
ABSTRACT 

NEUTR I NO MASS DETERM I NATI ONS 
FROM THE SUPERNOVA SN 1 9 87A BURSTS 

Mat t s  Roos 
D e p artme nt o f  H i gh Ene rgy Phys i cs 

Univers i ty of He l s i nk i . S i l t avuore npenger 2 0  C 
SF-00 1 7 0  He l s i nk i . F i n l and 

761 

The t ime and e nergy c oord i n a t e s  of the neutr i no s i gna l s  reported at 
t h i s  c o nf erence by the Mont B l an c . B aks an . I MB .  and Kam i ok ande- I I  
d e t e c t ors . r e s p e c t ive l y .  are f i t t e d  t o  k i nemat i c s . The t ime 
d i f f erence betwe e n  the Mont B l anc obs e rvat i o ns and the other 
observat i o ns c annot be due t o  the mass d i f f erence betwee n  neut r i nos 
o f  d i f f e rent s p e c i e s . Under the mo st c onservat i ve hyp othe s i s  the 
e l e c tron n e ut r i n o  mass i s  f ound t o  be < 5 eV . If the f i rst s i x  
Kami okande events or i g i nate i n  one very short burs t . the e l e c tron 
neut r i no mass is 4 . 0  ± 0 . 7  eV . 
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The neut r i no bursts observed on February 23 i n  f our neut r i no 
d e t e c t ors•�• have b e e n  a t t r i buted to the sup ernova SN 1 9 87A i n  the 
Large Mage l l a n i c  C l oud . I n  th i s  short t a l k I wou l d  l ik e  to m.�ke a 
f ew comme n t s  on the mass of the e l e c tron neut r i no f rom the observed 
t ime and e nergy d i s t r i bu t i ons of the neut r i nos . 

Two neut r i nos of energy E , , E2 , emi t t e d  s imu l t ane ous l y , w i l l  be 
d e t e c t e d  wi t h  a t i me d i f f erence 

t = t, - t ,  = L / 2 c  ( m,2 /E,2 - m12 /E, 2 )  , ( 1 )  
where L i s  the d i s t an c e  f rom the Large Mage l l an i c  C l oud . 
S imu l t aneous l y  em i tt e d  neut r i nos of one k i nd shou l d  thus arr i ve i n  
order of d e s c e nd i ng e nergy . 

Cou l d  the 5 -hour t ime d i f f erence betwe e n  the Mont B l an c  
obs e rvat i ons a n d  the o t h e r s  be d u e  t o  the d i f f erent m a s s e s  of two 
sp e c i e s of neut r i no s ?  One f i nd s  r e ad i l y  t h at if E2 = Ei = 1 0  Me V ,  
then 

-,fm,2 - m,2 ' "  800 e V  ( 2 )  

Such a neutri no mass i s  comp l e t e l y  ru l e d out by cosmo l og i c a l  
argume nt s ,  a c c o rd i ng t o  wh i ch any neut r i no must b e  l i gh t e r  than 
2 4  e V . "' 

If emi s s i on t akes p l ac e  over a l ong t ime i nt e rva l ,  the chrono l ogy 
i n  the e nergy d i st r i but i on w i l l  be b l urred . U l t imate l y ,  f o r  very 
l ong emi ss i on t i me s , the e n e rgy d i s t r i but i on approaches comp l e t e  
randomness . I nvers e l y ,  neut r i nos o f  o n e  k i nd arr i v i ng wi t h i n  t 
w i th a comp l e t e l y  random e nergy d i s t r i but i o n ,  wi l l  not f i t  E g . ( 1 ) 
( ex c e p t  w i t h  the unphys i c a l  mass m = ro) . 

Thus we c a n  i nf e r that i f  the e n e rgy s p e ctrum of a neut r i no burst 
y i e lds m > 24 eV , we are obs erv i ng a t i me d i s t r i bu t i o n  at emi s s i on 
t ime l ong e n ough to b l ur the mass-d e p e ndent chrono l ogy . On the 
other hand , neutr i no bursts y i e l d i ng m < 24 eV c a n  be ana l yzed 
under both the hypotheses o f  s imu l t aneous emi s s i o n and s l ow 
emiss i o n . 

I n  t h e  c as e  of s imu l t aneous emi s s i on a neut r i no mass may be 
obt a i ne d ,  whereas i n  the s l ow emi s s i o n  c a s e  o n l y  an � l i mi t can 

be 
the 

be obt a i ned . I f  the e nergy d i s tr i bu t i on is obs e rved to 
comp l e t e l y  random , a l ower l i m i t  can be obt a i ned om 
s imu l t aneous c as e , whereas no mass i nf ormat i o n  i s  obt a i ned under 
the s l ow emi ss i o n c a s e . 

The f our l aborat or i e s •-41 have reported t ime s of arr i v a l ,  or what 
matters more for our purpose , t i me d i f f er e n c e s  w i t h  a p re c i s i o n  of 
0 . 0 1 - 0 . 0 0 1  s .  For e ac h  event the e l e c t r o n  e n e rgy and its error is 
known . One c a n  then proceed to make c o n s t r a i ned f i t s of Eq . ( 1 )  t o  
t h e  energ i e s  i n  e a c h  burs t . The resu l t s of t h i s  are as f o l l ows . 

