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CHAPTER I 

INTRODUCTION 

 

1.1 Research background  

 This work is a continuing study from my bachelor’s project: “A STUDY OF 

CMB FOREGROUND SPECTRAL INDEX USING PLANCK DATA RELEASE II”. 

The sky temperature data from PLANCK mission was used for calculating the spectral 

index. Spectral indices can be separated due to radiation mechanisms such as 

synchrotron radiation, free-free emission, thermal dust emission and spinning dust 

radiation. From our spectral index calculation, there are some interesting regions with 

unusually high spectral index near the galactic plane. The high frequency waveband 

from PLANCK data was dominated by thermal dust emission with spectral index 

around 3-4. Such emission was released from high temperature dust which can be 

heated up from nearby stars and protostar. But there are some regions which have 

unusually high spectral index around 9, therefore there is a possibility that these regions 

might be affected by combinations of various mechanisms. In this work, we focus on 

multi-wavelength data probing in these regions, it can better distinguish different 

underlying radiation responsible for the unusually high spectral index. In the Universe, 

there are many radiation sources (supernova or supernova remnant, thermal radiation 

from hot gas, AGN and other),  

these mechanisms radiate the electromagnetic wave in wide range of frequencies, the 

signal from each radiation source will dominant in specific wavelength. Thus, we can 
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study these mechanisms can be studied using the multi-wavelength observation (radio, 

infrared, and others). At present, there are many data have been released and some are 

available for public and they can be used for considering the sources of the unusually 

high spectral indices in these regions. 

 

1.2 The aim of this work 

Firstly, the mechanism that cause unusually high spectral indices area should be 

explained by using multi-wavelength data. Secondly, study the spectral energy 

distribution (SED) of many different processes which generate foreground emission, 

would be used for obtaining the Cosmic Microwave Background (CMB) survey. 

This thesis is separated in to 5 chapters. Chapter I presents the overview of this 

work, why we have to study the unusually high spectral index mechanism and the 

objective of this work. In chapter II, we present the literature survey and review about 

the multi-wavelength observation of the Universe (infrared, ultraviolet, X-ray and 

gamma ray) which are very important to study for this work. The review of 

astronomical mechanism which possibly make the unusually high spectral index effect 

is also shown in this chapter. In chapter III, the method and all detail of observation 

data and many conditions which we use in this work, sources of multi-wavelengths data 

and comparison method are presented. Result and discussion of the interesting points 

are shown in the chapter IV. In the last chapter, we present summary of this work and 

what we can continue study in the future. 

 



 

CHAPTER II 

LITERATURE REVIEW 

 

2.1   The spectral index  

Planck satellite was launched for measuring the temperature in each position in 

the sky, to study CMB radiation by measuring flux or intensity at different positions in 

the sky using various frequencies. In order to convert intensity to temperature, we use 

the Planck’s law 

 

𝐼(𝑣, 𝑇) =   ( )                            (2.1) 

 

Where 𝐼(𝑣, 𝑇) is the spectral radiance, 𝑣 is a frequency of observation, T is a 

temperature, 𝑐 is a speed of light and 𝑘  is Planck ’s constants. 

To simplify the conversion of equation (2.1), Rayleigh-Jeans approximation is used. 

The temperature calculated in this way is called “brightness temperature” and is given 

by 

 

 𝑇 =                                            (2.2) 

 



  4 

where 𝑇  is brightness temperature at frequency v.  

Then we can derive the spectral index(𝛼) depend on brightness temperature and 

frequency. 

 

𝑇 =  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ∙ (𝑣 )                                 (2.3) 

 

When Tb equal to ν-2  multiply by constant, we can simplify that brightness 

temperature depend on the changing of frequency   

 

𝑇  ∝  𝑣                                            (2.4) 

                                      

From equation 2.3 to 2.4, we separate the spectral index to two types because 

the changing frequency in equation 2.3 power by -2, we define alpha and beta spectral 

index when α = β - 2. We use α for calculate the spectral index from slope of the 

brightness temperature and frequency, we will minus the spectral index value by 2 for 

converting to alpha spectral index in equation 2.4. 

