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Abstract 
The study of the dust structure around a clump of star forming region sp1 has 
been performed at +01.9˚ latitude in the Infrared Science Archive (IRAS) 
map. The two different fits images of 60 µm and 100 µm are downloaded 
from sky view virtual observatory and a clump is selected as a study region. 
The flux densities at different points have been calculated using Aladin 
software. By analyzing two different Flexible Image Transport System (FITS) 
images of 60 µm and 100 µm the average temperature is obtained about 34.43 
K. The average diameter of this clump is found to have 4.47 pc. The plot of 
flux densities along diameter is found to have a Gaussian curve. Mass of the 
clump is found 0.036185 Mʘ, whereas the jeans mass for that clump is about 
27,896.75 Mʘ. Hence from those results, we find that the system is self-iso- 
lated with radiating dense core and there is no possibility of any star forma-
tion in that region. 
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1. Introduction 

As we understood that the interstellar cloud plays a significant role in the staller 
evolution. Different non-linear phenomena can occur in interstellar space due to 
influence of shock wave, gravitation, radiation, magnetic field etc. which is stu-
died in idealized model [1], but unable to describe all such phenomena in single 
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theory. Also, interstellar cloud is highly abundant in chemical composition, over 
40 different chemical species and variety of molecules have been discovered in 
interstellar cloud. The advanced and complex molecules discovered in interstel-
lar medium were the greatest surprise to astronomical community. Different fac-
tors such as chemical composition of cloud & dust, grain size, temperature, gra-
vitational field etc. can directly affect the state of interstellar cloud [2].  

Most part of the space is almost empty only certain proportion of gas and dust 
is found between the stars and galaxies. This region of dust and gas is known as 
interstellar medium (ISM) and has constitution of Hydrogen (HI), Ionized gas 
(HII), Molecular gas (H2), some heavier molecules and dusts suggested by Smith 
H.E in 2012. Densities of ISM are highly varied from 10−4 ions cm3 in ionized 
region to 106 molecules cm3 in molecular regions. If we look over the composi-
tion of ISM 99% of it is in gaseous molecules and 1% dust is particles [3]. 

The combined project of the US, UK and the Netherlands performed the sur-
vey of entire sky and made a complete map. The survey has carried out in 12, 25, 
60 & 100 µm wavelength, detects each point source and supplies photometry da-
ta. This survey provides data of more than 250,000 point sources [4].  

In this study a clump of dusts-cloud is selected bear the Sp1 nebula, which lies 
at 1450 pc distance. The fits images of 60 µm and 100 µm were taken from IRAS 
map. The flux densities at different points are calculated by using ALADIN v11 
Software. By observing the flux densities at 60 µm and 100 µm we calculate the 
average temperature of cloud. The major and minor diameters are also obtained 
by using parallax method to the data of angle between two points obtained from 
fits images using ALADIN v11 software.  

The variation of flux densities is also calculated along the major and minor 
diameters. From those calculated data and with the help of some formulas adopted 
from previous research papers, we calculate the dust mass and jeans mass for 
that particular location to check whether that region is in process of star forma-
tion. In addition, the Color map according to the flux densities is obtained using 
Python. Sp1 is a planetary nebula, the formation of a star near it, and the study 
of its interstellar medium is also crucial in astronomy. This study is carried out 
to find out the possibilities of the formation of a star in a large clump near the 
Sp1 nebula at galactic latitude +01.9˚. 

2. Theory 

2.1. Dust Temperature  

The dust temperature can be determined by measuring the flux densities at 60 
µm and 100 µm from IRSA map. The ratio of flux densities at 60 µm and 100 µm 
is used to calculate the temperature of the dust. The dust temperature T in each 
pixel of a FITS image can be obtained by assuming that the dust in a single beam 
is isothermal and that the observed ratio of 60 µm to 100 µm emission is due to 
blackbody radiation from dust grains at T, modified by a power law emissivity 
spectral index [5]. Now, considering that dust emission is optically thin at 60 µm 
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and 100 µm, we can write the ratio of the flux densities is 
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Thus if the value of β is known, the value of dust temperature will be known. 
In this research the value β is assume to be 2 [6]. 

