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Due to the expected large difference of energy of v, by, vr, Py compared to v., De
from a supernova Il we show that it will be straight forward to test the recent proposal
by Harrison, et al., that the 3 neutrino mass matrix gives maximal mixing for almost
any possible vacuum oscillation mass differences that has been detected in the solar

system to date. We show how new detection of supernova neutrinos can completely test
' this hypothesis provided a full set of detector’s exist. We also remark that the 1987A
neutrino data do not favor this hypothesis.

|

1. Comments

In the very interesting paper in Reference 1, the authors suggest that most current
neutrino experiments that see a deviation from the expectations of the neutrino
flux can be described in a 3 neutrino model with maximal mixing!. This idea
has partially been discussed before where the simplest model predicted that the 3
neutrino flux should be reduced to 2/3 for say v, — v, or 1/3 for v, — v,2. The
major success then was that the Homestake experiment measures something like
0.28 + 0.3 near 1/3%3* The authors accept this but show that there are many
other experiments now that are consistent with their hypothesis®.

In this note we point out another possible way to test the hvpothesis of Reference
1, using neutrino (anti-neutrino) bursts from Type Il supernova®®. The basic idea
is that full 3 neutrino mixing would dramatically change the energy spectrum of the
7. and v, and the Jep — etn (ven — ¢ p) rates of high energy events. The data
from SN1987A are in disagreement with the hypothesis of full 3 neutrino mixing.

In the model of Reference 1 there are two neutrino masses M; ~ M—<~ 3meV and

Mz ~ 85+ 10 x 1073V (~ 0.1eV). We assume for simplicity that v, = v., vy =

Vy, v3 = vy. In this model the atmospheric neutrino deficit (1) and the solar
neutrino puzzle (2) result from

Vy = Vg (1)
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and
Vv, — s (2)

Since the process ve — v, may not occur due to the small Af;, Ms mass and

mass difference!; this leads to the “prediction” that the survival probability for
atmospheric v, is!

P(v, —v,)=5/9 (3)
and for solar neutrinos v, !

Py, —v.)=5/9 (4)

While the former is in good agreement with the Kamiokande and IMB results”® for
atmospheric v, the latter agrees with 3 of the 4 solar neutrino®!®1! experiments
(being in sharp disagreement with the Homestake results mentioned above)'?. The
case of supernova neutrinos is completely different. In the first place, the likely
closest supernova to earth will be at a distance of 10kpc, giving a L/E ratio of
~ 5 x 10'"M/MeV and thus vacuum mass diflerence of A*M ~ 1071%V? (we
ignore the MSW effect in this paper). Thus, in the maximal mixing model, we may
assuime that the asymptotic condition for L/E has been reached and therefore

Py — v;) — 1/3, (5)

Pvi —v)—1/3 (6)

If the asymptotic conditions do not hold (i.e. A} = AMs, A?M; 2 = 0) then we ob-
tain the more restricted results in Reference |

Pvye—wv.)=2/9 (7)

P(Vu,e — Vye) = 5/9 (8)

We now apply this to the supernova neutrino burst. The important expected
features for our arguments are

(1)Fu,~ Pe ™ u,,"““FP ~Fp,~F1‘1,

(2) (E..) < (Es,) < {E,, 5.). Where F, is the neutrino flux, (E,) the average

neutrino energy®® (E;.  V/(E;) ~2, and 2 = p,v/

.y Y .
(3) Ooop—et ny X (£5,)° for most of the energy range covered by the supernova
neutrinos for o, + p — ¢t + n.

It is easy to see that the effect of maximal 3 neutrino mixing is to give the flux
for high energy v, as

FIE = P(y, — ) F;, (9)
P(DT - i';e) Fﬁf (10)
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In the asymplotic case (AMf‘:. > (L/E)_l) we find

FHE = 2/3F,, | (11)
If we assume that
(Eo, ) ~ AL,) (12)
we find
REE = 2/3x [(el]” pEP (13)
RIE ~ 8/3 RLE (14)

This situation is in clear disagreement with the Kamiokande and Baksan data
observed in SNI198TA neutrino events (see Figure 1) that are fully consistent with
coming from the normal v, flux (i.e. have the low energy spectrum)'®. We use
the Kamioka amd Baksan experiments which had a higher efficiency for low energy
neutrinos than the IMB'?,

In the case A*Af; » = 0 we would have

,7’:" = 2/91‘“},’;5 (from v, — b, oscillations) (15)

and
RIF = 2/9 < [2]° REE (16)
= 8/9 REE (17)

Even this is in mild disagreement with the 1987TA data (see Figure 1).

Future SN neutrino observation, including the neutral current channels®'® v, +
N — v+ N’ combined with observation of #,+p — et +n in Super Kamiokande can
fully test this hypothesis. In this case we will be able to relax the theoretical input
of the neutrino (anti-neutrino) energy and flux spectrum and test the hypothesis
directly using the data from these experiments®®5.

In summary, we have shown that the model of Harrison, Perkins and Scott!
with one “massive” neutrino (with mass ~ 0.1eV) and full mixing is in sharp dis-
agreement with SN1987A data if A2M; 2 > 107 1%V? and mild disagreement if
A2M; 5 < 1071% V2, We also have shown how future SN neutrino detection, pro-
vided there arc both large neutral current and o, detectors in operation at the burst
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time, can fully test this hypothesis
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Fig. 1. Plot of bep — et n events from Kam II and Baksan as compared to various models for full

3 neutrino mixing. (These data are used since the detectors have relatively high efficiency at low

energy.)
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