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CHAPTER 1 

COSMIC RAYS AND EXTENSIVE AIR SHOWERS 

The Earth is continuously bombarded by charged particles from the 

cosmos, which are known as Cosmic rays. The discovery of cosmic rays (CRs) has 

just passed its 100 years last year, in 2012. The study of this non-thermal radiation 

gives impetus m our understanding of both large objects of the Universe at 

cosmological distances and the basic building blocks of matter. However, the 

origin of CRs still remains a subject of much speculation. Attaining a broad range 

of energy, starting from about 1 GeV up to 1020 eV and higher-the highest 

energies ever observed, the CRs have been, and still are, an important means to 

look at the Universe and to reveal some its mysteries. An explanation of the origin, 

propagation mechanisms and nature of the most energetic CRs are still a subject of 

intense research in Astrophysics and Astroparticle Physics. The main interest of 

CR studies remains to study them as possible messengers very powerful 

astrophysical processes. 

The present thesis focuses various aspects of CRs in the Pe V energy regwn. 

The objectives present investigation and the organization of the thesis are 

given at the end of the present chapter. 

1.1 HISTORICAL OVERVIEW 

V. F. Hess (Hess 1912) discovered this highly relativistic charged particle 

radiation in 1912 during several free balloon ascents. He observed an increase of 

ionization rate of air with increasing elevation, and inferred that there must be a 

hitherto unknown radiation penetrating into the Earth's atmosphere from the outer 

space. In subsequent years W. Kolhorster made further ascends with improved 

electrometers, measuring the altitude variation of the ionization up to heights of 9 

km (Kolhorster 1925). 

In 1929 W. Bothe and W. Kolhorster measured coincident signals in two 

Geiger-Muller counters (Bothe et al. 1929) and concluded that CRs consist of 

charged particles. Similar conclusions were drawn from measurements by J. Clay, 

who showed that the intensity of CRs depends on the (magnetic) latitude of the 

observer (Clay 1930). 



In 1938, Kolhorster (KolhOrster et al. 1938) and Auger (Auger et al. 193 8) 

independently discovered that CRs are individual charged particles, which interact 

with a nucleus in the Earth's atmosphere, and consequently induce a shower of 

secondary particles. These so-called extensive air showers (EAS) were detected 

with a setup of Wilson cloud chambers and Geiger-Muller tubes, separated by 

some tens of meters, and operated in coincidence. This finding pioneered a new 

approach to investigate CRs at the highest energies: the measurement of extensive 

air showers by means of large ground based detector arrays. 

In the 1940s, M. Schein showed with measurements through balloon 

ascents that the positively charged primary particles were mostly protons (Schein et 

al. 1941 ). Cloud chambers and photographic plates were carried into the 

stratosphere and it was found that CRs are made up of fully ionized atomic nuclei 

moving at speeds closely to that of light (Brandt & Peters 1948). Many nuclei 

the periodic table up to Z :::::: 40 were found and their relative abundances 

determined. Hydrogen helium occur most frequently, and the distribution 

mass of the heavier nuclei appeared to be similar to that in the solar system. 

In the subsequent years, insights about the shape of the energy spectrum of 

CRs have been attained. The flux of CRs follows a power law over many orders of 

magnitude in energy. However, there are a few structure observables. In 1958, 

Kulikov and Khristiansen (Kulikov & Khristiansen 1958) discovered a distinct 

steepening in the measured electron shower size spectrum for particle numbers 

larger than 8 X 105, what corresponds roughly to a primary energy of the shower 

inducing CR particle of E :::::: 8 x 1015 eV. This should be the first measurement of 

the so called knee of the CR spectrum. Three years later, Peters (Peters 1961) 

concluded that the position of this knee will depend on the atomic numbers of the 

CR particles, if their acceleration is correlated to magnetic fields. He interpreted 

the knee "as a magnetic rigidity cut-off in the source which contributes the bulk of 

primaries below 1015 eV," and, more precisely, to be at "a magnetic rigidity 

corresponding to that of protons with about 1015 eV." However, this would mean 

that also the spectra of heavier CR primaries ought to exhibit such knee structures 

successively. 