And spectral index will depend on type of radiations which can be obtained 

from the slope of brightness temperature and frequency. 

 

𝛼 =  
∆ ( )

∆ ( )
− 2                                   (2.5) 
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 The brightness temperature for each type of emission in each frequency bands 

(Planck Collaboration, 2015) are shown in figure 2.1. We can estimate the spectral 

index from slope is around 2~3 in thermal dust spectral band (in frequencies range 70 

to 353 GHz).  

 From equation 2.1 to 2.4, these are depended on the intensity in PLANCK ’s 

law. In this work we concern only frequency range 143, 217 and 353 GHz where we 

found the unusually high spectral index. We assume that the intensity of PLANCK data 

in these frequencies have been followed the black body radiation and we assume 

equation 2.1 to 2.2 using Rayleigh Jeans approximation. In this frequency range we can 

concern foreground effect from thermal dust radiation only because the brightness 

temperature of thermal dust is dominated in this frequency range. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Brightness temperature in each type of emission in each frequency bands 

(Planck Collaboration, 2015). 
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2.2    Multi-wavelength observation 

  The multi-wavelength observation is a universe observation in different 

frequencies band example is radio, X-ray and other. In figure 2.2 shows that the optical 

observation is a very small range in the all electromagnetic wavelength and can also be 

transmitted through the Earth’s atmosphere. So, the radio and other wavelengths should 

be used for opening widely to the Universe observation. 

 

 

 

 

 

 

 

 

 

 

 

2.3 Radiation sources in the Universe 

 In the Universe have many objects which can generate electromagnetic 

radiation, for example the star forming regions, supernova, neutron star, molecular 

cloud etc., they will release synchrotron radiation, free-free emission, thermal dust 

emission and other radiation depend on object types. For separating the observation 

data in order to distinguish type of the radiation, we use multi-wavelength data because 

Figure 2.2 Atmospheric electromagnetic transmittance or opacity (NASA.gov). 
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some mechanism will dominate in certain frequency range and cannot be seen in some 

frequencies. 

2.3.1  Molecular cloud observation near the Galactic plane 

  The unusually high spectral index region locates near the Galactic plane, 

in this region surrounded by halo of dust and molecular cloud. Therefore, the study the 

molecular cloud is needed in order to finding the possible mechanism which might 

cause the unusually high spectral index regions. Hydrogen molecule(H2) is hardly 

detected directly therefor we use the evidence of carbon monoxide (CO) because the 

ratio of CO to H2 is fairly constants, therefore such gas is concentrated in the spiral 

arms in discrete “molecular clouds” which are often places of star formation. The CO 

emission can be observed at 115 GHz (Yuefang T. et al., 2012); (Liu T. et al., 2015). 

In figure 2.3 shows the molecular cloud observation in some part of the Galactic plane, 

we can see many of the molecular cloud locate near the galactic plane and maybe 

surrounding by halo of dust. 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 The observation of the molecular cloud in some part of the Galactic plane 

(Bronfman et al., 1996). 
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2.3.2  Star forming region and hot young star cluster 

  The star forming region is the area of high-density energy, gravity and 

temperature. This process released a very strong radiation, probably it has some effect 

to unusually high spectral index. The star forming region can be found in the high 

thermal region. Infrared (covered 12, 60, and 100 µm wavelength) and X-ray band (0.25 

keV, 0.75 keV, and 1.5 keV) can be used for discovering this region (Kastner et al., 

1997); (Clark, 1975) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Diagram of the expected X-ray components from a giant molecular cloud 

with a blister HII  region, embedded young star clusters and distributed star formation. 

