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The relation between the deposit energies of the muons and their primary energies, and the
relation between the deposit energies and their Cherenkov light yields in KM3 detector
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Abstract: In the KM3 detector or pre-KM3 detector like AMANDA, one may recognize that [1] the deposit energies
of the muon produced in the detector by neutrino interaction are proportional to their primary muon energies and [2]
these deposit energies are equivalent to Cherenkov light yield produced by the deposit energies. In these detectors in
which high energy muons are detected via Cherenkov light, one may recognize that the primary energies of the muons
are uniquely determined by measuring Cherenkov yields in the detector under the prepositions of [1] and [2]. We have
carried out extensive numerical compute experiments for the examination on the validities of the prepositions [1] and [2].
In our present paper, we discuss these validities quantitatively in detail.
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1 Introduction

In the KM3 detector or pre-KM3 detector, one estimates
the energies of (extremely) high energy muons resulted in
the neutrino interactions through Cherenkov light yields.
Then, one assumes implicitly that the energy loss of the
muon may be proportional to the primary energy of the
muon and the Cherenkov light yields may be equivalent
to the energy loss of the muon. In our paper, we exam-
ine whether this validity is really guaranteed or not by our
extensive and rigorous computer numerical experiment.

2 A hypothetical detector for measuring
Cherenkov light yields

In Figure 1, we schematically show a hypothetical detector
in our computer numerical experiment. We make muons
with given primary energies to inject into the hypotheti-
cal detector and pursue the behaviors of the muons con-
cerned, taking into account of the stochastic characters in
all physical processes concerned exactly. In the passage
of the muons concerned in the detector, we exactly simu-
late the behaviors of the muons, namely, where, what kind
of the interactions (bremsstrahlung, direct electron pair or
photonuclear interaction) and what the dissipated energy.
The detail of the stochastic treatment on the behaviors of
the muon is explained in another paper by the same authors
[1].

The Cherenkov light yields are produced by both the muon
themselves and by the electromagnetic cascade showers
initiated by muons which are generated by bremsstrahlung,
direct electron pair production or photonuclear interaction.
In Figure 2, we give the ratios of the Cherenkov light yields
due to the accompanied electromagnetic cascade showers
to those due to [these accompanied showers plus muons
themselves]. It is clear from the figures that above the en-
ergies of 1015eV, the most of the Cherenkov light are oc-
cupied by those from the electromagnetic cascade showers
and those from muons themselves can be neglected.
Fluctuation of the Cherenkov light yields produced in the
accompanied electromagnetic cascade showers are con-
sist of two parts. The first part is the fluctuation of
the dissipated energies due to different physical processes
(bremsstrahlung, direct electron pair production and photo
nuclear interactions) and the second part is the fluctuation
in the accompanied electromagnetic cascade showers. Due
to these different natures of the fluctuations, the develop-
ments of Cherenkov light yields show the complexity.

3 The correlation between the total
Cherenkov light yields and the corre-
sponding energy loss

The total Cherenkov light yield denotes the sum of those
due to the muons themselves and those from the accom-
panied cascade showers by the muons and the dissipated
energy losses denote the total energy losses due to physi-
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Figure 1: Observation points for measuring the energy
losses due to muons and the Cherenkov light yields due
to the energy losses.
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Figure 2: The Ratios of the Cherenkov light yields due to
the accompanied electromagnetic cascade showers due to
muon to those due the muons themselves as the function of
the length traversed for different primary energies.

cal processes of the bremsstrahlung and others. In Figures
3 to 7, we give the correlation diagram between the total
Cherenkov light yields and the dissipated energies (energy
deposits) muons up to 200, 500 and 1000 meters for 1014,
1015, 1016eV, respectively. The sampling number is 500.
In Figures 3 and 4, we give the correlation diagram be-
tween the total Cherenkov light yields and the energy losses
at 200 meters, 500 meters and 1000 meters from the in-
jection point for 1014eV and 1015eV muons, respectively.
It is clear from the correlations at different observation
points overlap partially, which fluctuations in both the total
Cherenkov light yields and the energy losses are complicate
and large. At the observation point of 200 meter(shallower
depth), The correlation, namely, the fluctuation of the total
Cherenkov lights yields (the energy losses ) for given the
total energy losses (Cherenkov light yields) become larger,
compared with those at larger 1000 meters (deeper depth).
In Figures 5 to 7, we give the similar correlations at 200
meter, 500 meter and 1000 meters for 1016eV where the
Cherenkov light yields due to muon themselves are com-
pletely neglected. At 100 meter observation point, the un-
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Figure 3: The correlation between the energy losses of
muons and the Cherenkov light yields at 200, 500, 1000
meters for 1013 eV.
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Figure 4: The similar graph to Figure 3 for 1015 eV.

