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Abstract: On the examination on L/E analysis performed by Super-Kamiokande Collaboration, we have concluded that the study 
on neutrino oscillation with the use of cosmic ray beams cannot specify neutrino oscillation parameters reliably, because the cosmic
ray experiments cannot determine the direction of the incident neutrino, while the accelerator experiment can do, if neutrino oscilla-
tion really exists. We examine the fundamental assumption postulated by Super-Kamiokande Collaboration that the direction of the
incident neutrino is approximately the same as that of the emitted lepton does not hold even if approximately and their νμ EL  ( μμ EL )
distribution does not show any maximum oscillations which is the logical consequence of the survival probability for a given flavor 
such as μν .
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1 Introduction 
The detection of the neutrino oscillation is con-

structed entirely upon the survival probability for a given 
flavor such as μν :
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where  and  denote, the flight length of the inci-
dent neutrino from the  generation point to the interaction 
point and its energy, respectively. 
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Then, for maximum oscillations under SK neutrino oscil-
lation parameters, we have 

( ) ,
2

1227.1 2 π
νν ×+=Δ nELm      (2) 

where and [1]. 
From Eq.(1), we should have the following values 
of
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and so on. 

However, generally speaking, it is pretty difficult to de-
cide oscill tion parameters,  and  definitely 
from the cosmic ray experiments, because in principle, 
one cannot observe the directions of the incident neutri-
nos due to the nature of cosmic ray beams, while one can 
decide the directions of the incident neutrinos in the 
accelerator experiments, because we know the exit of the 
neutrino beams from the accelerator. 

θ22sin 2mΔ

2 Why Do We Emphasize the Impor-
tance of QEL Events as Fully Con-
tained Events?

νL  for maximum oscillations.
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In spite of the difficulty inherent in the cosmic ray ex-
periments exclusively, but not inherent in the accelerator 
experiments, if one  tries to “accurate“ experiments in the 
cosmic ray experiments, one should try to exclude other 
uncertainties as much as possible, keeping aside uncer-
tainty for the directions of the incident neutrinos. Conse-
quently, one must choose the most reliable events with 
the highest quality among all possible detectable events. 
The events which satisfy such severe conditions are sin-
gle ring lepton (electron or muon) events due to quasi 
elastic scattering (QEL) which are generated in the detec-
tor and terminated in it (Fully Contained Event).  In this 
case, one may know the kinds of the neutrinos, the direc-
tions of the emitted leptons and their energies. 
The single ring lepton events due to QEL are expressed 
in the followings: 
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The differential cross section for QEL is given as fol-
lows[2]: 
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The signs + and – refer to )(eμν  and )(eμν  for charged 
current (c.c.) interactions, respectively. The Q2 denotes 
the four momentum transfer between the incident neu-
trino and the charged lepton. Details of other symbols are 
given in [2].  
In Figure 1, we give the relation between the scattering 
angles and the ratio of the emitted muons’ energy to the 
parent muon due to QEL for different primary neutrino 
energies.  It is clear from the figure that we cannot ne-
glect the effect of large angle scattering including the 
backscattering in QEL, if we consider larger flux of the 
neutrinos with smaller energies.

Figure 1. The relation between νμ EE  and the scattering 
angle sθ due to QEL for different primary energies.

In Figure 2, we give the schematic view of the muons for 
different typical zenith angles, focusing on their azi-
muthal angles in QEL. It is clear from the figure that the 
effect of the azimuthal angle in QEL on the directions of 
the emitted muons cannot be neglected, particularly in 
the horizontal like neutrinos. 

It is easily surmised from Figures 1 and 2 that for neutri-
nos with given directions (downward or upward), there 
are two directions (downward or upward) of the emitted 
muons.  Namely, downward (upward) vertical like neu-
trinos produce downward (upward) muons with smaller 
scattering or produce upward (downward) muons with 
backscattering.  Downward (upward) horizontal-like 
neutrinos produce either downward (upward) muons or 
upward (downward) ones which may depend on the 
accidental combinations of scattering angles and the 
azimuthal angles in QEL. The situation around the direc-
tions of muons is too complicated and it is impossible to 
understand the situation without careful and exact simu-
lation, considering the neutrino flux and the geometry of 
the detector. 

Figure 2. Schematic view for the effect of the azimuthal angle 
on the direction of the muon for the typical directions of the 
neutrinos.
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3 SK Assumption on the Direction
and the Transform of Energy  

 We carry out the extensive computer numerical ex-
periments in which all possible factors are taken into 
account, considering the stochastic characters of the 
physical processes concerned as exactly as possible. 

In Figure 3, we give the correlation between  and 
 with oscillation. Super-Kamiokande Collaboration 

postulate the fundamental assumption (SK Assumption on 
the direction) that the direction of the incident neutrino is 
approximately the same as that of the emitted 
muon[3,4,5]

νL
μL

1. It is clear from the figure that SK Assump-
tion on the direction does not hold even if approximately, 
which is the cornerstone for their analysis on neutrino 
oscillation. 

Figure 3. The correlation between  and  for the neutri-
nos and muons (blue points) and anti-neutrinos and anti-muons 
(red points) for one SK live day.

νL μL

Figure 4. The correlation between  and  for the neu-
trino and muons (blue points) and the anti-neutrino and anti-
muons (red point) for one SK live day. The line shows the 
relation between them obtained by Super-Kamiokande Collabo-
ration.

