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Abstract 

The MSW effect is calculated for v e , v f' and ve , µ from the supernova SN1987A in 

the Large Magellanic Cloud. 
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Most of the gravitational energy in a SN explosion is expected to be dissipated 

as v v pairs with an energy of some tens of MeV [ 1-3 ] .  The observation of such 

( anti ) neutrinos from the supernova SN1987A [ 4 ]  has been reported [ 5-8 ] . We cievelop 

how the MSW effect [ 9 ]  can modify the expected ( anti ) neutrino fluxes from SN1987A. 

More details are given el sewhere [ 10 ] .  

We have used for the v and v energy spectra the approximate analytical <>xpres

sion given by Nadezhin et al. [ l ] .  The mean energy of the v i s  around 10 MeV ;  the v e f' 
are expected to have a mean energy about twice as high because , since their ew=rgy is 

below 106 MeV , they are not subject to charged current interactions and 

can , therefore , escape mere easily the neutron star [ 3 ] .  The difference in the 

energy spectrum cf the v e and v f' is essential in our discussion of the MSW effE1ct . 

In the core of a supernova , the transformation v --t v 2 and v --t v 1 takes place 

if Am2 is in the range 106 - 10-l ev2 [ 11 ] .  This regi�n is essentially ruled cut by 
2 

accelerator and reactor oscillation experiments . The i·ange of Am for which this 

transformation occurs in tl1e SN envelope , is more model dependent and can ex·oend up 

to io-6 ev
2

. For small :nixing angles the effect of the v e --t v 2 and v f' --t v 1 t.ransi

tion is to interchange the v f' and v 
e 

energy spectra. This effect can be obse1cved in 

a v e detector either through a change in the average energy detected or in th1= total 

rate if the cress section rises faster than linearly wiU1 v energy. 

The supernova SN1987A is in the Large Magellanic Cloud ( declination of -70° ) .  As 

all present neutrino or antineutrino detectors lie at a latitude of +40 ± !i0 , the 

minimum distance in the earth that the ( anti ) neutrinos have to traverse before 

reaching a detector is 1 . 1 earth radius . Then the possible MSW effect in th" earth 

has to be calculated. We have considered two extreme cases : i )  ( anti ) neutrinos 

leave the supernova without the MSW v 
e --t v 2 and v f' --t v 1 transformation , ii ) 

( anti ) neutrinos have been completely transformed in the supernova . 

The equations describing the neutrino propagation in the earth are solved 

according to a numerical program [ 12 ] .  We define the ratio between the number of 

events calculated taking into account the MSW effect in the earth and/or in the 

supernova and the number of events calculated not taking into account the MSW effect 

anywhere . Figure 1 shows this ratio for neutrinos as a function of -Am
2 

and for 

sin
2

2 0  =O . l  . The solid line corresponds to the case i )  the main effect of the 

earth is an increase in the v counting rate by up to a factor 2 ,  for Am
2 

in th1= range e 
-10

-4 
to -10-5 ev

2
. T·he dashed line corresponds to the case ii ) : a large fraction 

of the v f' have been transformed into v 
e 

inside the SN . Then the expected number of 

counts at the entrance of the earth is higher than in case i )  by a factor up to 3. The 
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earth effect regenerates v from v in the same ti.m2 range . Then , the expected counts µ e 
on the other side of the earth are lower than at the entrance by a factor 1 .  5 . 

If the transition in the supernova is not complete for a given value of .:).m2 , we 

obtain any intermediate solution between the full curve and the dashed curve . The 

result in figure 1 ( sin228;0 . 1 )  is not strongly different for any value between 0 . 01 

and 0 . 4  . The calculation has also be done when varying the distance traversed by 

neutrinos in the earth between 1 and 2 earth radius but no significant change has 

been observed. 

References 

[ 1 ]  D . K . Nadezhin and I . V . Otroshenko , Soviet Astr . 24 ( 1980 ) 47 . 
[ 2 )  H . A . 8ethe , A. Yahil and G . E . Brown , Astrophys .  J .  Lett . 262 ( 1982 ) 7 
[ 3 )  A . Burrows and T . J . Mazurek , Nature 301 ( 1983 ) 3 1 5 .  
[ 4 ]  W .  Kundel and B .  Madore , Astr . cir c .  4316 February 24 ( 1987 ) .  
[ 5 ]  Mont-Blanc experiment , M. Aglietta et al . , Preprint 

O . Saavedra , These proceedings 
[ 6 )  Kamioka Collaboration , K . Hirata et al . , Phy s .  Rev. Lett . 58 ( 1987 ) 1490 

T . Kaj ita , These proceedings 
[ 7 ) IMB Collaboration , R . M . Bionta et al . , Phy s .  Rev . Lett. 58 ( 1987 ) 1494 

J . Van der Velde , These proceedings 
[ 8 ]  Baksan experiment , A . Pomansky , These proceedings 
[ 9 ]  L . Wolfenstein , Phys . Rev. Dl7 ( 197 8 )  2369. 

S . P . Mikheyev and A . Yu Smirnov , Nuovo Cimento 9C ( 1986 ) 17 
[ 10 )  P . O . Lagage , M . Cribier , J . Rich , D . Vignaud , submitted to Phys . Lett . 
[ 11 ]  S . P . Mikheyev and A . Yu .  Smirnov , in ' 86 M�fisive Neutrinos in Astrophysics 

and in Particle Physics ( Tignes 1986 ) ,  6 Moriond workshop , p . 35 5 .  
[ 1 2 ]  J .  Bouchez e t  al . , z .  Phys . C 3 2  ( 1986 ) 499 

M . Cribier , W . Hampel , J . Rich and D . Vignaud , Pttys . Lett. Bl82 ( 1986 ) 89 . 

3: 3: Vl 
Figure l : Ratio between the Vl x: x: number of events calculated :E � _ _  .... -� / - - - ---- -
taking into account the MSW "i � I I 

sin2 2 8 = 0.1 I I effect and the number of " I . \ I events calculated not taking "' \ . \ I ,, " into account the MSW effect . .; ,, The solid ( dashed ) line is 
� .; for the case where the .. .. ,, � transformation v ---+ v2 and 
':; - v ---+ v1 did note ( did)  take 

� 0 p�ace in the supernova . The .. � .0 enhancemenz < �gppre��on� E "' => .0 E around -llm ; 10 - 10 ev c: => 
c: 

10-2 is due to the resonant 
10-1 10-6 10-• 

oscillations in the earth. 
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