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Abstract: We analyze the muon-like Events(single ring image) in theeBiKamiokande (SK) detector
by the Computer Numerical Experiment. Assuming the pararseif the neutrino oscillation obtained by
the SK which characterize the type of the neutrino oscilgtive reproduce the zenith angle distributions
of the muon-like events in Fully Contained Events and comphem with the distributions obtained
by the SK. Also, we carry out the L/E analysis of the muon-lgk@nts by the Computer Numerical
Experiment and compare them with those by the SK.

I ntroduction Correct distributions from the com-

puter numerical experiment
In Super-Kamiokande collaboration — hereatfter,
SK, simply —, they assume that the direction of the |n the another paper[3], we show that the relati
incident neutrino is as same as the direction of the petweencos 6,,, cosine of the zenith angles of t
emitted lepton [1], [2]. Hereafter, we call this as- incident neutrinos andos 6,,, the zenith angles o
sumption asthe SK assumption on the direction. the emitted leptons for the upward incident ne
In an another paper (abstractlD:251), we show that trino energy spectrum (no oscillation) near SK ¢
SK do not determine the direction of the incident tector. In this case, we examine the relation |
reliably [3]. In the present paper, we compare tweencos 6, andcos 6, exclusively from the view
our distributions of the neutrino events under the point of the kinematics, without considering the &
SK neutrino oscillation parametesig?20 = 1.00 tual condition around the detector.
and Am? = 2.1 x 107%eV?) in the case that
the scattering angle of the lepton in quasi elas-
tic scattering(QEL)[4] are correctly taken into ac-
count with the actual SK distributions and examine
the validity on the neutrino oscillation parameters In obtaining Figure 1 and Figure 2, we consic

determined by the SK collaboration. the following conditions: [A] The generated nel
We perform the Computer Numerical Experiment trino events in the detector are judged, which :
for live days which is exactly as same as that of classified as eithefully Contained Events or Par-
1489.2 days by SK. tially Contained Events. Finally, Fully Contained
Events are selected. [B] We consider both the ne
trino interaction energy spectra from the upwe

Correlation diagram between cosf, and
cosf,
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no oscillation

® ] <Ev<2GeV
2<Ev<5GeV
® <Ev>5GeV

cos Bv

Figure 1. Correlation diagram betweeos ), ;)
and cos 0,z for Fully Contained Events in the
case without neutrino oscillation).

oscillation

e 1 <Ev<2GeV
2<Ev<5GeV
® Ev>5GeV

Figure 2: Correlation diagram betweeos 6, ;)
and cos 6,y for Fully Contained Events in the
case with neutrino oscillation( SK neutrino oscil-
lation parameter)).

and downward. In Figure 1, the relation between

cos 6,45 andcos 0,1 ; are given for no oscillation,

in which the neutrino interaction energy spectrum

with no oscillation is utilized. In Figure 2, the sim-

ilar relation are given in the presence with neutrino
oscillation, in which the corresponding spectrum

with SK neutrino oscillation parameters is utilized.

Both Figure 1 and Figure 2 show clearly that SK

assumption on the directioogs 6,5y = cos 0,,(z),

does not hold in both cases with and without neu-

trino oscillation, even if statistically, because it

comes from the property of the kinematics in the
neutrino interactions, which is universal, irrespec-

tive of oscillation or no oscillation. The corre-
lation betweertos 6, andcos 8, in the sec-
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ond quadrant in both Figure 1 and Figure 2 mei
the relation downward neutrino and upward le
tons and corresponding ones in the forth quadt
the relation between upward neutrinos and dou
ward leptons. It is clear from these phenomene
the second and the fourth quadrants that we cc
not neglect the backscattering effect due to Q
for Fully Contained Events for muon. The first
quadrant in Figure 1 and Figure 2 denote the
lation between upward neutrinos and upward I
tons, while the third quadrant denote the relati
between downward neutrinos and downward I
tons. Comparing the first quadrant in Figure 1 w
the corresponding one in Figure 2, it is clear tt
events number in Figure 2 is smaller than that
Figure 1 due to the neutrino oscillation.

The relation between incident neutrinos
and the emitted leptons

In Figure 3, we give the zenith angle distributio
for the upward neutrinos/(andi) and the emitted
muons f; andjz) by these neutrinos. The strong i
regularity in the upward neutrinos denotes that"
statistics by which we could draw definite concl
sionsis not enough, reflecting the complicated n
trino interaction energy spectrum concerned dut
the SK neutrino oscillation parameters. Also, t
existence of the backscattered muon could not
neglected. In Figure 4, we compare the zenith
gle distribution for the emitted muons without o
cillation with the corresponding ones with oscill
tion in the absolute values by our Computer N
merical Experiment. In the zenith angle regic
including the contribution from both upward ar
downward neutrinos.