The M.I.T. group at Volcano Ranch, New Mexico was built the largest 

cosmic-ray detector in the 1960s. Two years later the first event with energy of 
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about 1020eV was recorded with the Volcano Ranch array (Linsley 1963). Bigger 

air shower arrays were subsequently built (SUGAR (Bell et al. 1974), Haverah 

Park (Edge et al. 1973), Yakutsk (Afanasiev et al. 2003), and AGASA (Chiba et al. 

1992)) and, after some initial attempts, the first successful fluorescence light 

detector, called Fly's Eye, was set up in Utah (Baltrusaitis et al. 1985). With these 

detectors, another feature of the CR flux was firmly established and is known as 

the "ankle" (Bird et al. 1993, Lawrence et al. 1991 & Nagano et al. 1992). 

It is worthwhile to mention that the Particle Physics was practiced primarily 

through the study of CRs during several decades of the 201
h century. New 

elementary particles like positron, muon and pion were discovered from 1930s to 

1950s through series of investigations of the cosmic radiation. In the subsequent 

years, new unstable hadrons were found in CR interactions in emulsion chambers, 

were later identified as D mesons. Also, a number of exotic phenomena were 

observed, none of which could be confirmed in accelerator experiments. 
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Fig.J.l: All-particle energy spectrum of CRs as measured directly with detectors 

above the atmosphere and with air shower detectors. At low energies, the flux of 

primary protons is shown (figure taken from (Bltimer et al. 2009)). 
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1.2 ENERGY SPECTRUM 

The solar system is completely bared to a flux of cosmic radiation. The CR 

energy spectrum extends over 11 orders of magnitude ranging from 1 up to at least 

1011 GeV. The differential energy spectrum of all CR particles is depicted in 

Fig.l.l. It falls steeply as a function of energy, decreasing by about a factor of 500 

per decade in energy. The flux decreases from more than 1000 particles meter·2 

sec·1 at GeV energies to about 1 particle meter"2 year·1 up to few hundred PeV, and 

further to less than 1 particle km-2 century-1 above 100 EeV. 

The energy spectrum follows a power law ] (E) = dN oc EY over a wide 
dE 

range of energy, whch is the first indication for non-thermal acceleration processes. 

The CR spectrum is almost featureless, as can be inferred from Fig.l.l. However, 

small structures become clearly visible when the ordinate is multiplied with some 

power of the particle energy, as shown in Fig.1.2. The spectral index is y >::; -2.7 

at energies up to several PeV. At an energy E ~ 3 x 1015eV, a steepening of the 

power law 1s observed, the so-called knee with y ~ -3.1 at higher energies. A 

further steepening, the second knee, has been claimed recently around 4 x 1017 eV. 

spectrum gets flattened at about 4 x 1018eV, called the ankle. 

The tail of the CR spectrum above 1020eV is scarcely populated. A cut-off 

1s predicted by Greisen, Zatsepin and Kuzmin at about 5 X 1019eV, due to the 

interaction of the primary particles with the photons of the cosmic microwave 

background radiation. An updated measurement of the energy spectrum using 

hybrid events collected by the Auger experiment recently confirmed the CR flux 

suppression at log10 c~,) = 19.63 ± 0.02 (Settimo et al. 2012). 

1.3 COMPOSITION 

The chemical composition of CRs 1s rather well known in the low energy 

regime up to about 1014 eV from direct observations. Due to the low flux above 

this energy a direct measurement of the primary particles is practically not feasible 

at present. The elemental distributions have been studied by balloon and satellite 

experiments (Simpson 1983) up to energies of few TeV. About 98% of the 

primary CR are hadrons, the remaining 2% is composed of electrons and photons. 