The hatched region outside of the cloud represents a supernova remnant, and shaded 

regions within the cloud represent partially ionized X-ray dissociation regions 

(Feigelson, 2001). 
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From figure 2.4, the X-ray components observation in giant star formation 

region have been shown. We can detect wide range of X-ray wavebands from star 

formation region which depend on type of component (young star, high temperature 

dust and other mechanism) (Busfield et al., 2006) 

 The hot young star cluster is one of strong mechanism with release the 

electromagnetic wave in the universe. Figure 2.5 presents the hot young star cluster 

emitted the ultraviolet waveband (UV) from its shell and also release line emission from 

the HII regions and dust which locate inside of this cluster. A few lucky photons can be 

emitted from the shell of this cluster in UV wave band. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 The mechanism of UV radiation in the hot young  star cluster (Rathborne 

et al., 2014). 
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2.3.3  Supernova remnant  

  Supernova is a very large explosion at the end of stellar evolution. From 

the large explosion, it spreads very high temperature or energy matter to all direction. 

As time passes, we can see the evident in form of very high temperature region 

(normally we call nebula). At the lower energies, the cold interstellar gas strongly 

absorbs X-rays, and clouds of gas are seen as shadows against background X-ray 

emission. The different color variations shows the absorption or of the temperatures of 

the emitting regions. The Galactic plane have the highest-energy X-rays which can pass 

through the large column densities of gas. The X-rays can use to discovers the 

supernova remnant (Clark, 1975). 

  From figure 2.6 shows that the Supernova Remnant (SNRs) can release 

wide range of infrared wave bands  (near-IR, mid-IR and far-IR) (Temim et al., 2012). 

It depends on the phase of evolution, SNRs in the evolution state released shock wave 

push the dust to all direction from the Supernova explosion. 
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Figure 2.6 Top left: Hubble Space Telescope Ha line image of SN 1987A, showing 

the equatorial ring and the inner SN ejecta. Top right: ALMA 450 μm continuum 

image, confirming that the dust emission at far-IR wavelengths spatially coincides 

with the SN ejecta. Bottom: IR photometric and spectroscopic data for SN 1987A 

(Temim et al., 2012).  



 

CHAPTER III 

METHODOLOGY 

 

3.1  The unusually high spectral index regions 

In this work we focused on 2 unusually high spectral index regions from many 

unusually high spectral index regions which calculated from PLANCK HFI spectral 

index map. We did not concern other regions because they are located near the strong 

radiation sources such as Active Galactic Nuclei, the Galactic plane, etc. The center of 

selected unusually high spectral index regions locate at Galactic latitude and longitude 

-4.75, -3.16 and 10.63, -19.22 which shown in figure 3.1. Firstly, we obtain the location 

of the maximum spectral index of each unusually high spectral index regions. Then we 

set the condition of getting the edge of the unusually high spectral index region where 

the spectral index decrease to 30% of the maximum spectral index. Finally, we define 

two axes along North-South (N-S) and east-west (E-W). We found the size is around 

127.84 arcmin (E-W) and 106.53 arcmin (N-S) for region 1 and region 2, the size is 

64.34 arcmin (E-W) and 72.44 arcmin (N-S). The shape of unusually high spectral index 

regions are shown in figure 3.2. 
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3.2  Comparing selected regions with the normal regions 

 In order to compare the unusually high spectral index regions and the normal 

spectral index regions, we set the condition for the normal spectral index region is the 

region where the average spectral index is around 3-4. We have selected 10 normal 

spectral index regions which has the same area size as the unusually high spectral index 

Figure 3.1 The location of the unusually high spectral index regions in white circles.  

Figure 3.2 The shape of the unusually high spectral index regions. 

Region 1 

Region 2 

Region 1 Region 2 
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regions. The location and detail of these normal spectral index regions are presented in 

table 3.1.   

Table 3.1 The names, locations, map resolution and the map pixel size of each normal 

spectral index regions. 

