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Abstract 

Physics is a fundamental science, which deals with the principles and the laws that give the behavior of nature and its 

constituents. New experimental technique can be proposed in this field. Considering new opportunities for the conduct of 

observational astronomy across both the photon and particle spectrum “possible astronomical projects through Antarctic 

expedition can be carried out as a research topic”. This is a review project that studies the features of Antarctica are studied as 

the best ground based location for astronomy and analyses the most suitable atmospheric window for astronomical practices 

from earth based locations. Different astronomical practices from Antarctica are studied like infrared astronomy, Sub millimeter 

wave astronomy, Neutrino detection etc. In this review work the experimental possibility of infrared astronomy is analyzed in 

detail and the suitable science cases are discussed.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Antarctica is the fifth largest continent, with a land area of 14 square million kilometers. The amount of land exposed of is very 

low, that is about 2% of the total land area. As a continent, Antarctica is dominated by ice, which extends up to 1000 km over the 

southern ocean. 

From the astronomers view, it is this massive ice of Antarctica plateau that draws the attention. The continent contains one of 

the world’s greatest mountain ranges that stretch nearly 5000 km which is mainly buried under the ice sheet that makes up the  

Antarctic plateau. The Antarctic continent is the highest, driest, and the coldest of the continents on the earth. It was the last 

continent where humans began to conduct astronomical observation from. With the help of current technology, astronomy is no 

longer difficult to undertake in Antarctica. The potential of Antarctica is still wide and diverse for more investigations in 

astronomy in comparison with any other location on our planet. 

There are two primary factors which have driven much of the development of Antarctic astronomy, the extremely cold and dry 

conditions above the plateau. Over infrared to sub millimeter wavelengths the dry air causes many windows in the atmosphere to 

open up and allow us to peer through them. 

A host of secondary factors provide additional reasons for conducting astronomy in Antarctica, generally for specialized 

purposes. These include 

 The stability of atmosphere. 

 The ability to conduct continues or long duration monitoring. 

 The increased low energy cosmic ray fluxes arising from the proximity to the magnetic pole. 

 The vast quantity of pure ice available as an absorber of particle. The ice in Antarctica is free from radioactivity and 

bioluminescence. 

 The confinement of micro turbulence in the air to a layer just above ice level over the summits of the plateau creates 

conditions that are particularly favorable for the wave front correction of light. This is a critical factor for the operation of 

large telescopes for optical and infrared astronomy. 

Developing Antarctica for astronomy is a tremendous challenge. Antarctica provides a vast area to explore for the construction 

of major astronomical facilities of the future. The excellent result obtained from these projects encourage us for doing more 

innovative experiments on the plateau. Considering the unique atmospheric conditions of Antarctica, comparing it with other 

temperate latitudes, and from detailed study about the science cases and performances of the instruments, we can develop a new 

concept that can be done in Antarctica. 

First to escape from city lights, the observatory sites are moved to mountain tops. This is done to improve the clarity of sky. 

Today the major observatories are located on high volcanic peaks or in the peaks of desert mountain range. Because at high 

peaks the air is dry and skies are exceptionally clear. In Calicut our observatory is at Regional Science Center. But even this site 
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cannot compare to the world’s major observatory sites. These sites, good as they are, still have their limitations. The ultimate 

observatory would be placed in space. In space there is no effect of Earth’s atmosphere. We have already been accomplished 

with a number of telescopes. These telescopes revealed more diverse picture of universe. However the cost of placing a large 

observatory in space is economically untenable. Also it is difficult to repair. 

There is an alternative, offering many of the advantage of space for a fraction of the cost. It is the Antarctic plateau. We 

continually strive to make more sensitive observations of the radiations from faint and distant objects. These radiations can be 

observed from our earth by opening new windows in the electromagnetic spectrum. The long search is usually conducted with 

the telescope. By understanding what limits the capability of a telescope, it is possible to map out the route to be followed for our 

observations. There should be certain atmospheric conditions for the better performance. 

 Better transparency 

 Low thermal background sky emission 

 Water vapor content should be low 

 Excellent seeing above the boundary layer. 

 New windows from IR to sub- Millimeter 

 Better spatial resolution 

The route is now leading to Antarctica. Considering an electromagnetic spectrum, windows in sub millimeter region is also 

possible in Antarctica [43].  