The number of the upward muons with oscillatit
is significantly smaller than that without oscill:
tion, as they must be. Neutrino events with ¢
cillation are surely smaller than those without ¢
cillation. However, real situation is pretty con
plicated. Upward neutrinos produce the backsc
tered muons which leak out from the regic
cosf, = 0 ~ 1, while downward neutrinos pro
duce the backward muon which penetrate into
same region. As the flux of the upward neutrin
are smaller than these of downward neutrino,

difference of the neutrino events between the c
with oscillation and the case without oscillation a
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smaller in our case than in SK case. Namely, the
neutrino oscillation is exaggerated in SK case than

in the real one. In Figure 5, we compare our case

with oscillation, our case without oscillation and 2.0
SK experimental data. Comparison of our data

with SK data in the same live days tells us that < 1
the fluctuation in both our case with oscillation and
our case without oscillation are rather big, which
denotes we have not enough statistics for drawing ~ 05
definite conclusion. Particularly strong irregular- r
ity in the downward neutrino region shows the di-
rect reflection from the complex structure of the
upward neutrino energy spectrum with oscillation.
The comparison of our data with SK with oscilla- Figure 3: The zenith angle distribution for the u
tion tell us that the possibility that SK data agree Ward incident neutrinos and their emitted muon:
with the data without oscillation is could not be re-  zepith Angle Distribution for Single Ring

Normalized zenith angle distrobution

Fully Contained Events

1489.2 days oscillation

Upward Neutrinos

1.0

o
Q
o
Z Muobns +/

upns +/—
o
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cos 0

jected. Muon Events(QEL)
160 1489.2 days
. . 140 .
Comparison of L/E analysis by Com- | Fully Contained Events
puter Numerical Experiment with that g 100 | o oscillatibn
by SK L)
S 60 ’-\J-L“.:-"—
Z -
Accuracy in the determination for the direction of 22 | oscillation ElL
the incident neutrino is strongly connected with L, 0 e
the distance between the SK detector and the sur-  -10 -08 06 -04 -02 00 02 04 06 08 10
face of the Earth at which the neutrino concerned cos O

is produced. Therefore, the L/E analysis may offer rjgre 4: The zenith angle distribution for tt
a mean for verification on the excellent determina- emitted muon in the neutrino events both with ne

tion for the direction of the incident neutrino. trino oscillation and without oscillation.

In Figure 6, we give the events number as a func-

tion of L/E in the case of the no oscillation. Down- Fully Contained Single Ring Events

ward neutrinos contribute to the first "mountain”, 1489.2 days
while upward neutrinos contribute to the second !
"mountain”. Both the downward neutrinos and up- 08
ward neutrinos with near horizontal direction con- % _
tribute to the "dip”. The existence of the dip com- 2
ing from L/E analysis is independent on the exis- % ‘
tence of neutrino oscillation. 02 | oscillation

Now, let us consider upward neutrino events only. 0
In Figure 7, we give the neutrino events due to 1.0 08 06 -04 -02 00 02 04 06 08 10
upward neutrinos (Our case). As we show in cos B

Figure 3, we could not neglect the effect of the
backscattering. If we consider the events with
backscattering, SK estimates the direction of the
leptons with back scattering as the original direc-
tion of the incident neutrino. In this case, SK

should have such L/E distribution in the figure (SK

case). It is clear that [Our Case] is quite differ-

SK data : p > 400MeV
no oscillation

=]
IS

Figure 5: The normalized zenith angle distrib
tion for the emitted muon in the neutrino ever
both with neutrino oscillation and without osci
lation and the comparison with the correspondi
SK data.
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ent from [SK case]. In Figure 8, we compare our

L/E distribution with that by SK after normaliza-
tion. Original SK data is taken from Ashie et.al.[5].

It should be noticed from the figure that the shape

of the distribution in our results is quite different
from that by SK. In our opinion, the reasons why

both results disagree is as follows. One reason is

that SK do not measure L correctly, becauséhef
XK assumption on the direction and the second is

L/E Distribution for Single Ring Muon Events(QEL)

1489.2 days no oscillation

1.0E+03

Fully Containgd Events

1.0E+02 |

that SK include the Partially Contained Events. By
its definition, SK could not measure the energy E.

No. of Events

Also, it should be noticed that our dip exactly ap-

pear in the predicted region(LASO0km/GeV). It

verifies our computer numerical experiment is per-

formed in a correct way.

Conclusion

It is desirable that the zenith angle distribution
single ring muon event dsully Contained Events

Figure 6: L/E distribution for single ring muol
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1.0E-01
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events without neutrino oscillation.

of

and L/E distribution by these same events in SK

are carefully re-examined.
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