Name Location (l,b) Resolution 
(arcmin) 

Map size 
(arcmin2) 

NR1 23.2284071, 5.63432156 0.3 150x150 

NR2 -43.3234491, 5.00930132 0.3 150x150 

NR3 -61.5000453, 5.62252000 0.3 150x150 

NR4 -60.8769584, -2.53832132 0.3 150x150 

NR5 -25.4547002, -2.53491113 0.3 150x150 

NR6 -35.6572240, -1.53455660 0.3 150x150 

NR7 35.0025604, -1.344091243 0.3 150x150 

NR8 35.1907544, 3.29632156 0.3 150x150 

NR9 44.5847330, 2.70432305 0.3 150x150 

NR10 70.6758343, 2.70945673 0.3 150x150 

 

 The spectral index map and temperature map of 10 normal comparison regions 

are presented in figure 3.3 and the spectral index map and temperature map at 143 GHz 

of unusually high spectral index regions shown in figure 3.4. The unit of temperature 

in this work is Kelvin CMB.  
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Figure 3.3 The spectral index map (left) and temperature map at 143 GHz (right) of 

the normal spectral index region 1 to 10 (NR1-NR10), temperature in unit of K_CMB. 

(NR1) (NR2) 

(NR3) (NR4) 

(NR5) (NR6) 

(NR7) (NR8) 

(NR9) (NR10) 
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3.3  Multi-wavelengths data 

 In order to cover all frequencies spectrum: infrared, ultraviolet, X-ray and 

gamma-ray are considered. The result of each waveband will represent some interested 

astronomical mechanism in the unusually high spectral index region.  

  

 

 

 

Figure 3.4 The spectral index map (left) and temperature map at 143 GHz (right) of 

the unusually high spectral index regions, temperature in unit of K_CMB. 

Unusually high spectral index region 1 

Unusually high spectral index region 2 
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3.3.1  Infrared data 

  We obtained the all sky survey Infrared data from Wide-field Infrared 

Survey Explorer (WISE). WISE released first complete all sky survey in infrared data 

in February 2011, this data is available on WISE online public website. The infrared 

data from WISE cover all sky which is shown in figure 3.5.  

 

 

 

 

 

 

 

 

 

 

 

 3.3.2  Ultraviolet data 

  We obtained the ultraviolet data from the Galaxy Evolution Explorer 

(GALEX). GALEX observe both of Far Ultraviolet (FUV) and Near Ultraviolet (NUV). 

GALEX did not observe in the region around the Galactic plane and in near the Galactic 

plane, coverage field on the sky of the FUV and NUV observation from the GALEX are 

shown in figure 3.6. The UV coverage field condition is an important condition which 

can be used for selecting the regions for this work (in 3.1 and 3.2). 

 

Figure 3.5 WISE sky coverage and number of observations in each regions (WISE). 
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 3.3.3  X-ray data 

  We use the x-ray data from the ROSAT X-ray all sky survey. In this wave 

band we found some problem that the X-ray data not coverage all sky. In the unusually 

high spectral index region, we do not have full cover area data. Some normal spectral 

index regions do not have the X-ray data. The X-ray data from ROSAT coverage all sky 

which shown in figure 3.7. 

 3.3.4  Gamma ray data 

  In this work we use the gamma ray data which provided by the Fermi 

mission. The gamma ray data from Fermi coverage all sky which shown in figure 3.8. 

In the same as X-ray data, the data in gamma ray are not covered some regions in the 

unusually high and normal spectral index regions which we are interested in this work. 

Figure 3.6 NUV sky coverage (top) and FUV sky coverage (bottom) (Bianchi et al., 

2017). 
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Figure 3.7 Show ROSAT sky coverage and exposure time of observation (NASA). 

Figure 3.8 Show Fermi sky coverage of observation (NASA). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4  Raw data calibration 

 One of the most important things in this work is data calibration because we use 

the multi-wavelengths data from different data sources. We show all detail of raw data 

in each wavelength in table 3.2. Our aim of this work based on the result which 

calculated from Planck that use for reference calibration. Simplicity of comfortable the 
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Figure 3.9 Overview of diagram for doing this work. 

