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, 
Due to the expected lal'ge difference of energy of II"" ii"" IIr. lir compared to lie. lie 

from a supel'llova II we show that it. will be straight fOJ'ward 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, \Ve 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 1987 A 
neut.rino data do not. favor t.his hypothesi,.,. 

1. COllllllellts 

In the very int.eresting pa.per ill Reference 1. t.he aut.hors- suggest that most current 
neutrino experiment.s t.hat. see a deviation from t,he expectat.ions of the neutrino 
flux can be described in a :3 neut.rino model with maximal mixingl. This idea 
has partially been discussed before where the simplest model predicted that the 3 
neutrino flux should be l'educed to 2/3 for say lie -+ IIr or 1/3 for lie - lie 2 • The 
major success then was that the Homestake experiment measures something like 
0.28 ± 0.3 near 1/32 •3,4, The authors accept this but show that there are many 
other experiments now that are consist.ent \'\'ith t.heir hypothesis l . 

In t.his not.e we point. out a.llot-hel· possible way to t.est. the hypot.hesis of Reference 
1. using neutrino (anti-nellt.rino) burst.s from Type II 811 pernova5 ,6. The basic idea 
is that full 3 neut.rino mixillg would dnullal.ically change t.he energy spect.rum of the 
ve and lie and the veP - e+n (J/en - c-p) rates of high energy events. The data 
from SN1987 A are in disa.greement wit.h the hypothesis of full 3 neutrino mixing. 

In the model of Reference 1 thel'e are two neutrino mas.c;es Nfl - ,A,f-3meV and 
< 

M3 - 85 ± 10 x 10-3eV (- O.leV). \Ve assume for simplicity that III = lie, 112 = 
IIJJ , 113 = liT' In this model the atmosphel'ic neutrino deficit (I) and the solar 
neutrino puzzle (2) result. from 

(1) 
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(2) 

Since the process 1-'1' .::. 1-'/1 may not. occur dlJ(~ t.o the sma.!! All! 1\12 mass and 

mass difference!; t.his leads to t.he "predirt.ioll'· t.hat. t.he survival pl'Obability for 

atmospheric I-'J/ is l 

P (VJI - vlJ) = 5/9 	 (3) 

and 	for solar neutL,inos VI' I 

(4) 

\Vhile the fOrtller is in good agrf'ernellt. wit.h t.he Kamiokandc and 1MB result.s7,B for 

atmospheric /-'JI' t.he lat.t.er agrees wit.h ~~ of t.llI' 4 solar ncut.rillofl,l D,ll experiments 

(being in sharp disAgr('cllwlll with t.he Ilornesl.akc result.s ment.ioned above)l'.!, The 

case of SlIpel'llova nellt.l'inos is complet.e1y different.. In t.he first place, the likely 

closest supernova t.o earth ,..·ill be at. a dist.ance of 10kpc, giving a L/ E ratio of 

......, 5 x JO I9 l\'l/l\leV and t.hus vacuum mass difference of ~2l\l "" 10-1geV 2 (we 

ignore the l\'1SvV effect. ill this paper), Thus. in the maximal mixing model, we may 

assume that t.he asymptotic condition for L/E has been reached and therefore 

P (Vi -r Vj) 1/3. (5) 

P(/-'i - vd ---,. 1/3 (6) 

If the asympt.ot.ic conditions do not. hold (i.e, Afl == A12 , ~21\.f1.2 == 0) t.hen we ob

tain the more restrict.ed result.s in Reference 1 

P (vJI,e - v.,.) = 2/9 (7) 

P (vJI,e ---,. VIJ,t) =5/9 (8) 

Vle now apply this to t.he supernova neutrino burst. The import.ant expected 

features for our argument.s are 

(2) 	 (E'l,,) < (£vJ < (Ellx,vx)' \\There F'I is t.he neut.rino flux, (Ell) t.he average 

neutrino energ)·5.6. (F.:iicr.I')/( )......, 2, and .1' = jl,v/ 

(:3) 0'(i/el'-f+ Tl) ex: ( )2 ror 111081. of the energy range covered by the supernova 

neutrinos for Vi + P f+ + n. 

It is easy to see that. the effect of maximal 3 neutrino mixing is to give the flux 

for high energy VI' as 

P (VIJ -r i/e) Fiil' (9) 

P(V.,. ve)Fii r (10) 
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In the asympt.ot.ic case (IlA1?:,! > (L/ E) -1) we find 

(11 ) 

If we aSSUIlIt' that 

(12) 

we find 

HI! E = 2/3 x [(Ev r .V/I)] 2 Hl:E (13)v., (Ev.,) v" 

R{!E :: 8/3 RtE 	 (14) 

This sit.nat.ion is in dear disagreement. with t.he Kamiokande and Baksan data 

obsel'ved in SN 19~7A neut.rino evcnts (scC' Figure 1) that are fulJy consistent with 
coming from t.1l(' lIormal 1/( rI nx (i .p. have (.he low energy spectrum )13, \Ve use 

the Kamioka allld Baksan exp('riIJI(~III.S which had a higher efficiency for low enel'gy 
neutrinos t.han the 1~'lJ31.1. 

In 	the case /l:!A1 1,2 == 0 we would have 

(15) 

and 

R~:E = 2/9 x [2f Ht.E (16) 

Q/t) RfE (17)II L 'lIt 

Evell this is ill ITliid disagn'l'nwlIl. ",iUt 1.11t' I ~)KTA dat.a (st'e Figure 1). 

Future SN nellt.I'ino observat.ion. including t.he neut.ral current. channeIs5 ,15 Vx + 
N Vr+1V' combined with observation of lie+p ---'" e+ +n in Super Kamiokande can 

fully t.est. this hypot.hesis. In this case we will be able to relax t.he theoretical input 

of the neutrino (anti-neutrino) energy and flux spectrum and test the hypothesis 
directly using the data from these experiments5 ,6,15. 

In summary, we have shown that the model of Harrison, Perkins and ScottI 

with one "massive" neutrino (with mass""'" O.leV) and full mixing is in sharp dis
agreement wit.h SN1987A dat.a if 1l 2 lt'h,2 > lO-1geV 2 and mild disagreement if 

~2 A11 ,2 < 10- 1geV 2 . \Ve also have shown how fut.ure SN neutdno detection, pro

vided there al'e hoth large nellt.ral cIIl'l'elil. alld vt det.ect.ors in operation at the burst 
time. can fully test. this hypol.llf'siscu;.l!). 
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Fig. 1. Plot of veP -- e+ n en~nt.s fl'om Kam II and Baksan as compared to varjous models for full 
3 neutrino mixing. (These <lal.a are llsed since the det.ectors have relatively high efficiency at low 
energy,) 
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