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ABSTRACT

We performed a study of dust color temperature and Planck function distribution of a far-infrared
(FIR) planetary nebula structure (90 um and 140 ym) under the AKARI (infrared astronomy satellite
developed by Japan Aerospace Exploration Agency) survey. An interesting nebular structure (major
diameter ~ 1.57 pc and minor diameter ~ 1.38 pc) is found to lie at galactic longitude 67.907° and
latitude -0.249°, located at a distance ~1.7 kpc was selected for the study. 0.5°x0.5° AKARI all-sky
map of a structure was downloaded from Sky View Virtual Observatory
(https://skyview.gsfc.nasa.gov/) and then processed in the software ALADIN v2.503. The dust color
temperature was found to lie in the range 16.99 K to 37.36 K. We found an offset of about 20 K
which indicates that our structure is not independently evolved, or for the structure shaping

*Corresponding author: E-mail: astrosujan@gmail.com;



Gautam et al.; IAARJ, 2(2): 1-8, 2020; Article no.lAARJ.57280

mechanism, the role of discrete point sources in the field of the nebula is important. We also studied
the distribution of dust color temperature and Planck function along major and minor diameters. In
major diameter, particles were found to be oscillating sinusoidally. This suggests that particles are
not in thermal equilibrium and they are oscillating sinusoidally to get dynamical equilibrium. In minor
diameter, temperature and Planck function was noticed to be linearly decreased. Further, the far-
infrared spectral distribution of the structure was studied. The negative slope in the transition from
65 um to 160 um was noticed in the FIR spectral distribution of the nebula structure. Decreasing
spectral distribution advocates the decrease in the number density of dust particles.

Keywords: Planetary nebula; dust color temperature; AKARI; interstellar medium.

1. INTRODUCTION

The interstellar medium (ISM) consists of matter
and field, and matter contains gas and dust so
that different structures such as nebula, jets,
shells, filaments, arcs, lobes, loops, and cavities
can be seen effectively via far-infrared
telescopes. The bubbles and superbubbles
produced by high-pressure events are assumed
to rule the formation and evolution of these
structures [1], so these FIR dust structures
usually examined to be a clear hint of interaction
processes in the ISM [2]. Towards the finale of
their lifetime, almost all (95-98%) stars with low
and intermediate initial mass (~1-8 solar masses)
drop a significant fraction of their mass on the
Asymptotic Giant Branch (AGB) in the form of
massive winds, which drives them into the
Planetary Nebula (PNe) stage [3]. They are
widely recognized for their interesting range of
shapes and morphologies. Besides being ideal
laboratories for the analysis of different
astrophysical processes prevailing in
exceptionally exciting dilute nebulae, PNe and
their progenitors are the key objects for
understanding the evolution of stars [4]. The
modern study of PNe is very fruitful, with many
connections to adjacent fields of studies,
including stellar populations, stellar structure and
evolution, binary stars, radial metallicity gradients
in spiral galaxies and their evolution, as well as

galaxy rotation, evolution, merging, and
cosmology.
lyengar (1985) [5] studied far infrared

photometric data at 12, 25, 60, and 100 microns
from the Infrared Astronomical Satellite (IRAS)
on forty-six optically faint planetary nebula. They
determined the nebular parameters such as dust
temperature, total infrared flux, infrared
excesses, the mass of dust, and optical depth at
25 microns. The temperature was found to range
from 60-240 K. Nick et al., (2009) [6] presented
the results of a preliminary study of all known
galactic planetary nebulae (included in the