About 87% of the hadronic component are protons, nearly 12% helium nuclei and 

the rest corresponds to fully ionized nuclei of heavier nuclei. 
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Fig.1.2: All-particle energy spectrum as obtained measurements 

atmosphere by the ATIC, PROTON (Ahn et al. 1971 & Grigorov et 

and RUNJOB (Derbina et aL 2005) as as shower 
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Shown are Tibet ASy results obtained with SIBYLL 2.1 (Amenomori et al. 2008"), 

KASCADE data (interpreted with two hadronic interaction models) (Antoni et al. 

2005), preliminary KASCADE-Grande results (Arteaga-V et al. 2008). The 

measurements at high energy are represented by HiRes-MIA (Abu-Zayyad et al. 

2000 & 200 l ). HiRes I and I! (Abbasi et al. 2008) and Auger (Abraham et aL 

2008). 

The elementary abundances m the solar system when compared with the 

one of CRs, important information on the origin as well propagation of the cosmic 

radiation can be extracted out. The abundance analysis of refractory nuclides has 

shown similarities between the derived abundances at the sources and the 

abundances in the Solar System (Wiedenbeck et al. 2003), suggesting that CRs are 

accelerated out of a sample of well mixed interstellar matter. In CRs, elements like 

Li, Be and B are overabundant, as well as all the groups with atomic mass lower 

than Fe. No significant difference is found, instead, in the CNO and Fe groups. 



This implies that, on their way through the galaxy, the later nuclei further interact 

with the interstellar matter, generating lighter nuclei like Li, Be and B through 

spallation reactions. 

The analysis results on the relative abundances of these elements including 

their isotopes as well and on the basis of diffusion equations for the primary 

particles, the CRs are found to cross on average a thickness of about 5 g/cm2
, 

which corresponds to a path length of roughly about 1 Mpc. Given that the 

thickness of the galactic disk is :::::: 1 kpc, it means that the CRs diffuse into the 

galaxy before escaping. An average escape time can be estimated from the analysis 

of the ratio of radioactive secondaries and their decay products, such as 10BePB, 

giving a value of:::::: 107years (Yanasak et al. 2001). 

Above 1014 eV, information on the chemical composition of CRs comes 

from studies of the extensive air showers employing various techniques. In the 

energy region around the knee, the composition however is inconclusive. A 

composition change from iron domination at 1017 eV to proton domination at about 

1018 eV was reported from Fly's Eye (Bird et al. and 1993 & Lawrence et al. 

1991) Yakutsk (Knurenko et al. 2008) EAS experiments. 

1.4 ACCELERATION AND PROPAGATION 

1.4.1 ACCELERATION 

The locally observed CR energy density amounts to about Pa :::::: 1 e V /em 3 . 

The power required to maintain the CR density can be estimated as La = 
Pa V /Tesc :::::: 1041erg/s, where Tesc is residence time of CRs in a volume V (the 

galaxy and galactic halo). In our galaxy about 3 supernovae explosions occur per 

century, which yields a power of around 1041erg/s. So an efficiency of a few 

percent (:::::: 10%) would be enough tor supernovae shock waves to energize the 

galactic CRs. This had been discovered by Baade and Zwicky (Baade & Zwicky 

1934) in 1934. The actual mechanism of acceleration remained mysterious until 

Fermi (Fermi 1949 & Blandford et al. 1987) proposed a process that involved the 

interaction of particles with large-scale magnetic fields in the galaxy. Eventually, 

this lead to the currently accepted model of CR acceleration by the first-order 

Fermi mechanism, which operates in strong shock fronts powered by supernovae 

explosions and propagate from a supernova remnant (SNR) into the interstellar 

medium (Fermi 1949 & Blandford et al. 1987). First hints for acceleration of 
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hadrons at SNRs were measured by CANGAROO (Enomoto et al. 2002) and 

H.E.S.S. (Aharonian et al. 2004). These experiments measure TeV gamma-rays 

created by collision of accelerated protons with atoms and molecules in an 

interstellar cloud. 