certainty in the energy loss spreads over two decades and
the uncertainty in the total Cherenkov light yields spread
over two decades or more.
At the observation point of 1000 meters, the uncertainty
of the energy losses spread over one decade, while the
Cherenkov light yields spread over two decades. Here, no-
tice roughly speaking, that ∼ 10 % of the primary energy
is dissipated at most.
From the comparison among the Figures 3 to 7, we cannot
claim that the energy loss may be proportional to the pri-
mary energy and, furthermore, total Cherenkov light yields
may be proportional to the energy loss.
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Figure 5: The similar graph to Figure 3 at 200 meters for
1016 eV.
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Figure 6: The similar graph to Figure 5 at 500 meters..

In Figures 8 and 9, we give the transition curves of the to-
tal Cherenkov light yields as the function of the depths for
1013, 1015eV, respectively. Here, the total Cherenkov light
yield for given depth denotes total quantity of Cherenkov
light at given depth. The sampling number is 500 per
each primary energy. The uncertainty bars attached to each
curve denote show the ranges within which 68 % of the
total number of the events are included which correspond
to one sigma in the normal distribution. The distributions
of the event numbers around their average values are far
from the normal distributions. Also, it is clear from the
figures that we cannot estimate the energy loss from the to-
tal Cherenkov light yields, taking large deviation from the
average values.
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Figure 7: The similar graph to Figure 5 at 1000 meters..
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Figure 8: The transition curve of the Cherenkov light yields
as the function of the depth for 1013 eV. The sampling num-
ber is 500.

In Figures 10 and 11, we give the individual transition
curve initiated by a muon. We overplot three different
curves for the same primary energies. [Shortest] denotes
the real transition initiated by a muon with shortest range
among 500 sampled events. [Longest] denote the tran-
sition curve initiated by a muon with the longest ranger
among the same sampled. [Average-like] denotes the tran-
sition curve by a muon with range of which is nearest to
the average range among the same sampled. The tran-
sition curves with shortest in Figure 10 die within 100
meters from the starting point. The muon with short-
est range for primary energy of 1013 eV terminates, ow-
ing to the catastrophic energy loss of the bremsstrahlung.
Correspondingly, the catastrophic energy loss due to the
bremsstrahlung causes an electromagnetic cascade shower
with extremely high primary gamma ray (bremsstrahlung)
and the cascade shower produce Cherenkov light yield. We
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Figure 9: The similar graph to Figure 8 for 1015 eV. The
sampling number is 100.

simulate the cascade shower exactly under the framework
of one dimensional and Approximation B. [2]. and then,
considering the effect of the absorption in the Cherenkov
light yields which electrons in the cascade showers gener-
ate. The reason why there are no significant differences in
the general picture between the average-like and the longest
comes from that the length of 1000 meter is pretty short
for total absorption of the Cherenkov light yields 1013eV
muons. Notice that the saw-like character of individual
transition curve in the figure which is quite different from
the smoother curves in Figure 8.
Similarly, we show the corresponding ones initiated by the
primary muon of 1015eV in Figure 11. It is clear from the
Figure 11 that fluctuations become violent, compared with
the case of 1013eV. Here, even the transition curve with
shortest range does not lie within 1000 meters. The saw-
like character of individual transition curve become more
violent compared with 1013eV.
Also, it is clear from Figures 8 and 11 that we cannot the
individual energy loss from the corresponding energy loss
which cannot directly connect with primary muon energy.
Furthermore, it is necessary to know the information on
the neutrino energy spectrum which finally produces the
muons concerned as for the estimation of primary muon
energies. Thus, it is easily concluded for the moment that
we can estimate neither the primary energy of muons from
their energy losses, nor their energy losses from their to-
tal Cherenkov light yields. This is the real problem which
KM3 projects face for the present.
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Figure 10: Individual transition curve of the Cherenkov
light yields as the function of the depth with shortest,
average-like and the longest range for 1013 eV.
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Figure 11: The similar graph to Figure 10 for 1015 eV.
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