II. ASTRONOMICAL CASE STUDIES FROM ANTARCTICA 

 Methodology 

The experimental evidence path is to describe the tools, physicists use to test and refine their hypothesis. In the case of particle 

physics, the modern tools used by physicists are particle accelerators and measuring the results of their experiments using 

detectors. 

In order to see the smallest particles, we need a particle with the shortest possible wavelength. A particles momentum is 

inversely proportional to wavelength 



h
p                                          (1) 

Where p is momentum, h is Planck’s constant, λ is the wavelength. So in particle accelerators, the momentum is increased to 

maximum, by speeding it up to nearly speed of light. This short wavelength particle can be studied by hitting it in a target and 

recording it.  

In the case of detectors, modern physicists look at particles decay products and from these deduce the existence of particles, 

which is usually done in South Pole. Multi component detectors that test different aspects of an event is designed to look various 

particle decays. Using these detectors, particle energies and momentum is determined, which helps us to distinguish different 

particles. Thus individual particles can be analysed. Computers collect and interpret the vast quantity of data from detectors and 

the extrapolated results are presented [18]. 

 Neutrino detection in South Pole 

Neutrinos are very light uncharged leptons which, like WIMPs, only interact weakly. This means large detector sizes and long 

observation times are necessary to observe neutrino interactions. Here, the ice-Cherenkov method of neutrino detection is used 
[16].  

 Muons 

Muons are unstable particles with a lifetime of 2.197 ms, more than a million times longer than that of the tauon, and decay in 

the process 

μ- → υ’
μ + υe + e-            (2) 

Since muons have a mass of 0.106 GeV, more than 200 times the electron mass, they radiate much less, and can penetrate 

much more matter. At high energies muons can travel kilometers through matter before stopping and decaying [16] [18]. 

 Energy loss in ice 

Muon energy loss in ice is dominated by four processes: ionization and excitation, pair production, bremsstrahlung and photo-

nuclear interaction. For muon energies below a few TeV, ionization is the dominating process.Ionization and excitation, which 

basically is elastic scattering on atomic electrons, is the dominating source of energy loss of muons in ice at energies below 2 

TeV. Above this energy bremsstrahlung, which is photon emission from deceleration and deflection in the field of the atomic 

nuclei, and e+ e− pair production dominate. 
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Also photo-nuclear energy losses, which are due to the exchange of a photon between the muon and a nucleus, are small 

below a few TeV. A much smaller energy loss is that from Cherenkov radiation, which is essential from a detection point of 

view. 

 Cosmic Microwave Background Radiation 

At the beginning of the 21st century we have entered the era of Precision Cosmology: sensitive measurements of the Cosmic 

Microwave Background, of large- scale structures, and of the expansion of the universe, are all consistent with a cosmological 

model based on an adiabatic inflationary Universe, filled with radiations, baryonic matter, dark matter, and dark energy. 

Cosmic Microwave Background (CMB) observations can produce invaluable information on these topics. Cosmic Microwave 

Background (CMB) observations have been extensively developed since the discovery of this radiation in 1965 by Penzias and 

Wilson. It has been demonstrated that Antarctica is the best place on Earth to study its anisotropies in temperature and 

polarization [23].  

Accurate measurements of CMB polarization promise to demonstrate the existence of an inflationary phase in the very early 

evolution of the Universe, a fundamental topic in cosmology, but also a unique tool for the physics of ultra-high energies. 

Here we can compare the performance of a 5 meter telescope on temperate region and 5 meter telescope in Antarctica. The 

table below shows the signal to noise ratio for the performance limited by the sky background, obtained for observations using 

two telescopes. 
Table - 1 

Relative signal to noise ratios and sensitivities of different telescopes 

 
Point source imaging where diffraction limited performance is assumed to be achieved by each telescope. The signal to noise 

ratio is given by  

5.0
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N
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Where D is the diameter of primary, θ is spatial resolution, η is the atmospheric transmission, S is the sky background at that 

wave band. However if an Antarctic 5 meter telescope were to be built it would be 3-5 times more sensitive than a temperate 

latitude 5 meter for all types of observations. 

 Near Infrared Window from Antarctica 

In the thermal infrared, the sky at the South Pole is darker than other good ground-based sites by as much as two orders of 

magnitude, dramatically reducing photon noise and minimizing the effects of changes in sky brightness. 

Sky background in the K window (2.27µm -2.47µm) is as low as 100 µ Jy arcsec-2 (20-200 times less than other temperate 

sites). This is the darkest window that we can find to observe through, in the inner solar system. 
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Table - 2 

Variation of sky brightness, varying with wavelength in the near infrared region. Comparing it with other temperate latitude sites. 