The f i ve 
o c curr i ng 
resemb l e  
m = ro )  . 

Mont B l an c  events" i n  the e nergy range 5 . 2  - 9 . 8  MeV 
w i t h i n  7 . 0 0 8  s exh i b i t  comp l e t e  randomness . Thus they 

uncorre l at ed background events ( they are best f i t t e d  by 
Under the hypothe s i s  of s i mu l t aneous emi s s i on they y i e l d  
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m > 1 4  eV ( CL 0 .  9 0 ) . ( 3 )  

The Baks an burst" c o nt a i ned on l y  three events w i th i n  5 . 6 8 2  s i n  
the e n e rgy range 1 2  - 1 8  MeV . The b e s t  f i t  y i e l ds 40 eV , however 
w i t h  an error bar ext e nd i ng to + ro .  Thus it can on l y  be used to s e t  
a l ower l i m i t  under the hypothe s i s  of s imu l t ane ous emi s s i o n ,  

m > 2 0  e V  ( CL = 0 . 9 0 ) . ( 4 )  

The ! MB  burst" cont a i ne d  e i ght events i n  t h e  e nergy range 2 0  - 44 
MeV w i th i n  5 . 1 0 6  s .  They are we l l  f i t t e d  by 

m 33 +5 /-4 eV . ( 5 )  

C l e ar l y  they d o  not f i t  the hypothe s i s  o f  s imu l t aneous emi s s i o n . 
However , they can be used under the s l ow emi s s i o n hypothes i s  t o  
g i ve t h e  l im i t  

m < 39 eV ( 6 )  

The Kam i ok ande - l l events., o c cur i n  two or three burs t s : the f i r s t  
s i x  eve nts o c c urred i n  the e nergy r a n g e  6 . 3  - 2 0  M e V  w i t h i n  0 . 6 86 
s ,  f o l l owed by a q u i e t  gap of 0 . 85 5  s .  Events 7 - 9 in the e nergy 
range 1 9 . 8  - 35 . 4  MeV o c curred w i t h i n  0 . 36 9  s .  Very much l at e r  ( 8 . 2  
s )  a l o ng sequence of what l o oks l i k e  background events f o l l ows . 
The f i rst three events of t h i s  t h i rd burst were t abu l ated i n  
Ref . 4 .  S i n c e  the eve nts 1 0- 1 2  obv i ous l y  cou l d  not have b e e n  
emi t t e d  s imu l t ane ous l y  w i t h  events 1-6 or 7-9 , I s ha l l not i n l ude 
them i n  t h i s  ana l ys i s . 

L e t  me f i rst n o t e  that i t  i s  comp l e t e l y  r u l e d  out ( by a probab i l i ty 
of 1 0-• J that a l  1 n i ne events f o l  l ow a random d i st r i bu t i o n , l e t  
a l one a s i ng l e  chrono l og i c a l  d i s t r i but i o n  of decreas i ng e nergy . L e t  
m e  theref ore as sume that the t w o  bur s t s  o c c urred at d i f f erent 
t ime s ,  and that i n  any c a s e  the f i rst bur s t  was very short , e nough 
to be c o ns i dered emanat i ng f rom s imu l t aneous e m i s s i o n . 

F i t s of the two bursts ( events 1 -6 and e ve n t s  7-9 ) then y i e l d 

ffit-6 
and 

4 . 0  ± 0 . 7  eV 

8 . 5  ± 2 . 0  eV . 

( 7 )  

( 8 )  

From the c o nf l i c t  betwe e n  t h e s e  two mass va l ue s  one conc l udes 
events 7-9 probab l y  were due t o  s l ow emi s s i o n . Tak i ng 
conservat i ve v i ew of s l ow emi s s i on f or both burs t s , one obt a i ns 

m,_, < 5 

rTb-· < 1 1  

e V  ( CL 

eV ( CL 

0 .  9 0 ) ' 

0 .  9 0 )  . 

( 9 )  

( 1 0 )  

that 
the 

I conc l ude that the on l y  obs ervat i on cons i s t e n t  w i th a s imu l t ane ous 
emi s s i on is the f i rst Kam i ok ande - I l  burs t , wh i ch d e t ermi nes the 
e l e c tron neu t r i no mass t o  be 
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m 4 . 0  ± 0 . 7  eV . ( 7 )  

The mos t  conservat i ve hyp othe s i s  cons i s t s  i n  t ak i ng the emi s s i on to 
be s l ow . One then obt a i ns 

m < 5 . 0  eV ( 9 0  % C . L . )  ( 9 ) 

The Kami okande - I I events 7 - 1 2  
s imu l t aneous l y  w i th events 1·-6 , 
of < 1 0-• . 

cou l d  not have b e e n  �n i t ted 
this is ru l e d  out by a probab i l i ty 

The other l aborat o r i e s  h ave o n l y  observed s l ow em i s s i on , and the i r  
d a t a  c a n  there f ore not b e  used t o  s e t  any be t t e r  mass l i m i t s  than 
what has b e e n  known un t i l  now . 

I t  i s  a p l e asure to acknow l edge s t i mu l at i ng and use f u l  d i s cu:3 s i ons 
w i th M . Go l dhaber , L . Krauss , S . Pe t c ov , and D . Schramm . 
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