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Fig. 1. Type and counts of secondary components in the

EAS, the primary particles are proton (black) and iron

(red). Energy of the primary particle is log;o(E/GeV) = 5.1.
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Fig. 2. Lateral distribution of secondary components produced by different primary particles during EAS: (a) Primary particle is

proton with energy log,o(E/GeV) = 5.1; (b) primary particle is iron with energy log;o(E/GeV) = 6.9.
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Fig. 3. Distribution of the number of secondary components produced by different primary particles during EAS in the detection

plane: (a) Primary particle is proton with energy log;o(E/GeV) = 5.1; (b) primary particle is iron with energy log;o(£/GeV) = 6.9.
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Fig. 4. Dependence between parameters s and A in gamma (a) and electron (b) lateral distribution fitting (Shower is induced by

proton and iron respectively, and the blue dotted line is the fitting curve).
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Fig. 17. Comparison of the distribution of pe (a), s+ (b), pu(c), pn (d) and pc at r =50m (e), r = 150 m (f) for # = 0° and 6 = 45°.

The primary particle is iron with energy log,(E/GeV) = 6.1.
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Properties of secondary components in extensive air shower
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of cosmic rays in knee energy region
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Abstract

The “knee” of cosmic ray spectra reflects the maximum energy accelerated by galactic cosmic ray sources
or the limit to the ability of galaxy to bind cosmic rays. The measuring of individual energy spectra is a crucial
tool to ascertain the origin of the knee. However, the measuring of energy and the identifying of primary nuclei
are the foundation of measuring the energy spectra of individual components. The Extensive Air Shower of
cosmic rays in the knee energy region is simulated via CORSIKA software. The energy resolution for different
secondary components (include electron, gamma, muon, neutron and Cherenkov light) and primary nuclei
identification capability are studied. The energy reconstruction by using electromagnetic particles (electron,
gamma and Cherenkov light) in the energy around “knee” is better than by using other secondary particles.
The resolution is 10% —19% for proton, and 4% -8% for iron. For the case of primary nuclei identification
capability, the discriminability of density of muons is best both at low (~100 TeV) and high (~10 PeV) energy,
the discriminability of the shape of lateral distribution of electron and gamma-rays are good at low energy and
the discriminability of density of neutrons is good at high energy. The differences between the lateral
distributions of secondary particles simulated by EPOS-LHC and QGSJet- I1-04 hadronic model are studied.
For electron, gamma and Cherenkov light, the differences of the number of particles are within 5%; for muon,
when the perpendicular distance from the shower axis is greater than 100 m, the difference of the muon number
is within 5%; for neutron, the difference in neutron number between the two models is larger than 10%. The
results in this work can provide important information for selecting the secondary components and detector

type during energy reconstruction and identifying the primary nuclei of cosmic rays in the knee region.
Keywords: extensive air shower, cosmic rays, composition and phase identification, energy reconstructions
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