Different sites of acceleration could be neighbouring stars of pulsars that 

are hit by the pulsar wind (Harding & Gaisser 1990), or accreting matter from 

neighbouring stars or at the shock wave of the galactic wind (Jokipii & Morfill 

198 7). Further mechanisms of acceleration are direct acceleration in strong electric 

or magnetic field, e.g. at polar caps, outer gaps or slot gaps of pulsars (Cheng et aL 

1986). 

For energies above 1017 eV the ongms of CRs are much speculative. 

Possible candidates are e.g. jets of Active Galactic Nuclei (Rachen et al. 1993). For 

energies above 1019 eV there exist also various Top-down models in which the 

CRs are produced as decay products of some super heavy particles X with mass 

mx 2: 1012 GeV (Guenter 2003). 

1.4.2 PROPAGATION 

Up to several hundred PeV energy CRs are generally believed to have a 

galactic origin. The lifetimes of CR particles are longer than the time they need to 

cross the thickness of the galactic plane (~ 0.2 kpc) rectilinearly. This and the 

measured isotropy of the cosmic radiation suggest a diffusive propagation of the 

charged particles from the sources to the earth. On their way they are deflected by 

galactic magnetic fields and their original direction is lost when they arrive at the 

earth. However, the high energy y-rays may play a vital role for predicting the 

information about the origin of primary CRs as they point back at their source 

engines. The particle energy changes during propagation due to spallation, 

radioactive decay and ionization processes. Furthermore, particles escape with an 

energy dependent probability from the galaxy. All this affects the energy spectrum 

of cosmic rays and causes that the spectral index at the source of y ~ 2 mcreases 

to y ~ 2.7 observe at earth. The composition of the cosmic-ray particles changes 

due to decay and spallation. 

1.5 EXTENSIVE AIR SHOWERS 

A high-energy CR particle interacts with nuclei m the atmosphere and 

subsequent collisions initialize cascades of secondary particles. This cascade 



develops in the atmosphere and its footprint can be detected at Earth's surface. The 

cascade of secondary particles is commonly known as extensive air shower (EAS). 

The first interaction typically occurs at the altitude between 10 to 40 km 

depending on energy and a type of the pnmary particle. The total energy of the 

primary CR particle is distributed to rapidly growing number of secondary 

particles. The pancake-like shower front with a thickness of ::::::; 2 m and a diameter 

of up to several kilometres depending on primary particle's energy blazes its tail 

through the atmosphere until the Earth's surface. 

The EAS can be subdivided into three components: electromagnetic, 

muonic and hadronic as shown in Fig.1.3. The most of the secondaries come from 

the electromagnetic part of EAS which is constituted from photons, electrons and 

positrons. There are also hadronic interactions, which produce short-lived mesons 

(mainly pions and kaons) of which many decay into muons, electrons and photons. 

In addition, there are particles not contributing much to the total energy balance, 

i.e. UV photons (fluorescence and Cherenkov) and radio emission or invisible 

component (e.g. neutrinos and very energetic muons). The atmosphere itself serves 

as large calorimeter in which the detected particle interacts and deposits its energy. 

Detailed information about EAS is given e.g. in (BlUmer et al. 2009, 

Haungs et al. 2003 & Castellina 2012), and references therein. The main properties 

of hadron and gamma-ray initiated showers, as far they are important for the 

understanding of this work, will be discussed briefly in appropriate chapters. 