Kerber 2003 catalog) which were detected by the
AKARI/FIS All-sky Surveyor as recognized in the
AKARI/FIS Bright Source Catalog (BSC) version
B-1. Phillips JP, et al., (2011) [7] provided mid-
and far-infrared photometry of 857 Galactic
planetary nebulae using data derived from the
AKARI All-Sky Survey. It was noted that the IR
luminosities of the youngest PNe are comparable
to the total luminosities of the central stars, and
subsequently decline to ~ 5102 L where the
nebular diameter is greater than 0.08 pc. That
was consistent with an evolution of PNe dust
opacities, and appreciable absorption in young
and proto-PNe. The fall-off in dust temperatures
was similar to that determined in previous
studies, whilst levels of Ly heating were < 0.5 of
the total energy budgets of the grains. There
appeared to be an evolution in the infrared
excess (IRE) as nebulae expand, with the largest
values occurring in the most compact PNe. Ryou
O. et al., (2016) [8] performed a catalog of near-
infrared low-resolution spectra of 72 galactic PNe
with the infrared camera (IRC) in the post-helium
phase. Spectral fitting was used to measure the
intensity and equivalent width of the emission
features. Jha et al., (2017) [9] studied dust mass,
dust color temperature and inclination angle of
the core region of KK-loops, namely G007+18,
G143+07, G214-01, and G323-02, in IRIS maps.
These loops were found to be located around
pulsars PSR J1720-1633, PSR J0406+6138,
PSR J06520142, and PSRJ1535-5848
respectively. The dust color temperature of the
core region of these loops was found to lie in the
range of 19.4+1.2 K to 25.3+1.7 K. Aryal et al.,
(2009) [10] found that the planetary nebula NGC
2899 is located at the center of a huge (14 pcx11
pc) quadrupolar cavity, whose directions of axes
coincide with the directions of the most axes of
the optical planetary nebula. Aryal and
Weinberger (2006) [2] detected a new infrared
nebula (right ascension (R.A.)) = 08 h 27 m,
declination (Dec.) = +250 deg 54 m (J2000)) with
an apparent size of ~140' x70' on 60 um and
100 um IRAS maps, suggesting that the pulsar




PSRB0823+26 might be
shaping.

responsible for its

AKARI has been providing a database at 90 pm
and 140 um wavelengths. These wavelengths
are extremely useful to study the interstellar dust.
In this paper, the physical properties such as
structure size, distribution of flux density,
temperature profile, Planck function distribution,
flux density variation along the major and minor
axis, and far-infrared spectral distribution of a
planetary nebula at galactic longitude 67.9070
and latitude -0.2490, located at a distance about
1.7 kpc [11] are best described with necessary
explanations. Methods of calculation are
described in section 2. In section 3, a brief
description of the result and discussion will be
given. Finally, we conclude our results in
section 4.

2. METHODOLOGY

We found an interesting nebula structure for our
study with possible references and coordinates
query using the SIMBAD (the Set of
Identifications, Measurements and Bibliography
for Astronomical Data) database. A structure
(major diameter ~ 1.57pc and minor diameter ~
1.38pc) is found to lie at galactic longitude
67.907° and latitude -0.249°. We downloaded
0.5°x0.5° AKARI all-sky map of a structure at 65,
90, 140, and 160 pym bands from Sky View
Virtual Observatory [12]. For our study, we used
Aladin v2.5, one of the handy and extensively
used software, developed by Center de Donne's
astronomiques de Strasbourg (CDS) which is
designed to reduce and analyze the data
collected from the ground-based and space
telescopes covering all wavelength regions.
Information regarding the energy spectrum,
relative flux density with coordinates of each
pixel, different types of contour maps, longitude
and the latitude of the desired astronomical
structure can be obtained. After the selection of
interesting nebular structure, FITS (Flexible
Image Transport System) images at different
bands of AKARI were downloaded. Each pixel of
the FITS image of our region of interest was
analyzed using software Aladin v2.5. Various
sources of energy around the region of interest
obtained from SIMBAD possibly increase the flux
of region of interest. Flux density obtained from
90 um and 140 pm images were corrected by
subtracting it with the background. We described
a method of calculation of dust color
temperature, Planck function, and size of the
structure.
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2.1 Dust Color Temperature

We adopted the method proposed by Schnee et
al., [13] and Dupac et al. [14], for the calculation
of dust color temperature. The expression for the
dust color temperature in 60 and 100 um IRAS
(Infrared Astronomical Satellite) map is given by,

—-96

Ta = n{R x 0.6G+P)}

F(60um)

where the flux ratio R =
F(100um)

(2.1)

F(60 ym) and F(100 ym)are the flux densities in
60 um and 100 um respectively.