calibration the coordinate of all data needs to change to be the same unit (Galactic 

coordinate), using IDL. In the IDL we can change the coordinate in fits file (from pixel 

index to the Galactic coordinate, from Ra/Dec to the Galactic coordinate and other 

coordinate in fits file to the Galactic coordinate). In this work, we consider unusually 

high spectral index regions within map size 500 x 500 pixel and angular size or beam 

width per one pixel from Planck is 0.3 arcmin. We will use map size and beam width 

size from Planck to reference for calibration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multi-wavelength raw data 
(flux or intensity, coordinate) 

Convert coordinate to 
Galactic coordinate 

Convert beam width to 0.3 
arcmin  

Set the minimum threshold of 
flux in each data for mapping   

Mapping each data with same condition in the 
unusually spectral index and normal spectral 
index 
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Table 3.2 The details of data which are used in this work. 

Wave 
bands 

Data source  Beam width 
(arcmin) 

Sky coverage 
area 
(%) 

Coordinate Flux unit 

143 GHz Planck 0.30 100% index of pixel mJy 

Infarred WISE 0.11 100% Galactic mJy 

Ultraviol
et 

GALEX 0.10 84.4% (NUV) 
77.3% (FUV) 

Galactic magnitude 

X-ray ROSAT 0.17 67.3% Equatorial cm-2s-1MeV-1sr-1 

Gamma-
ray 

Fermi 0.20 100% Equatorial cm-2s-1MeV-1sr-1 

 

 

3.5  Histogram and mapping for comparison  

 We use the histogram for counting number of signals which we consider 

between the unusually high spectral index regions and the normal spectral index 

regions, because it clearly shows the different between 2 groups of data. The number 

of pixels which detected infrared, UV, X-ray and gamma-ray versus logarithm of 

wavelengths are plotted. For better understanding about mechanism that affected the 

unusually high spectral index, we plot the location of each signal from multi-

wavelength data on to map of the selected regions.  

 

 

 

 

 



 

CHAPTER IV 

RESULT AND DISCUSSION 

 

4.1  Correlation of location between unusually high spectral index 

region and low temperature region at frequency 143 GHz 

 The unusually high spectral index and temperature at frequency 143 GHz are 

mapped within same location and size 150x150 arcmin. This region has same location 

as a low temperature region in frequency 143 GHz, shown in figure 4.1. However, in 

the normal spectral index regions, there is no significant with low temperature at this 

frequency. The example temperature map of 2 normal spectral index regions as shown 

in figure 4.1 (B) and (D).  

 The temperature and spectral index maps indicate that they have a correlation 

with some low temperature radiation mechanism which is dominated at 143 GHz. 

 

4.2  Multi-wavelength data result 

 The histogram for counting the number of pixels which can be detected the 

signal from each waveband (infrared, ultraviolet, X-ray and gamma-ray), in figure 4.2 

and 4.3. At the infrared waveband, the number of pixels which detected signals in the 

unusually high quite equal to number of pixels which deleted signals in the normal 

spectral index regions (in these plots we average 7 normal regions for consideration, 



  23 

we cannot use all of 10 comparison regions because some condition about sky 

coverage- limit of these data). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the UV waveband (both of FUV and NUV), the number of detected pixels in the 

unusually high higher than in the normal spectral index regions. In the X-ray waveband, 

the number of signals is very low because the unusually high spectral index regions 

locate very close to the Galactic plane. The X-ray observation is very difficult to do in 

these regions because the data was dominated by the radiation from high energetic dust 

and gas which these surrounded around the Galactic plane. Like the X-ray wave band, 

(A) (B) 

(C) (D) 

Figure 4.1 The compared maps between spectral index and temperature, (A) spectral 

index in left side and temperature in right side of unusually high spectral index region 

1, (B) spectral index in left side and temperature in right side of normal spectral index 

region 1, (C) spectral index in left side and temperature in right side of unusually high 

spectral index region 2, (D) spectral index in left side and temperature in right side of 

normal spectral index region 7, temperature in unit of K_CMB. 
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the gamma-ray signals are very low in the unusually high spectral index regions because 

the observation condition. In the X-ray and gamma-ray wavebands we cannot compare 

with the normal spectral index regions because the data in these wavebands not 

coverage in the normal regions. 