1.5.1 HADRONIC COMPONENT 

Hadrons (baryons and mesons) are strongly interacting particles and 

therefore the largest part of the primary particle's energy goes into the hadronic 

part. The reactions of the high-energy particles are strongly focussed in forward 

direction. Consequent upon, they lie in the immediate vicinity of the original 

arrival direction. This suggests that the shower core is build up by high-energy 

fragments of nuclei, baryons and mesons. In each hadronic interaction one third of 

the energy is transferred to the electromagnetic component. The subsequent 

process works via the decay of neutral pions. The decay of charged pions produces 

the muonic component of an EAS. 
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1.5.2 ELECTROMAGNETIC COMPONENT 
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The electromagnetic component consists mainly of electrons, positrons and 

photons. The decay of rr 0 particles into two photons is the feeding source of this 

component. The produced photons can further produce electron-positron paus 

as long as their energy is high enough. The electrons/positrons produce new 

photons via bremsstrahlung process. Ionization losses start to dominate over the 

production of new particles below the critical energy (Ec ::::: 84 MeV in air) and the 

shower is absorbed by the atmosphere. Thus, the EAS shows a maximum number 

of particles at some stage of shower development. 

The lateral profile of the electromagnetic 

experiments 1s very often described by the so-called 

Greisen 1960 & Snyder 1989). A comprehensive 

component m many EAS 

NKG function (Greisen 1956, 

study of different structure 

functions for EAS density profile used by various EAS groups will be discussed in 

chapter 3 emphasizing the role of the shower age parameter for studying primary 

composition. 
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1.5.3 MUONIC COMPONENT 

The muonic component of an EAS originates from the decay of pions and 

kaons. With a mean lifetime of ~ 2.2 x 10-6s and a Lorentz factor y ~ 90 (for 

E11 = 10 GeV), muons will penetrate the whole atmosphere practicaliy 

undisturbed. High energy muons (E > 100 GeV) originate in the early stage of the 

shower development. They lose energy mainly through ionization processes, as the 

bremsstrahlUng emission is strongly suppressed compared to electrons. Low energy 

muons, descending from a later stage of the development can decay into electrons 

and neutrinos. The broadening of the spatial distribution of EAS muons due to 

Earth's geomagnetic field is another interesting area of investigation in context of 

this thesis (see chapter 5). 

1.6 OBSERVABLE PARAMETERS OF EXTENSIVE AIR SHOWERS 

The primary reasons to study CRs are to discover their origin, composition 

and spectral shape. Because the primary CRs are studied indirectly in the Pe V 

region, through their EAS particles, it is indispensable to connect the parameters 

which can be observed with the nature of the primary particle. The EAS 

parameters/observables which are most relevant to the present study are namely [a] 

the muon content (Nt-t), [b) the electron-positron content i.e. electron size/shower 

size (Ne), [c] the lateral shower age (s..L), [d] the local lateral age (slocal), [e] the 

muonic dipole length (l11 ), and [f] the absorption lengthlk-parameter (Aabsfk). The 

detailed description of these EAS observables can be found in respective chapters 

of the thesis. 

1.7 AIR SHOWER SIMULATIONS 

Air shower simulations are a crucial part of the design mr shower 

experiments and analysis of their data. Numerical simulation of the shower 

development in the atmosphere 1s a powerful approach to link the properties of the 

measured shower to those of the primary particle. To arnve any specific 

conclusions about CRs from their indirect investigation it is very important to 

know how they interact with the atmosphere and how the EAS develops. This 

knowledge is obtained by means of computer MC simulations. In this section a 

short overview of the MC EAS simulations with CORSIKA (Heck D et al. 1998) 

code ts gtven. Comparing features obtained from the different adopted techniques 

applied for data analysis of the simulated showers it is possible to estimate the 
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mass composition and energy of the primary particle from the measured data. 

Interaction of the primary CR particle with air and their secondaries are described 

by high and low energy hadronic interaction models. The information about the 

primary particle and its interaction history in the cascade is stored in various 

average EAS observables/parameters. 

1.7.1 CORSIKA CODE AND HADRONIC INTERACTIONS 

A Monte Carlo technique offers one of the best suited approaches to 

provide a convolution of all physical processes to form the complex model of an 

EAS. The main annoying part of the MC technique since its inception lies in the 

uncertainties arising from the hadronic interactions at high and low energies, is still 

a major concern in this field in particular. Many code packages for simulating 

EASs are available. The most frequently used MC programs are CORSIKA (Heck 

D et al. 1998), AIRES (Sciutto 2001), CONEX (Bergmann et al. 2007), COSMOS 

(Roh et 2013), MOCCA (Hillas 1997) and SENECA (Drescher & Fanar 2003). 