 
The data strongly suggests that the most sensitive observation that can be made is using K dark window. The following graph 

also shows the importance of K window on the Antarctic plateau. 

 
Fig. 1: Variation of sky brightness with wavelength 

In the figure, we present the measured sky brightness in the South Pole from 2-4.3 µm. This is obtained when the ambient 

temperature was -62 °C, The units on the vertical axis refers the sky brightness. Note the large dip in the South Pole sky 

brightness between 2.25-2.5 µm compared to the temperate latitude site. The South Pole sky is 20-100 times darker at these 

wavelengths than any other sight on earth which is accessible for large telescopes. Thus we specifically designed the so-called 

K_dark (2.29-2.43 µm) filter to exploit this atmospheric[42]. 

 Near Infrared Telescope 

The main function of a telescope is to collect light. An infrared telescope consists of a large primary mirror which have a very 

large diameter. Once photons are collected, a telescope must focus them into a sharp image. Infrared telescopes use 

fundamentally the same components and follow the same principles as visible light telescopes; namely, some combination of 

lenses and mirrors gathers and focuses radiation onto a detector, the data from which are translated by computer into useful 

information. The detectors are usually a collection of specialized solid-state digital devices: Major technical advances that have 

led to the development of large telescopes include: 

 Advances in computer-controlled hardware allows correction for flexure of the primary mirror using actuators. Usually 

thinner mirrors are used, reducing the mass of the mirror and the total mass of the telescope.  
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 Altitude-azimuth mounts reduce the size of the required telescope enclosure.  

 Science cases of near infrared telescope 

Infrared telescope detects radiations that are coming from very large distances. They have very long wavelengths than visible 

lights, which mean it can pass through astronomical gas and dust without being scattered. Thus objects and areas obscured from 

view in the visible spectrum, including the center of Milky Way can be observed using infrared. 

 Detecting Cool Stars 

One of the major applications of this near infrared telescope is studying about stellar evolution. 

It is observed that  2.17 micrometers H I  and 2.12 micrometers H2  line emission and 2.15 micrometers continuum emission 

toward the nuclear region of the hot spot spiral galaxy. The 2.15 micrometers continuum emission is distributed smoothly 

throughout the stellar region, and peaks sharply at the galactic nucleus. H-alpha emission knots trace the actual sites of star-

formation activity. We use our high-resolution near-infrared observations and theoretical models of evolving star clusters to 

constrain the properties of the distinct star-formation complexes in our galaxy. The intense 2.15 micrometers continuum 

emission at the nucleus is very likely dominated by red giants and super giants recently produced in the nuclear star-forming 

cluster. Faint galactic stars can be only detected using this near infrared telescope, because colder stars emit radiations at this 

region. 

From H-R diagram it is clear that the final stage of a massive star is the red giant stage. These are cooler objects and fall on the 

right top side of the H-R diagram. These stars fall on the K spectral region, where temperature is only ~5000 K and are 

considered as cooler objects. So these stars can be identified using infrared telescope and we can make study about these red 

giants. 

 Detection of cosmic infrared background at 2-3 micrometer using a near infrared telescope 

The cosmic infrared background (CIRB) is the sum total of the red shift and reprocessed short wavelength radiation from the era 

of galaxy formation, and hence contains vital information about the history of galactic evolution. The optimal observation 

window to search for a background in the near infrared is at 3.5 micrometer. We can select South Pole which had the least 

intensity at 2.2 micrometer. Then the total intensity of bright stars is combined with a model for the contribution from dimmer 

stars. The nature of analysis suggests that the excess emission is probably the detection of cosmic background in the near 

infrared. 

III. CONCLUSION 

Antarctica remains a challenging place to work, but technology now provides for ready access to the interior of the continent, as 

well as for sophisticated scientific experiments to be carried out. The challenge for the astronomer now is to work out how to 

grasp the opportunity, to conduct science that might otherwise only be tackled from space. The Antarctic plateau provides sites 

where the ultimate Earth-based telescopes may be built, and we can establish the necessary infrastructure development that can 

lead to new astronomical facilities. This review work strongly suggests that the most sensitive observation that can be made is 

using K dark window and the importance of K window on the Antarctic plateau. Investigating and evaluating the future 

astronomical projects from Antarctica shows that it gives a wide opening to near infrared and sub mm range windows which are 

not possible from any other Earth based locations. 
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