
positrons varies by !20% for proton showers in air
depending on the choice of the hadron interaction model
used. These differences are similar in magnitude to the dif-
ferences between the AZ, Geant4 and CORSIKA simula-
tions reported here. Hence the observed differences
between the Geant4, AZ and CORSIKA simulations in
water could be within the uncertainties of the hadronic
interaction models.

4. Simulation of neutrino induced showers

Neutrinos interact with the nuclei of the detection med-
ium by either the exchange of a charged vector boson
(W±), i.e. charged current (CC) interactions or the

exchange of the neutral vector boson (Z0), i.e. neutral cur-
rent (NC) deep inelastic scattering interactions (see for
example [27]). The ratio of the CC to NC interaction cross
sections is approximately 2:1. The CC interactions produce
charged secondary scattered leptons while the NC interac-
tions produce neutrinos. The hadron shower carries a frac-
tion y of the energy of the incident neutrino and the
scattered lepton the remaining fraction 1 " y. We assume
that the neutrino flavours are homogeneously mixed when
they arrive at the Earth by neutrino oscillations. Hence, in
the CC interactions electrons, l and s leptons will be pro-
duced as the scattered leptons in equal proportions. At the
energies we shall consider, these particles behave in a
manner similar to minimum ionising particles for l and s
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Fig. 2. Averaged radial energy deposited per 20 g cm"2 vertical slice per unit radial distance for 100 proton showers in sea water at energy 104 GeV (left
hand plots) and 105 GeV (right hand plots) generated in Geant4 and CORSIKA versus distance from the axis in the water for different depths of the
shower.
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