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If v, < v, oscillations are operative in the low energy atmospheric v flux, the
v, flux will be reduced by a factor of (1 — P,,u,), while the v, flux is unaffected.

%

Hence, R becomes

Ru,_,uf — ]- - P.VFUr

1 2
— —sin? 20,,, (1 — C€OS 7rL) (3.32)
2 A1z

where 6., i1s the v, v, vacnum mixing angle and Ay = %f—f}?—l. The neutrino path
12
leagth L can be described in terms of the zenith angle,’® ¢.,of the event observed

ia the detector:
. 1/2
L(¢.) = R. [((1 — k/R.)* — sin® qbz) — cos q3,,] (3.33)

where R, is the radius of the Earth and k is the atmospheric neutrino production
height, which is typically ~ 15 km above sea level ( see figure 3.1).
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Momentum spectra of e- and pu-like events.

Kamiokande(6.18kt-yr)
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2.2 Comparison with other experiments /A W oma ;’

Five underground experiments have reported the atmospheric neutrine observations up to
now. Two are the water Cerenkov type experiments of IMB [30] and Kamiokande. The
other three are the tracking detectors of NUSEX [31], Frejus {32} and SUDAN-II [33]. Al
experiments furnish the ability to identify the particle type of elike or g-like. Thus, it is
possible to compare the R(u/e) ratios observed in all these experiments. Table 4 lists up the
observed and expected event numbers, and R{u/e).

Table 4: Summary of the low energy (E, < 1.5GeV/c) atmospheric neutrino data from 5
expenments

Experiment Data MC (i1/e)data
e b e p (u/e)MC

NUSEX 18 32 205 368 0.99*3R+small
Frems

ail combmined! 57 - 108 0.6 1258 1.06%313+0.15

fully contmined 56 66 66.8 90.80 087'513+0.12
SUDAN-TE* 1389 1095 92 132  0.55+0.29+6.10
BVIB-3 325 182 257.3 268.0 0.54+0.05+0.12
Kamiokande 159 151 1649 2606 0.60%06+0.05

p <500 MeV/c 141 109 1384 1971 0.54 £ 0.07
p > 500 MeV/c 57 82 666 1275 0.757333

—0.12

T fully contained events + partially contained events.
* the event number multiplied by the detection efficiency.

ViB-3 has necently supported smaller R(u/e) ratio than the MC prediction observed in
Kamiiokande. On the other hand, two tracking experiments of NUSEX and Frejus show
Ri{zz/e) ~ 1, which means that there is no atmospheric neatrino anomaly as far as these data
are concermed. Hiowever, statistical significance is mot high in the NUSEX data. As for the
Frejus data, most of the momentum of observed events are higher than 500 MeV /¢, because
the event trigger efficiency reaches 50% at 400 MeV /c. Here, one should remember that the
afomosphéﬁc neutrine amomaly is significant in the low momentum region (< 500 MeV/c) as
shown in Fig. 13 and Table 4. Therefore the Frejus result of R{u/e) = 0.87*918+ 0.12 for
fully contained events is not inconsistent with the Kamiokande result of R(u/e) = 0.753313
for fully containgd events with p > 500 MeV /c.

Before 1993 it was sometin.es murmured that the atmospheric neutrino anomaly was a
unique phenomenon in a water Cerenkov detector. However, in 1993 SUDAN-II has presented

its first result on atmospheric neutrinos. The result as shown in Table 4 i1s consistent with
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Experiment kton yr R £ stat. t sys.
KAMIOKA 6.1 - 0.60 £ 0.06 + 0.05
IMB 7.7 0.54 £ 0.05+0.11
FREJUS 1.56 0.87 £0.16 + 0.08
NUSEX 0.40 0.96 + 0.28 + 0.00
SOUDAN 1.52 0.72+0.19 £ 0.07

Table 1: The atamosphenic neutrino ratic B = (pfe)para/(p/e)uc for con-

tained events, from the vasious underground expesimests. A common +5%
contribution to the systematic error, coming from the uacertainty in the pre-
dicted flux ratio, has been subtracted from the quoted systematic error where
appropriate. A weighted mean of the above results, adding the statistical and
systematic errors in quedrature, yields R = 0.64 £ 0.06, where the common
+5% flux-ratio error is mow included.

hep-ph/9702243 4 Feb 1997
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[n a scenzrio in which absolute fluxes of low energy stmospheric neutrinos are at o below expectations of published calcuia-
tions, the observed smail v,/v, ratio is amenable to non-oscillation interpretation. The rate of single-ring, ¢-like events of 200 to
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. tions.

Neutrino Flux Number of
upgoing muons
‘Bartol’ (1993) 124 £+ 15%
Butkevich et al. (1989) 127
Mitsui et al. (1986) 113
Volkova (1980) 112

Lohmann et al. [13] using standard rock. The total systematic unc
the expected flux of muons at the detector is +15%.

Zenith Distribution For MACRO Upgoing Muons
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Effeets of Neutrine Osc on Contained Fvents
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