
Wien’s displacement law. Moreover, the distribution of
the temperature in all the surveys is found to be approxi-
mately Gaussian in nature as shown in FIGURE 4. Low

temperatures and approximately Gaussian distributions of
temperature suggest that the structure is tending towards
thermodynamic equilibrium.

Dust Mass and Jean’s Mass

The dust mass of the isolated region (Md) is calculated
as given by equation (7) under the stated premises. The
distance calculated from Gaia data using the parallax
method is used for mass estimation. The mass of gas
in the structure (MG) is estimated considering the mass
of the gas in ISM is about 200 times that of the dust
[12]. The dust mass of the isolated region is estimated to
be 0.03±1.5×10−6M�, 1.6×10−3±1.4×10−5M�, and
10−7±3×10−10M� respectively for IRIS, AKARI, and
WISE data. Similarly, the gas mass is calculated to be
5.15±3×10−4M�, 0.31±2.8×10−3M�, and 9.75×10−5

±6×10−8M� respectively in IRIS, AKARI, and WISE
surveys.

The parallax data from Gaia is used to roughly deter-
mine the 3D information of the structure and considering
the clouds to be cold; derived from wavelengths, Jean’s
mass of the isolated dust structure, (MJ)D is estimated
by applying a simple non-degenerate model. The Jean’s
masses of the structure are estimated around 178.44M�,
121.47M�, and 2001.93M� using IRIS, AKARI, and
WISE data respectively. Since Jean’s masses for all the
surveys are far greater than the masses of the structure,
theoretically the gravity of the structure is not dominant
enough for gravitational collapse. Thus there seems no
possibility of star formation within the region of interest.

Spectral Emissivity

On plotting spectral emissivity against average tempera-
ture in IRIS and AKARI data, the relationship is found to
be parabolic with a correlation coefficient = 1. However,

18 S. Rijal et al.
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FIGURE 4. Gaussian Distribution of Temperature in IRIS, AKARI and WISE Data. The IRIS and AKARI Data are Gaussian
Distributed while the WISE Data is Deviated from Gaussian: More Specifically Hyperbolic

FIGURE 5. Gaussian Distribution of Mass in IRIS, AKARI and WISE Data. The IRIS and AKARI Data are Deviated from
Gaussian Distribution (Hyperbolic) while the WISE Data is Gaussian Distributed.

TABLE IV. Mass of Dust, Gas and Jean’s Mass for Different
Surveys

Surveys Mass (M�)
Md MG (MJ)D

WISE 10−7±3×10−10 9.75×10−5±6×10−8 2001.93
IRIS 0.03±1.5×10−6 5.15±3×10−4 178.44

AKARI 1.6×10−3±1.4×10−5 0.31±2.8×10−3 121.47

in WISE data, there exists 7th-degree polynomial relation
as shown in the FIGURE 6.

Inclination Angle

The estimated major axis (a) and minor axis (b) from
Aladin v10.0 are used to calculate the inclination angle
according to equation (11), assuming an average intrin-
sic flatness of the nebula to be 0.23 [16]. The inclina-
tion angles are approximately the same for all the surveys
which are as expected because it represents the inclina-
tion of the structure from the galactic plane which should

be equivalent for all the surveys. The inclination angle
is neither close to zero (face-on) nor close to 90o (edge-
on) [18]. Face-on implies a spherical structure (parallel
to the galactic plane) and edge-on implies an ellipsoidal
structure (perpendicular to the galactic plane). Moreover,
the ratio of the minor axis to the major axis is less than
0.5 which implies the dust structure is neither spherical
nor ellipsoidal, however, somewhat deviated towards an
ellipsoidal structure.

TABLE V. Inclination Angle of the Dust Structure in Different
Surveys

Surveys b/a Ratio Inclination Angle (degrees)
IRIS (100µm) 0.39 71.12

AKARI (140µm) 0.33 75.73
WISE (22µm) 0.42 68.48

19 S. Rijal et al.
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FIGURE 6. Emissivity and Average Temperature Relation in IRIS, AKARI and WISE Data. Each Data Point Signifies the Average
Temperature Corresponding to Indices of Spectral Emissivity.

FIGURE 7. Isocontour Plots of Flux Densities, Mass and Temperature Distributions in IRIS, AKARI and WISE Data

Isocontour Map

Iso-contour maps on FIGURE 7 show a variation in the
distribution of IR flux density, temperature, and mass on
IRIS, AKARI, and WISE data. From the study of the
flux density distributions, it is found that the intensity of
flux density gradually increases towards the center of the
structure. Since the isolated structure is nebular, higher
flux density near the core is expected. Analyzing all the
surveys, the flux density distribution is found to be pro-

portional to the operating wavelength. Moreover, the flux
density distribution smoothly varies between various con-
tour levels commensurate with the resolution of the sur-
vey telescopes.