 We project the location of sources for each waveband in to the map of the 

unusually high spectral index regions.  

 Figure 4.4 shows the map of the unusually high spectral index region 1, most of 

UV sources locate in the edge of the region and some of sources locate outside of the 

region. All of the Infrared data located outside the region. The X-ray and gamma-ray 

data found one source in this map and locate outside of the region, their presented are 

not related to the unusually high spectral index. 

 In figure 4.5 shows the map of the unusually high spectral index region 2, most 

of UV sources locate in the edge of the region and some of sources locate outside of 

the region. All of the Infrared data located outside around the region. The X-ray and 

gamma-ray data found two sources in this map and locate outside of the region, they 

are not related to unusually high spectral index. The same result is shown in the 

unusually high spectral index region 1. 

 

 

 

 

 

 

 



  25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

u
re

 4
.2

 H
is

to
gr

am
 o

f 
nu

m
be

r 
of

 p
ix

el
s 

w
hi

ch
 d

et
ec

te
d 

si
gn

al
 i

n 
ea

ch
 f

re
qu

en
cy

 b
an

ds
, 

co
m

pa
re

 b
et

w
ee

n 
th

e 
ob

se
rv

at
io

n 
da

ta
 i

n 

un
us

ua
ll

y 
hi

gh
 s

pe
ct

ra
l i

nd
ex

 r
eg

io
n 

 1
 a

nd
 7

 a
ve

ra
ge

 th
e 

no
rm

al
 s

pe
ct

ra
l i

nd
ex

 r
eg

io
ns

. 



  26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

u
re

 4
.3

 H
is

to
gr

am
 o

f 
nu

m
be

r 
of

 p
ix

el
s 

w
hi

ch
 d

et
ec

te
d 

si
gn

al
 i

n 
ea

ch
 f

re
qu

en
cy

 b
an

ds
, 

co
m

pa
re

 b
et

w
ee

n 
th

e 
ob

se
rv

at
io

n 
da

ta
 i

n 

un
us

ua
ll

y 
hi

gh
 s

pe
ct

ra
l i

nd
ex

 r
eg

io
n 

 2
 a

nd
 7

 a
ve

ra
ge

 th
e 

no
rm

al
 s

pe
ct

ra
l i

nd
ex

 r
eg

io
ns

. 



  27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Mapping location of center of source in each waveband which detected in 

the unusually high spectral index region 1.  

Figure 4.5 Mapping location of center of source in each waveband which detected in 

the unusually high spectral index region 2.  
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4.3  The result in the Ultraviolet waveband 

 From the spectral energy distribution in section 4.2, we found the interesting 

result in the UV waveband because the signal in the unusually high spectral index 

regions clearly higher than in the normal spectral index regions. We consider this 

waveband specifically by adding more detail in the plot this waveband. UV data from 

GALEX consists of index of pixel location where UV was detected, and we can obtain 

the flux of UV in each pixel. Then, we plotted the histogram of FUV and NUV for the 

unusually high spectral index region and the normal spectral index region as shown in 

figure 4.6 and 4.7. From these figures, we can see that the histogram of pixel numbers 

which represents FUV and NUV signal within wide range of UV flux (0-100 mJy), both 

of histograms show similar result. The flux of FUV and NUV in the unusually high 

spectral index region is higher than the normal spectral index region. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 Histogram of detected FUV signal pixels in the unusually high spectral 

index region (top line) and average histogram of detected FUV signal pixels in 7 

normal regions (bottom line).  
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 The result in UV shows that the unusually high spectral index regions have some 

significant with the UV signal, we plot distribution of UV signal in the unusually high 

spectral index regions in figure 4.8,4.9. From plot of UV distribution, all the UV signal 

locate in the unusually high spectral index regions.   