The predictions obtained with all simulation packages are almost similar. 

CORSIKA is used by many air shower experiments all over the world. The EAS 

simulations for the present work are performed with the CORSIKA versions 6 .. 600 

and 6.970. For the hadronic interactions at high energies a number of interaction 

models have been implemented: QGSJet, DPMJet, EPOS, SIBYLL, VENUS, 

NEXUS, HDPM while GHEISHA, FLUKA and UrQMD (references there in) are 

used for hadronic interactions at low energies. 

For electromagnetic interactions a modified version of the shower program 

EGS4 (Nelson et al. 1985) (or the analytic NKG function) can be used. Options for 

Cherenkov radiation and neutrinos also exist. The code can be used from 106 up to 

1021 e V and beyond and it covers fifty different types of particles and nuclei up 

to A =56. All these particles can be tracked until they reach the predefined 

observation level and energy. The code also allows production of shower images 

and movies of the shower development. 

At the heart of a MC program is the generation of pseudo-random numbers 

which are produced by a random number generator such as RMMARD (between 

0 and 1) from the CERN library (James 1988). The atmosphere is composed of 

78% nitrogen, 21.5% oxygen and 0.5% argon. All other elements in the air are 

neglected because they contribute only 1% of the total. The atmospheric model in 

CORSIKA uses various atmospheres with either planar or curved options that are 



parameterised in 5 layers with piece-wise fitted exponential. Special versions for 

different locations and seasons can be introduced. 

Computing time and disk space needed for a shower simulation grow 

approximately linear with primary energy. A single shower at 1020 eV, with about 

1011 secondary particles, needs about 105 hours and -30 TB disk space. 

Therefore, statistical sub-sampling (or thinning) (Kobal 2001) is used to discard 

most of the shower particles and follow only a representative subset of them, which 

carry a weight to account for the discarded ones. For a good compromise of 

thinning and weight limitation, typical speed-up factors of 104 - 106 are reached. 

Particles information on the observation level from CORSIKA is a starting 

point for detector simulation in the array. From the particle densities measured 

the detector array vanous EAS observables and their distributions are 

reconstructed. Development of an EAS is sensitive to a number of parameters and 

one can try to predict how they should be changed in EAS description to achieve 

better agreement with observations. As the interaction models are more more 

refined now and hence discrepancies between simulations and the measurement are 

becoming smaller. Using such a model as reference the deficiencies of other 

models can be understood more clearly. Currently almost all models in the low 

energy regime describe observed data very well. Differences are viewed m the high 

energy regime but they are significantly lower at present than earlier. 

Over the last 12- 15 years the agreement of simulations with experimental 

data has greatly improved. Today the simulations describe consistently, within 

about 15- 25%, EAS experiments from TeV to PeV (i.e. from y-ray reg1me to the 

region of the knee). The method is further extended to EeV (where Haverah Park, 

AGASA etc. experiments are performed) and up to the 1020eV range of the Pien·e 

Auger experiment. 

In the near future the ongomg accelerator/collider experiment at the LHC 

(14 TeV in ems) is expected to provide new experimental inputs to the cross 

sections, diffraction and hadronic multi-particle production, additional constraint to 

the interaction models and thereby improving the predictive power of EAS 

simulations in the Pe V energy range. 



1.8 OBJECTIVE OF THE THESIS 

The objectives of the present investigation 1s mainly threefold: First from a 

detailed MC simulation study of CR EASs initiated by primary CRs we would like 

to study the characteristics of few air shower parameters/observables (other than 

the widely used parameters for primary mass extraction such as the muon content 

and the depth of shower maximum) and examine their primary mass sensitivity. 