νE μE

Also, Super-Kamiokande Collaboration give the ap-
proximated formula from which they derive the energy of 
the incident neutrinos (Eq.(9) in [3]). The idea of making 
the approximated formula denotes implicitly that the 
relation between  and  is unique, but not stochastic. 
However, it is not true. The relation between  and 
is quite stochastic, the nature of which depends on the 
combination of QEL and the neutrino spectrum. In Fig-
ure 4, we give the correlation between  and to-

νE μE
νE μE

νE μE
gether with their polynomial approximation (the line in 
                                                          
1 Here denotes the corresponding flight length of the 
emitted muon. 

μL

the figure)2. It is clear from the figure that the correlation 
cannot be neglected. 

4 L/E Distributions by our Computer 
Numerical Experiments

4.1 �� EL distribution
Super-Kamiokande Collaboration had obtained the data 
for neutrino oscillation for 1489.2 live days[1].  We have 
carried out 25 SK live days in the unit of 1489.2 live 
days (one SK live day). In Figure5, we give νν EL  dis-
tribution, adopting neutrino oscillation param  ob-
tained by Super-Kamiokande Collaboration. Our 

eters
νν EL

distribution indicates well the existence of the first -
mum oscillation (A), the second maximum oscillation (B)
and the third maximum oscillation (C). This is the evi-
dence that our computer numerical experiments are car-
ried out in a correct manner. To make the existence of the 
maximum oscillation clearer, we plot our 

 maxi

νν EL

Figure 5. νν EL distribution obtained by us for 10 SK live 
rows Adays. The ar , B and C indicate the locations of the first, 

the second and the third maximum oscillations, respectively.

νν ELFigure 6. distributions with and without oscillation in 
for 10 linear scale SK live days.

Figure 7. Correlation between  and for 10 SK live 
ati  th

νL νE
days. A, B and C indicate the loc ons of e first, the second 
and the third maximum oscillations.

2 Here is the energy of the emitted muon due to QEL. μE
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istribution together with the corresponding one without 

of the 

4.2

d
oscillation in a linear scale in Figure 6. The maximum 
oscillations after the fourth one are surely found. 
  The alternative expression of the existence 
maximum oscillations is given in the correlation diagram 
between νL  and νE  in Figure 7. The vacant regions in 
the figure indicated by A, B and C show the first, the 
second and third maximum oscillations. 

�� EL distribution
examine On the other hand, we μμ EL  distribution.

N boratiotice that Super-Kamiokande Colla on really did 
not measure νL  and νE  but μL  and μE , because they 
cannot measur νL  an νE  du  of th r neutrality. We 
give 

e d e to ei
μμ EL  dist ution ith oscillation together with 

the c nding one without oscillation in a linear 
scale in Figure 8. From the comparison of Figures 8 with 
6, it is clear that there are no maximum oscillations in 

rib w
orrespo

μμ EL  distribution. In Figure 9, we give the correlation 
 between μL  and μE . Here, we cannot find any 

vacant regions wh h corre ond to the locations of the 
maximum oscillations. In conclusion, we cannot find any 
indication on the maximum oscillations through 

diagram
ic sp

μμ EL
distribution. This fact tells us that we cannot spec  
neutrino oscillation parameters in 

ify the
μμ EL analysis.

Super-Kamiokande Collaboration ximate νLappro  with 
μL  based on SK assumption on the direction and place 

 by the approximate formula of μE . Namely, they 
m that they measure 

 re
νE

clai νν EL  throu  this procedure. 
However, this claim have the ground, because SK 
assumption on the direction does not hold even if ap-
proximately.  

gh
 lost 

Figure 8. μμ EL distributions with and without SK neutrino 
 lineaoscillation in r scale for 10 SK live days.

Figure 9. Correlation between  and or 10  live 
days.

y, we compare our L/E distribution with that ob-
tained by Super-Kamiokande ollaboration in Figure 10.  
Finall

C
There are two remarkable differences between our L/E
distribution and theirs. The first one is that we have the 
sharp maximum oscillation near 515km/GeV, while they 
have far broader range for the first maximum oscillation.
The second one is that we have the maximum frequency 
for the events at  1 km/GeV, while they have the corre-
sponding one at  20 km/GeV, by an order of magnitude 
larger than ours. As for the position of the maximum 
oscillation, it is unnatural for them to have far wider 
vacant region for the events, considering the nature of the 
maximum oscillations.  As for the maximum frequency 
for the events, Super-Kamiokande Collaboration should 
have the horizontal like events there, which contradict 
with real ones, because the horizontal like events cannot 
be expected to be more frequent due to smaller solid 
angles. 

Figure 10. The comparison of our νν EL  distribution with 
the corresponding distribution obtained by Super-Kamiokande 

ta obt

Conclusion
that Su r-Kamiokande Collabora-
the real direction of incident neu-

t

]Ashie,Y. et. al., Phys. Rev. D, 2005, 71 : 112005- 
990, Electro-weak Interaction, Cam-

01 

Collaboration. The experimental da ained by Super-
Kamiokande collaboration are read out from their data[3].

5
We have concluded 

tion may not measure 
pe

rinos in their L/E analysis who are based on SK assump-
tion on the direction. Consequently, we suggest them to 
re-analysis the zenith angle distribution of the neutrino 
events, abandoning SK assumption on the direction.  
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