 Figure 4.8 and 4.9, distribution plot shows the clump of FUV and NUV in the 

unusually high spectral index regions 1 and 2. The threshold for plot the distribution is 

around 30% from maximum of flux of UV (both of FUV and NUV). In the region1 the 

clump of FUV quite found more than NUV (around 27%). In the region 2 the clump of 

FUV quite found more than NUV (around 54%). The ratio of FUV and NUV can 

represent to the age of the star cluster in these regions. We can predict that the hot star 

cluster which affect high spectral index is quite young.  

 

Figure 4.7 Histogram of detected NUV signal pixels in the unusually high spectral 

index region (top line) and average histogram of detected NUV signal pixels in 7 

normal regions (bottom line).  
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Figure 4.8 Distribution plot of FUV (left) and NUV (right) in the unusually high 

spectral index region1 (mapping on to the high spectral index within grey scale). 

Figure 4.9 Distribution plot of FUV (left) and NUV (right) in the unusually high 

spectral index region2 (mapping on to the high spectral index within grey scale). 



 

CHAPTER V 

SUMMARY AND FUTURE WORK 

 

5.1  The relation between unusually high spectral index with low 

temperature regions at frequency 143 GHz 

 The unusually high spectral index regions have the same location as the low 

temperature regions at frequency 143 GHz, it indicates that how the mechanism of 

unusually high spectral index relates to some unknown low temperature regions. The 

spectral index, α, directly depends on the difference in the fluxes/temperatures at 

different frequencies used in the calculation. In this case the difference value is higher 

because of low temperature at frequency 143 GHz. The low temperature region at 143 

GHz indicate that these regions may be surrounded by cold gas which is the essential 

component of the molecular clouds and star formation regions. 

 

5.2  Summary of multi-wavelengths data 

 From the result in chapter IV where we used multi-wavelength data for 

considering the possibility of which mechanism is responsible for the unusually high 

spectral index regions. The data in infrared, ultraviolet, X-ray and gamma-ray 

wavebands were studied. The comparisons between the unusually high and normal 

spectral index regions in these  
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wavebands show that the mechanism must be dominated by the IR and UV radiation 

processes. 

 5.2.1  The shock fronts of Supernova Remnant surrounds the unusually 

high spectral index region 

  A Supernova Remnant (SNRs), during its evolution state released shock 

fronts that push the dust in all direction, from the Supernova explosion happened some 

time ago. This mechanism expects to emit x-ray radiations via Bremsstrahlung process 

caused by the shock fronts. Thus, X-ray data were studied in our high spectral index 

regions. These are taken from ROSAT public data archive. However, we found no 

evidence of significant X-ray radiation in these regions, as shown in figure 4.4 and 4.5  

 5.2.2  The hot young star cluster in the unusually high spectral index 

region 

  The hot young star cluster emitted both FUV and NUV. From the 

distribution of the UV emission which mainly located at the edge of regions. This 

indicates that these regions could be related to the hot young star cluster. We do not 

observe much UV emission inside of the regions because the hot young star cluster is 

unusually surround by dust which absorb UV photons and re-emit in IR. However, 

some UV radiation can still escape from non-uniform lumpy dust shell which partially 

cover the hot star cluster. 
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5.3  The expectation model of this region 

 From all result we draw one of possible model for the unusually high spectral 

index regions in figure 5.1. 

 

 

 

 

 

 

 

 

 

 

 

5.4 Future work 

 From the significant of UV in the unusually high spectral index regions and the 

relation between the hot young star cluster, in the future we could calculate star 

formation rate in this region from escaped UV flux and attempt to develop a method to 

directly calculate star formation rate based on the spectral index in sub-mm radio and 

Far IR wavebands. Moreover, we can study the optical depth from the hot young star 

cluster model.  

 The spectral index is easy to calculate from the brightness temperature or flux 

from various observations. In the future, the spectral index distribution could also be 

used to model foreground subtraction from the Cosmic Microwave Background data 

Figure 5.1 Possible model to describe the unusually high spectral index region. 
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which are plagued by strong foreground emission from our Galaxy. CMB observation 

is very important evidence to study the begin of our Universe, it will be highly 

advantage if we can use the spectral index to increase the quality of primordial CMB 

data.  
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