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for 90, 95 and 99 % C. L., respectively.

10°

10’

- FIG. 1. Allowed region for ¢, and ¢, for SuperKamiokande
(a) sub-GeV (b) multi-GeV and (c) combined events in the
massless-neutrino scenario. The best fit points for each case
is indicated by the crosses.

In the parameter region we have considered, i.e., ¢ and
¢ in the interval [0.01, 1.0], we found that x2,;, = 6.3
and 6.4 for the sub-GeV and multi-GeV samples (8 d. o. f.
corresponding to 10 data points minus two free param-
eters). These minima are obtained for (¢,¢’) = (0.08,
0.01) and (0.68, 0.36), respectively, as indicated by the
crosses in Fig. 1. For the combined case, x2,;, = 14.7 (18
d.o.f) for (¢, €') = (0.99, 0.02). In the combined case the
local best fit point (x? = 16.9 for (e, ¢’) = (0.08, 0.07) )
in the “island” determined by the 90 % C. L. curve it is
also indicated by a filled circle. This point is interesting
because it still generates a good fit to the data, while the
value for the FC parameter ¢ is relatively small. We find
also that the x? is relatively flat along the ¢’ axis around
the best fit point.

In Fig. 2 we give the expected zenith angle distribution
of p-like sub-GeV events (a) and multi-GeV events (b)
evaluated with our Monte Carlo program for the best fit
points determined above. Qur results clearly indicate an
excellent fit for the p-like events showing that they are
highly depleted at cos® = —1 with respect to the SM
prediction in the absence of oscillation or FC neutrino-

matter interactions. Note that, except for the assump--

tion that the FC v -matter interaction involves d-quarks,
our result is quite general, since we have not explicitly
considered any particular model as the origin of the FC
neutrino-matter interaction. We also note that we only
present the results for u-like events because e-like events
are not affected by our v, —+ v, transition.

What can we say about the required strength of the
neutrino-matter interaction in order to obtain a good
fit of the observed data? From our results and Eq.(3)
we see that for masses m 5 200 GeV we need at least
grs - guy ~ 0.1 for the the mixing term ¢. Similarly our

C;nea/e-z ganu:. ej &!

best fit ¢ value implies |g;7|? = |gus|> ~ 0.1. While these
values are relatively large, they are both weak-strength
couplings. Moreover they are consistent with present ex-
perimental bounds, for example from universality of the
weak interaction which is manifestly violated by Eq.(1).

For the purpose of showing this explicitly we consider
for the moment the supersymmetric model with broken
R-parity as our theoretical context [20]. In this case the
FC v,-matter interactions are mediated by a scalar b-
type quark, b, the supersymmetric partner of the bottom
quark, so that we need only to check the couplings where
ad-quark and a p- or r-neutrino is involved,i.e g;g = Al3,,
where X}, are the coupling constants in the broken R-
parity superpotential A{;, L;Q;Df, and L, Q and D are
standard superfields. Constraints on the magnitude of

SK-SUB

SK-MUL

%0 05 00 05 10
cos©

%50 05 00 05 10
cosO

FIG. 2. Best-fit zenith angle distributions in the mass-
less-neutrino FC scenario (thin-solid, dotted lines) ver-
sus no-oscillation hypothesis (thick-solid Ene). The Su-
perKamiokande data are indicated by the crosses.

such FC interactions in broken R-parity models have
been given in [24]. The most stringent limit to the values
of the relevant FC qumtities comes from the experimen-
tal bound BR(7~ — p° 4+ p~) < 6.3 x 10~ [25] which
implies that |A3s;A%3;| < 1.2 x 1072 x (m(f)/100 GeV)?.
As a result we ﬁnd € < 1.8 x 10~3m?(f)/m?(b.) at 90 -
% C. L. Since the f squark is a mixing of both left and
right scalars, the above limit on the ratio of stop to sbot-
tom mass is actually milder. Precision tests of the stan-
dard electroweak model imply that, individually these
couplings are less constrained: A3, < 0.22 (m(f)/100
GeV) at 2-0 level while A3, < 0.48 (m(f)/100 GeV)
at 1-o level [24,26). This corresponds to a limit on
¢ < 0.35m?(f)/m?(b.) at 1-0. We therefore see that
the required strength of FC v,-matter interaction is con-
sistent with present data. One should note that broken
R-parity sypersymmetric models typically lead to neu-
trino masses which could be large. One may suppress
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FIG. 1. The Super-Kamiokande data/expectations as a
function of L/E, for electron events (upper) and muon events
(lower). Our model normalized to the electron flux total is
shown by the lines, indicating an acceptable fit for decaying
muon neutrinos.
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FIG. 1. Fit to the Super-Kamiokande data (45 kTy, 30 data points) in the plane of the neutrino
decay parameters cosé = (vu|va) and @ = mqe/Ta. The solid and dotted lines are defined by
x? — X% = 4.61 and 9.21, corresponding to 90% and 99% C.L. for two variables. The analysis
favors a ~ 1 GeV/Dg and large cos§. However,- even at the best fit point there is poor agreement
between data and theory (Xs/NDF = 86.2../28 = 3.1), indicating that v decay is not a viable

explanation of the Super-Kamiokande observations.
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and SGu), multi-GeV e-like and p-like events (MGe and MGp), and upward-going muons (UPp).
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