2.2. Dust Mass  

The dust mass is measured by observing the flux densities of the dust at 100 µm 
in IRAS map. The longer wave can give more precise so we select 100 µm map 
instead of 60 µm. The flux density Fѵ, of the cloud at distance D, with N spherical 
dust grains with each of cross-section σ, temperature T, and the emissivity Qѵ is 
given by 
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This calculation gives the flux density [7]. 
Let v be the volume of each grain then the total volume is given by  

V Nv=                             (5) 

Replacing the value of N, the volume is given by 
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2
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The cross-section σ is  
2aσ π=                             (7) 

where a is the radius of grain, similarly the value of volume of grain is given by 

34
3

v aπ=                            (8) 

Replacing the value of σ and v in Equation (6), and calculating the volume of 
dust cloud V 

( )
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3 ,
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The density of dust grain is given by 
M
V

ρ =                            (10) 
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where M is the total mass of N grains and V be the volume. Now replacing the 
volume, we get the value of dust mass 

( )
24

3 ,
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Q B Tν

ρ
ν

=                        (11) 

The Equation (11) gives the values of dust mass constants [7] and [8]. 
Where, 
a = average grain size 0.1 µm, 
ρ = density of dust grain, here assumed 3000 kg∙m−3, 

Qѵ = emissivity 0.001 for 100 µm and 0.0046 for 60 µm, 
F = f × 1 MJy/Str × 5.288 × 10−9 where 1 MJy/Str = 10−20 Kg∙s−2 and f = flux 

density taken from IRAS map.  

2.3. Jeans Criteria  

In the gas cloud the process of star formation begins when the gas cloud is 
started to collapse due to its own gravity. If the mass of cloud is enough high to 
its potential energy exceeds its kinetic energy, then the star formation begins. 
This provides criteria for the critical mass. The calculation of critical mass was 
performed by Sir James Jeans in 1902 [9]. The jeans mass is given by 

3/2
1

J
kTM C
Gµ ρ

 
=  

 
                     (12) 

where C = 1 as suggested by [Fundamental Astronomy], 
K = Boltzmann’s constant, 
ρ = Density of dust cloud, 
µ = Average molecular weight,  
G = Gravitational constant,  
T = Temperature of dust cloud. 
If the dust mass (M) is greater than jeans mass (MJ) then the star formation 

will occur otherwise the possibility of star formation will vanish.  

3. Methodology 

3.1. Observation 

For our study we select 5˚ × 5˚ pixel IRAS images of flux density at 60 and 100 
microns (Figure 1) from our selected target Sp1 Nebula at (329.0, +01.9) galactic 
co-ordinate. First, we inspected our region in 5˚ × 5˚ pixel sized images through 
the entire range of galactic longitude latitudes. We fixed our region of interest at 
galactic latitude +0.4 after reducing the size of image into 1˚ × 1˚ pixel where 
one of the dense Clump of sp1 nebula is located at a distance of 1450 parsec [10]. 
SIMBAD (http://simbad.u-strasbg.fr) also used to find and identify the nebular 
structure around our region of interest. Software ALADIN v11 is used for data 
reduction, observation and calculation. 
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(a)                                   (b) 

Figure 1. IRAS images of flux density. (a) IRAS image of 60 µm; (b) IRAS image of 100 
µm. 

3.2. Data 

FITS images obtained for both 100 and 60 µm is studied, temperature and flux 
densities at a different location are taken by using ALADIN v11 software. Ob-
serving and comparing from both 60 and 100-micron images it is seen that the 
distribution of mass, temperature, and flux densities is found to be accumulated 
near the center of the structure.  

For both 100 and 60 µm FITS image, our region of interest was analyzed with 
the help of ALADIN v11 software. The flux emitted by object around the region 
of interest was taken for study and calculation after the background flux is fil-
tered. The flux emitted by source object is actual peak flux and flux emitted by 
other sources lying nearby the region of interest but not from the region of in-
terest is called background flux. 

3.3. Contour, Major and Minor diameter 

We have drawn the contour for both 60 and 100 µm images in our region of in-
terest with the help of ALADIN v11 software. For 60 microns we set contour 
level at 51,102 and 153 also, for 100 microns we fixed 108,144 and 180 contour 
levels. Following Figure 2 shows the contour of 60 and 100 micron images. 

Also we have drawn major and minor axis in our region of interest with the 
help of ALADIN v11 software. The major and minor axis of big giant clump is 
illustrated as follows (Figure 3). 

For 100 µm major diameter of the structure is obtained about 10.76' while the 
minor diameter is obtained about 10.46'. Also the value of major diameter for 60 
µm is 12.2' and 10.86' for minor diameter. 

4. Result and Discussion 

There different contour levels are drawn in IRAS FITS images of 100 µm and 60 
µm. The flux densities at different points of images are observed at each contour 
level. And calculate the average temperature, mass and jeans mass of selected re-
gion. 
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(a)                                   (b) 

Figure 2. Obtained contour for IRAS images of 60 µm and 100 µm. (a) Obtained Contour 
for IRAS image of 60 µm; (b) Obtained Contour for IRAS image of 100 µm. 