The background-corrected flux density at each
pixel inside the region of interest was measured
from the AKARI 140 upm image using
the software Aladin v2.5. Similarly, the
corresponding flux densities were measured from
the AKARI 90 um image. Using the ratio of the
flux density in the AKARI 90um to the flux
density in the AKARI 140 pm, as in IRAS survey,
the expression for dust color temperature for
AKARI map becomes [1],

-57
Ta = n{R x0.6G+A)} ’
F(90um)
F(140um)

where the flux ratioR =

2.2)

F(90 ym) and F (140 um) are the flux densities at
90um and 140pum respectively. Eq. (2.2) was
used for calculation of the dust color
temperature. The spectral emissivity index (B)
depends on dust grain properties like
composition, size, and compactness. For a pure
blackbody would have B = 0, the amorphous
layer-lattice matter has B~1, and the metals and
crystalline dielectrics have B~2 which was used
in our calculations [15].

2.2 Planck Function

The value of Planck function depends on the
wavelength  (frequency), and hence the
temperature. It is an important parameter to
study dust within the structure. In 1900, Planck
proposed a relation which is named as Planck
function, given by

(2.3)

c2

2hv3 1
e

where, h = Planck constant= 6.62 x 10" Js, ¢ =
velocity of light= 3 x 10® ms™, v = frequency at



which the emission is observed= 2.14 x 10** Hz,
k = Boltzmann constant = 1.38 x 10% JK*, and
T = temperature of each pixel.

2.3 Dust Size

The major and minor diameter of the structure
can be calculated by using a simple expression
i.e. [9],

where D is the distance to the structure and 8 is
the pixel size (in radian).

3. RESULTS AND DISCUSSION

We separated the maximum flux regions drawing
contours at 90 and 140 ym AKARI images using
Aladin v2.5 which is shown in Fig. 1(a) and 1(b).
The flux regions were covered within the contour
level 187 and 54. The distribution of flux density
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at 90 ym and 140 pm, flux density within the
contour level with R.A. and Dec., were plotted in
the contour map by using ORIGIN 9.0 as shown
in Fig. 1(c) and 1(d). The graph shows that all the
fluxes from minimum to maximum appeared
within the contour level. The maximum flux
region was found to lie at the center.

Flux density at each pixel was measured in
different bands of the AKARI map. Fluxes at 90
pm and 140 ym were plotted with the help of
ORIGIN 9.0 to see the distribution of flux density
within the core region of the structure as shown
in Fig. 2(a). From the plot, we can see that flux
variation in both higher and lower flux was
linearly distributed. The slope of the line was
found to be 0.61 with the correlation coefficient
R= 0.91. The significance of the linear fit in the
flux variation is that it gives us a ratio of lower to
higher flux which can help us to calculate the
average dust color temperature of the structure.
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(0.5%:0.5%)
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Fig. 1. (a) 0.5'x0.5° FITS image of the structure at 90 pum AKARI map. (b) 0.5°x0.5° FITS image of
the structure at 140 ym AKARI map. (c) Contour map at 90 um flux density. (d) Contour map at
140 pm flux density where the PNe is located at R.A = 67.907°, Dec. = -0.249° (Galactic)



The ratio of fluxes at 90 and 140 ym at each
pixel was measured using the software Aladin
v2.5 for the estimation of dust color temperature
at each pixel of the structure. Equation (2.2) was
used for the calculation of dust color
temperature. The plot of the variation of
temperature with corresponding R.A. and Dec. is
shown in Fig. 2(b). The graph shows that
temperature distributions were found in clusters
of separate layers but an interestingly maximum
temperature region was shifted from the
maximum flux density which is an unusual
behavior. Such type of nature is found due to
external factors possibly due to pulsar wind, AGB
wind, white dwarfs, etc around the structure.
Fig. 2(c) represents the Gaussian fitting of
temperature versus the number. We found the
Gaussian center at 24.67 K with standard error
0.73 K. The average temperature of the structure
was found to be 20.91 K using the slope of the
best-fitted curve obtained from Fig. 2(a). The
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minimum and maximum temperature in the
region of interest was found in the range 16.99 K
to 37.36 K. We got an offset of about 20 K which
indicates that our structure is not independently
evolved or, for the structure shaping mechanism,
the role of discrete point sources in the field of
the nebula is important [1].

