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DISCUSSION 

A major issue concerning the study of CRs at PeV energies 1s the 

understanding of the knee of the CR energy spectrum which is likely to provide 

key information about the ongm of galactic CRs. If the knee in ~he primary CR 

spectra is due to a mechanism that depends on magnetic rigidity, one expects 

systematic changes in CR composition through this region. But due to the limited 

knowledge of particle interactions at high energies and the large fluctuations, 

which are intrinsic to any EAS, the conclusions on primary CRs deduced from 

EAS measurements remain somewhat uncertain; sometimes even there are 

divergences of conclusions from experiment to experiment. To overcome the 

limitations recent strategies include consideration of several EAS observables 

simultaneously extracting information on primary CRs from EAS observations. 

From a detailed MC simulation we find that the lateral shower age that 

describes the slope of the radial distribution of electrons in EAS is a primary mass 

sensitive parameter. However, a major problem is the reliable and unambiguous 

estimate of lateral shower age from experimentally measured electron densities 

owing to its radial variation. In this regard our investigation suggests that the local 

age offers a good solution towards an unambiguous estimation of the shower age. 

It is also· noticed that the lateral distribution of electrons in EAS exhibits some sort 

of scaling (energy independent) behaviour in terms of this local age parameter. 

Hence the local age can be employed to extract information about the nature of the 

primary particle through a multi-parameter approach of studying EAS. It has been 

found from our analysis that the 3-dimensional plot of shower size versus muon 

size and shower age seems to offer better accuracy in compare to the more 

conventional approach of implementing it through the shower size versus muon 

s1ze curve. 

It is further noticed from a detailed MC simulation study that LAP can be 

used to separate out gamma ray initiated EAS from the large background of hadron 

induced EAS. If LAP can be estimated experimentally with good precision the 

proposed observable might be particularly useful for surface detector experiments 

those have no reliable muon measurement facilities. 
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An important question is the experimental realization of the adopted 

techniques involving LAP. The local age at a particular distance is not always 

practical owing to the large fluctuation in the electron density data in a real 

measurement. A rational idea could be to take some sort of average local age 

between the first minimum, at around a core distance of 50 m, and the subsequent 

local maximum, at around 300 m. The uncertainty in estimating LAP is usually 

large m normal circumstances as the parameter depends on the logarithmic 

derivative of the density versus radial distance. Thus, uncertainty in estimating 

LAP from experimental data arises mainly from the uncertainties in electron 

densities and those m radial distance measurements due to uncertainty in 

determination of shower core position. These uncertainties, however, should be 

small for a closely packed air shower array like GRAPES-III at Ooty (Gupta et al. 

2005) or for a full coverage EAS array like ARGO - YBJ (Sciascio & Girolamo 

2007) and thus it would be an interesting task to study the characteristics of LAP 

experimentally using observed EAS data from such installations. 

During the development of a CR cascade in the atmosphere, the secondary 

charged particles in the shower are influenced by the geomagnetic field; positive 

and negative charged particles get separated out and constitute an electric dipole 

moment. We found from a MC simulation study that muon dipole length due to 

geomagnetic field is a primary mass sensitive parameter, particularly for inclined 

EAS those offer a larger path for the charged particles to move in the atmosphere. 

The important point is that whether muon dipole length can be realized 

experimentally. The ongoing experiments, such as the WILLI detector (Wentz et 

al. 2001, Brancus et al. 2003 & Agostinelli et aL 2003) or the Okayama University, 

Japan EAS installation have the capability to extract charge information of high 

energy muons but these experiments do not have large muon detection area, which 

is needed to estimate muon dipole length precisely. If in future these experiments 

are extended in order to cover larger detection area or new installation of large 

muon detection area with capability of charge identification come up, the muon 

dipole length can be exploited to extract the nature of shower initiating primaries. 

The study of EAS offers an opportunity to estimate the total p-air cross 

section at energies well beyond the accelerator/collider energies. Also note that 

even at accelerator energies total cross section is very difficult to evaluate from 

collider experiment. It is found from experiment as well as from MC simulation 

that the frequency absorption length of EAS with particular muon and electron 
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sizes 1s not the same to the mean free path. The intrinsic fluctuations associated 

with EASs are generally believed to be responsible for such inequality. We 

examine this point critically and found that shower fluctuation does not have much 

effect. 

Besides the supernova remnants, pulsars are potential candidates for the 

sources of galactic CRs. Observation of electromagnetic radiation from radio to 

TeV gamma-rays from pulsars decisively suggest that charge particles get 

accelerated in the pulsar environment. However, a big question is that whether 

hadron/nuclei are accelerated at pulsars? So far bearing one or two exceptional 

cases, the observed electromagnetic radiation from pulsars can well be interpreted 

in terms of presence of energetic leptons in pulsars. Observation of appropriate flux 

of neutrinos can give definitive conclusion about the presence of energised hadrons 

in the pulsar atmosphere. An investigation reported in this thesis, however, 

suggests that pulsars (within 10 kpc of Earth and younger than 105 yrs.) are 

unlikely to be strong sources of Te V neutrinos if hadrons are accelerated by polar 

caps of pulsars and the non-detection of any statistically significant excess from the 

direction any pulsar by the AMANDA-II is thus as per the expectations. If 

protons are accelerated to Pe V energies by the pulsar, then pulsar nebulae are more 

probable sites of energetic neutrinos provided energetic particles of Pe V energies 

are efficiently trapped by the magnetic field of the nebulae. But, even for pulsar 

nebulae the expected event rates are small and the detection of pulsar nebulae by 

the ongoing neutrino telescopes, such as the Ice Cube (Halzen 2006), is very low. 

Hence testing pulsars as sources of hadronic cosmic-rays through neutrino 

astronomy requires at least an order more sensitive neutrino telescope than Ice 

Cube. 