 

 
(a)                                   (b) 

Figure 3. Major and minor diameter of 60 µm and 100 µm IRAS images. (a) Major and 
Minor diameter of 60 µm IRAS image; (b) Major and Minor diameter of 100 µm IRAS 
image. 

4.1. Variation of Flux 

4.1.1. Distribution of flux 
The background flux is found to be centrally accumulated in both 60 µm as well 
as 100 µm image. While comparing the flux map of both 60 and 100 µm (Figure 
4), we have observed centrally located big hump of flux which shows the isolated 
property of nebular structure. Such hump gets decreased in 100 µm images, 
which indicates the presence of dense, radiating dust like structure in central re-
gion. 

4.1.2. Variation of Flux in Major and Minor Diameter 
Study of distribution of flux over the major and minor axis shows the how flux is 
distributed in such region. For both 60 µm and 100 µm IRAS map, we observe 
centrally dense flux. Following graph shows the variation of flux from center of 
region to the outer region which follows the Gaussian distribution. 

The above Gaussian distribution shows the centrally concentrated flux varia-
tion over the major and minor axis in both 60 µm and 100 µm IRAS images 
(Figure 5).  
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(a)                                                 (b) 

Figure 4. Distribution of flux (background corrected) over selected region. (a) Distribution of flux (background corrected) over 
the selected region of 60 μm IRAS image; (b) Distribution of flux (background corrected) over the selected region of 100 μm IRAS 
image. 

 

    
(a)                                                  (b) 

    
(c)                                                 (d) 

Figure 5. Flux variation along the major and minor diameter of 60 µm and 100 µm IRAS images. (a) Flux variation along the ma-
jor diameter of 60 µm IRAS image; (b) Flux variation along the minor diameter of 60 µm IRAS image; (c) Flux variation along the 
major diameter of 100 µm IRAS image; (d) Flux variation along the minor diameter of 100 µm IRAS image. 
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4.2. Dust Temperature 

By observing the flux densities at 60 µm and 100 µm image, we calculate the ra-
tio R between them. The different temperature at different contours is obtain by 
putting the value of R in equation 3. We calculate the average temperature of all 
the contour level using the value β = 2 [11]. 

Dust-gas temperature of outer region is 31.25 K which undergoes gradually 
increasing towards the core of a structure with reaching maximum temperature 
of 37.05 K (Table 1). The study shows the uniform distribution of temperature 
in nebular structure with hot dense core is surrounded by less cold and dense 
dust cloud. The average temperature of the dust cloud is 34.43 K. 

4.3. Dust Mass 

To calculate the dust mass, the flux density of the dust cloud is measured with 
the help of ALADIN v11. The average value of temperature (34.43 K) of dust 
cloud is taken. The distance of the Sp1 nebula is about 1450 pc. After substitut-
ing those values in Equation (11), we get mass of dust cloud (Table 2). 

4.4. Jeans Mass 

To calculate the jeans mass, the diameter of the dust cloud is measured with the 
help of ALADIN v11. The average diameter of the cloud is found to be 4.47 pc. 
The density of the dust is calculated by assuming that the structure is spherical 
with diameter of 4.47 pc. The value density is obtained about 2.49385 × 10−23 kg 
m−3. With the help of Equation (11) we calculated the jeans mass (Table 3). 
 
Table 1. Temperature of nebular structure at different contour levels. 

Contour Levels Temperature (T) 

Contour Level 1 37.05 K 

Contour Level 2 35 K 

Contour Level 3 31.25 K 

 
Table 2. Mass of dust cloud. 

Mass of the Dust Cloud Ratio to the Mass of the Sun 

7.23718 × 1028 KG 0.036185 Mʘ 

 
Table 3. The calculated value of jeans mass for the selected region. 

The Jeans Mass Ratio to the Mass of the Sun 

5.57935 × 1034 KG 27,896.75Mʘ 
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5. Conclusion 

The studied nebular structure is found lighter than the mass of the sun which is 
about 0.036185 Mʘ. The average diameter of a clump is 4.47 pc. We have studied 
the flux density variation in both the major and minor axis of the clump. A study 
of flux density shows heavily concentrated condensation of dust and a Gaus-
sian-like distribution is observed along major and minor diameters of the struc-
ture. Jeans mass of the clump structure is calculated 27,896.75 Mʘ, which is very 
high with a comparison of the actual mass of the clump and the average temper-
ature of the region is 34.43 K. From Gaussian distribution of flux variation over 
the major and minor diameter we conclude that, the system is self-isolated and 
less disturbed from the external factors. Structure is with radiating dense core 
and it is interestingly noticed that star formation in the region is not possible. 
But, if structure accumulates more masses than Jeans criteria (Jeans mass), the 
process of star formation might begin. If it is unable to collect more masses, it 
may turn into brown dwarf. 
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