We plotted the contour map of Planck function (in
Wm?SrHz") within the structure, which is
shown in Fig. 2(d). The Planck function shows
the spectral density of electromagnetic radiation
emitted by a body at a temperature. The spectral
density shows how the energy of a signal or a
time series is distributed with frequency. The
contour separates the different spectral densities
whereas the color indicates them. The plot
shows that the spectral densities were found to
be uniformly distributed in different layers, but the
maximum density was found to lie away from the
center.
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Fig. 2. (a) The 160 um verses 90 um flux density in the region of interest. (b) Contour map of
dust color temperature (c) Gaussian fit of dust color temperature. (d) Contour map of Planck
function where the PNe which is located at R.A = 67.907°, Dec. = -0.249° (Galactic)
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Fig. 3(@) and (b) show the distribution of
temperature and Planck function respectively
along major diameter in which the temperature
and Planck function of dust particles was found
to be oscillating. We found that the particles were
oscillating sinusoidally. This suggests that
particles are not in thermal equilibrium and they
are oscillating sinusoidally to get dynamical
equilibrium [14]. In the minor diameter, dust color
temperature and Planck function was found to
decrease linearly.

Spectral  distribution is a plot between
wavelength and flux density. We studied the
spectral distribution of the far-infrared nebula at
galactic longitude 67.907° and latitude -0.249°
which is shown in Fig. 4. We found negative
slopes in the transition from 65 pm to 160 pm in
the spectral distribution of the nebula structure.
The minimum negative transition was obtained
from 140 pum to 160 um. Decreasing spectral
distribution suggests a decrease in the number
density of dust particles [16]. Using the distance
tool available in the software Aladin v2.5, we
measured the distance in major and minor
diameter of the nebula structure taking maximum
flux region as a center as shown in Fig. 5. Using
equation 2.4, we calculated the size of the
nebula structure. We used the distance (D) 1.7
kpc [11] for our structure. The major and minor
diameter of the structure was found to be 1.57 pc
and 1.38 pc respectively.

4. CONCLUSION

Dust color temperature and Planck function
distribution of the planetary nebula at galactic
longitude 67.907° and latitude -0.249° in the
AKARI map was studied. Further, flux density
variation, temperature variation, and Planck
function along the major and minor diameter,
size of the structure, and spectral distribution of a
structure was studied using the software Aladin
v2.5. The plot between flux density in 90 um and
140 um AKARI suggests that the flux variation in
both higher and lower flux was linearly distributed
with the slope of the line 0.61, and the correlation
coefficient 0.91. Average dust color temperature
was found to be 20.91 K at our region of interest
ranging from 16.99 K to 37.36 K with the offset of
about 20 K which suggests that our structure is
not independently evolved or the role of discrete
point sources in the field of the nebula is
important for the structure shaping mechanism.
From the plot of Planck function distribution,
spectral densities were found to be uniformly
distributed in different layers, but the maximum
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density was found to lie away from the center.
Dust color temperature and Planck function
distribution along major and minor diameters
were also studied. In major diameter, particles
were found to be oscillating sinusoidally. This
suggests that particles are not in thermal
equilibrium and they are oscillating sinusoidally
to get dynamical equilibrium. In minor diameter,
we witnessed the linear decrease in dust color
temperature and Planck function. The size of the
nebular structure was calculated as 1.57 pc x
1.38 pc. From the study of the spectral
distribution of FIR nebula structure, a negative
slope in the transition from 65 pm to 160 um was
noticed. Decreasing spectral distribution, as
accounted by the negative slope during the
transition, points out the decrease in the number
density of dust particles within the structure. This
study serves as a baseline to carry out further
studies about the shaping mechanism of
Interstellar Medium.
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