We will particularly focus on the characteristics of the shower age parameter, 

which essentially describes the slope of the lateral distribution of electrons in EAS, 

and the possible role that the parameter may play in a multi-parameter approach of 

studying EAS in order to understand the nature of shower initiating particles in the 

Pe V energy regime. We would also explore whether geomagnetic spectroscopy can 

be employed cleverly to extract information on primary mass. Secondly we would 

like to examine the role of air shower fluctuations in estimating CRs-air interaction 

cross section and finally from theoretical considerations the flux of gamma-rays 

and neutrinos to be observed at Earth if cosmic-rays at Pe V energies are 

accelerated by polar caps pulsars will be estimated. 

1.9 ORGANIZATION OF THE THESIS 

The content of the thesis is organized as follows: 

• After a short introduction of CRs (chapter 1 ), the characteristics of CRs 

in the Pe V region is reviewed in chapter 2. The all-particle CR energy 

spectrum in the Pe V region is discussed. Various techniques of 

estimating composition of CRs from EAS observations is also discussed 

and the mass composition scenario of primary CRs in the Pe V region 

obtained from experimental observations are summarized. The origin of 

galactic CRs is also mentioned briefly. Finally a summary on our present 

understanding has been stated. 

• Chapter 3 discusses the lateral distribution of electrons in EAS from a 

detailed Monte Carlo simulation study. The universality property of the 

lateral density distribution of electrons in terms of local age parameter 

(LAP), as inferred from the simulation data, got support from different 

experimental observations. The chapter describes the techniques for 

estimating the LAP, the important characteristics and correlations of the 

LAP with other EAS observables to understand the nature of shower 
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initiating particles. The chapter ends with a discussion and conclusions 

of the present analysis. 

• In chapter 4 the identification of the LAP of CR extensive air shower for 

separating gamma-ray induced showers 

without doing muon measurement Is 

discusses about vanous optimal cuts 

from hadronic background 

described. The chapter also 

applied to signal selection 

parameters employing a selection algorithm for maximizing gamma-ray 

selection efficiency and minimizing the background contamination. The 

experimental realization of the adopted technique involving LAP is also 

discussed here. The chapter concludes with a summary and outiook of 

the present work. 

• Chapter 5 includes a detailed analysis of the asymmetry in muon 

distributions due to the influence of the Earth's geomagnetic field on the 

development of EAS from a detailed Monte Carlo simulation study. This 

muon asymmetry offers a new possibility for the determination of the 

primary mass composition in the case of EAS events with large zenith 

angles (> 50°). In this chapter, a novel method is introduced that 

determines a primary mass sensitive parameter in terms of the muonic 

dipole length (lll). The scope of the present proposal for extracting the 

nature of primary particles by ongoing experiments such as WILLI 

detector or by future generation large muon detectors is discussed in the 

last section of this chapter. 

• Chapter 6 is devoted to the attenuation phenomena of EAS in an 

induced by primary CRs. The chapter is mainly focussed on a particular 

analysis technique to derive the proton air cross section from CR data at 

the relevant energies. This work is intended to examine critically the role 

of air shower fluctuations on the cross section measurements from 

detailed M C simulations. 

• Chapter 7 deals with the evaluation of the flux of the TeV gamma-rays 

and neutrinos to be observed at Earth which are produced in pulsar 

environments by interaction of polar cap accelerated hadrons with 

ambient photon fields. In the present work we tried to improve earlier 

estimation of neutrino flux from pulsar by emphasizing about the 

constraint imposed by the observed gamma-ray fluxes from several 

potential pulsars. The importance of consideration of proper polar cap 

geometry while evaluating the neutrino flux has also been stressed. 
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Finally the observational situation of neutrino detection from pulsars by 

the present neutrino telescopes and the possibility of the upcoming 

neutrino telescopes are discussed. 

• Chapter 8 will contain a discussion on the findings. 


