
To avoid complications in determining the hadronic
shower energy, generated events in which the energy differ-
ence between the incident and scattered leptons disagreed
with the hadronic shower energy by more than 20% were
eliminated. Such complications arose from radiative effects
or from processes in which the scattered lepton is mistak-
enly taken to be a secondary lepton produced in the event.
This led to a loss of 17% of the generated events with
shower energy greater than 0.5 · 1010 GeV. Approximately
70 events remained in each energy interval. The energy
depositions from these were averaged and compared to
the averages from proton showers scaled by the ratio of
the shower energy to the proton energy. Fig. 5 shows the
longitudinal distributions of the hadronic shower energy
deposited for the different energy intervals (labelled EW)
compared to the scaled proton distributions. Fig. 6 shows
a sample of the transverse distributions.

There is a good consistency between the proton and neu-
trino induced showers. The proton showers peak, on aver-
age, 20 g cm!2 shallower in depth with a peak energy 2%
larger than the neutrino induced showers. This is small com-
pared to the overall uncertainty. The slight shift in the longi-
tudinal distribution is reflected as a normalisation shift in the
radial distributions. We conclude therefore that to equate a
proton induced shower starting at the neutrino interaction
point to that fromaneutrino is a satisfactory approximation.

5. Parameterisation of showers

In this section a parameterisation of the energy depos-
ited by the showers generated by CORSIKA (averaged
over 100 showers depositing the same total energy) is
described. Other available parameterisations will then be
compared with the showers generated by CORSIKA.

The acoustic signal generated by a hadron shower
depends mainly on the energy deposited in the inner core
of the shower. This is illustrated in Fig. 7 which shows
the contribution to the acoustic signal from cores of differ-
ent radii. The contribution is shown in the median plane,
i.e. the plane through the shower maximum at right angles
to the axis of the shower. This figure indicates that it is cru-
cial to represent the deposited energy well at radius less
than 2.05 g cm!2. The calculation of the acoustic signal
from the deposited energy is described in Section 6.

5.1. Parameterisation of the CORSIKA Showers

The differential energy deposited was parameterised as
follows

d2E
dr dz

¼ Lðz;ELÞ % Rðr; z;ELÞ ð5Þ

where the function L(z,EL) represents the longitudinal dis-
tribution of deposited energy and R(r,z,EL) the radial dis-
tribution. Here EL is log10E with E the total shower energy,
z is the longitudinal distance from the interaction point and
r is the radial distance from the shower axis.

The function L(z,EL) = dE/dz is a modified5 version of
the Gaisser–Hillas function [38]. This function represents
the longitudinal distribution of the energy deposited.

Lðz;ELÞ ¼ P 1L
z! P 2L
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Here the parameters PnL were fitted to quadratic functions
of EL = log10E with values

P 1L

E
¼ 2:760 % 10!3 ! 1:974 % 10!4EL þ 7:450 % 10!6E2

L ð7Þ

P 2L ¼ !210:9! 6:968 % 10!3EL þ 0:1551E2
L ð8Þ

P 3L ¼ !41:50þ 113:9EL ! 4:103E2
L ð9Þ

P 4L ¼ 8:012þ 11:44EL ! 0:5434E2
L ð10Þ

P 5L ¼ 0:7999 % 10!5 ! 0:004843EL þ 0:0002552E2
L ð11Þ

P 6L ¼ 4:563 % 10!5 ! 3:504 % 10!6EL þ 1:315 % 10!7E2
L ð12Þ
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Fig. 7. The acoustic signal in sea water at a distance of 1 km from the
shower axis in the median plane computed from the average of 100
CORSIKA showers each depositing a total energy of 109 GeV in the
water. The dotted, dashed and solid curves shows the signals computed
from the deposited energies within cores of radius 1 cm, 2 cm and the
whole shower (solid curve), respectively. It can be seen that most of the
amplitude of the signal comes from the energy within a core of radius
2 cm.

5 The modification is to replace the shape parameter k in equation 3.5 of
[38] by the quadratic expression in z in Eq. (6).
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