From the side-by-side comparison of flux density
and mass distributions, a direct relation between flux den-
sity and mass is observed. In all the surveys, the regions
with higher flux density also have higher mass. As the
structure is nebular, the region with high flux density
implies the accumulation of a larger amount of dust in

20 S. Rijal et al.
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FIGURE 8. Background Sources Obtained From SIMBAD Data Against the Isocontours of Mass Distributions

that region thus making it massive. The relationship vi-
sualized from the contour plot is in agreement with the
explanation. However, in AKARI data, lesser mass distri-
bution is found in some regions with high flux density and
in WISE data, regions with low flux density are observed
to be comparatively of low mass. This might be due to
the very low operating wavelength of WISE along with
the presence of a lot of background sources nearby the
structure.

On the other hand, the comparison between temper-
ature and mass distribution for different surveys led to the
inference that there exists no direct correspondence be-
tween temperature and mass in IRIS and AKARI data.
While in WISE data, the region with high-temperature
distribution is found to have higher mass distribution and
those with low-temperature distribution are found to have
low mass distribution.

Background Sources

Background astronomical objects around the dust struc-
ture are obtained from SIMBAD astronomical database.
Within the radius of 20’ around the coordinates RA
(ICRS): 3.79o and Dec. (ICRS): -39.20o, there are 809
astronomical objects among which stars are found domi-
nant.

The presence of a such large number of astronomi-
cal objects around the structure has a major influence on
the properties of the structure. The deviation of the dis-
tribution of mass as well as temperature from Gaussian
distribution can be interpreted as the influence of these
background astronomical objects. From the analysis of
FIGURE 8 it can be interpreted that within the regions
of higher mass, astronomical objects like stars, cepheids,
and emission objects are dominant. Since stars are con-
tinually radiating energy, cepheids are radially pulsating
causing variation in their diameter and temperature, and
emission objects, as the name suggests emit energy, the
distribution of mass as well as temperature is highly in-

fluenced by their presence in the background.

CONCLUSION

Various properties such as infrared flux density distri-
bution and relation, dust color temperature, dust mass,
Jean’s mass, distance, inclination angle, and spectral
emissivity of the dust structure nearby the white dwarf
WD0011-399, located at RA(J2000): 00h 13m 47.48s,
Dec.(J2000): -39◦ 37

′
24.28

′′
, were studied. The follow-

ing are the major conclusions of this research work:

• The size of the dust structure is estimated to be
26.08

′×10.17
′

(7.43 pc×2.90 pc), 10.47
′×3.48

′

(2.99 pc×0.99 pc) and 4.45
′×1.89

′
(1.26 pc×0.53

pc) in IRIS, AKARI, and WISE data respectively.

• For the same survey, the flux density is directly pro-
portional to the wavelength in case of longer wave-
lengths, i.e., 60−140 µm. However, the relation is
just the opposite in the case of shorter wavelength
i.e. 12−22 µm.

• The average temperature of the isolated region is
estimated to be 28.22±0.18 K in IRIS, 19.25±0.15
K in AKARI, and 316.62±0.81 K in WISE data.
The relation between wavelength and temperature
is in accordance with Wien’s displacement law.

• The study of the contour map shows there is no di-
rect relation between the distribution of mass and
temperature in IRIS and AKARI data. However,
there exists a direct relation between them in WISE
data.

• The central part of the isolated region has the high-
est temperature as well as mass than the outer re-
gions, representing the central region is thermally
active and compact while the outer region is ther-
mally stable.

21 S. Rijal et al.
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• The distance of the dust structure is estimated to be
979.49 pc.

• The study of background sources in the SIMBAD
database shows a large number of background ob-
jects near the structure which might be responsible
for the contribution of dust temperature and dust
mass within the dust structure.

• The temperature and mass distribution is close
to the Gaussian distribution which might indicate
the asymmetric distribution of ISM sources, such
as; dense core, part of the cloud, radio (sub-mm)
source, and the like, which are observed in the
SIMBAD database.

• Inclination angle is estimated to be 71.12◦, 75.73◦

and 68.48◦ with minor to major axis ratios of 0.39,
0.33 and 0.42 in IRIS, AKARI, and WISE data
respectively. This shows that the isolated region
within the dust structure is neither face-on nor
edge-on, however, the structure is slightly deviated
from its spherical shape.
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