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PREFACE 

The origin of cosmic rays remains one of the greatest challenges in modern 

physics. Cosmic rays span an enormous range of energy from about 109 eV to 

beyond 1020 eV. The energy spectrum of primary cosmic rays exhibits power law 

behaviour with an energy spectrum that is essentially a continuous power law. At 

about 3 x 1015 eV the primary cosmic ray spectrum steepens slightly. This feature 

is commonly called the knee of the spectrum. Because of the presence of the knee 

feature the Pe V energy reg1on Is an area of intense study in cosmic ray research. 

The proper explanation of the knee is supposed to be a corner stone in 

understanding the origin of cosmic rays. 

The knowledge about the composition of primary cosmic rays m the Pe V 

domain is of fundamental importance for understanding the knee. However, despite 

several extensive experimental efforts no definite conclusion on change of 

composition across the knee could be drawn. This is mainly because of the inverse 

problem of deriving the mass composition of cosmic rays from EAS 

measurements, which is an indirect but only feasible way of studying cosm1c rays 

at this energy range owing to low flux of primary cosmic rays, is quite difficult. 

Under this context various aspects related to Pe V cosmic rays, which 

include MC simulation study of detailed characteristics and pnmary mass 

sensitivity of few EAS parameters/observables (shower age and muonic dipole 

length) for the purpose of employing them to extract the nature of primary particle 

reliably through a multi-parameter approach of studying EAS, a critical 

examination of the proton-air and Fe-air interaction cross section measurements by 

the EAS technique in order to gain physical insight for the deviation of EAS 

absorption length from interaction mean free path of Pe V cosmic ray particles in 

the atmosphere, and quantifying the neutrino and gamma ray signatures of Pe V 

cosmic rays if they are accelerated by polar caps of pulsars, have been investigated 

and reported in this thesis. 

The important findings of works reported m the present studies are listed 

below: 

[i] The lateral distribution of electrons m EAS exhibits some sort of scaling 

behaviour in terms of the local lateral shower age parameter. This feature is 
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nearly independent of the primary energy, mass, observational level and 

hadonic interaction modeL 

[ii] The local age parameter (LAP) offers a good solution towards an 

unambiguous estimation of the lateral shower age. 

[iii] The lateral shower age offers a good estimator of the longitudinal 

development of an EAS cascade on a statistical basis, as also noted in some 

earlier works. 

[iv] The local/lateral shower age might be useful for extracting information 

about the mass of primary cosmic rays. The fluctuation of the LAP has also 

been found to be sensitive to the nature of the primary particle. 

[v] It appears that the local age parameter, if measured with good preclSlon 

can be employed in discriminating y-ray initiated EAS from hadron induced 

EAS. 

[vi] The "muonic dipole length" in inclined EAS is found sensitive to primary mass; 

it is larger for iron primary in compare to that for proton. 

[vii] From a detail MC simulation study it is found that the au shower 

fluctuations has limited effect on hadron-air cross-section measurements 

using EAS technique, rather the characteristics of high energy interactions 

seem to play the major role for the deviation of EAS absorption length from 

mean free path of the hadron in air. 

[viii] Cosmic rays at PeV energ1es might be accelerated at polar caps of 

pulsars. The presence of a hadronic component m the flux of pulsar 

accelerated particles should result in the emission of high-energy neutrinos 

and gamma-rays simultaneously as both charged and neutral pions are 

produced in the interactions of energetic hadrons with the ambient photon 

fields surrounding the acceleration region. We estimated gamma-rays and 

neutrino f1uxes for some nearby gamma-ray pulsars and compared with the 

available observations. The present study suggests that pulsars are unlikely 

to be strong sources ofTeV neutrinos. 
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