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ABSTRACT 

- - 
W e  have observed 5  even t s  of t h e  r e a c t i o n  v,, + e -+ v,, + e  

i n  a sample of  ~ 5 0 , 0 0 0  charged c u r r e n t  n e u t r i n o  i n t e r a c t i o n s  i n  a 
heavy neon-hydrogen mix tu re  i n  t h e  1 5  f o o t  bubble chamber a t  Fermi- 
l a b .  Th i s  r e s u l t  i s  i n  rough agreement w i t h  t h e  p r e d i c t i o n  of t h e  
Weinberg-S lam model w i t h  t h e  c u r r e n t l y  favored  v a l u e  of t h e  mixing 9 a n g l e ,  s i n  @1/4 .  

- 
The r e a c t i o n  v + e  + v,, + e- can  proceed only  v i a  t h e  n e u t r a l  ,, 

c u r r e n t  weak i n t e r a c t i o n s .  I t  i s  a  p u r e l y  l e p t o n i c  p roces s  and i s ,  
t h e r e f o r e ,  f r e e  of any u n c e r t a i n t i e s  in t roduced  by hadrons i n  compar- 
i n g  exper imenta l  measurements w i t h  t h e o r e t i c a l  p r e d i c t i o n s .  Experi-  
men ta l ly ,  t h e  o b s e r v a t i o n  of t h i s  p roces s  i s  v e r y  d i f f i c u l t .  The 
c r o s s  s e c t i o n  expected from t h e  Weinberg-Salam model i s  of he  o r d e r  k of 1% x 10-42 Ev cm2! Th i s  means about  ~1 such  event  i n  1 0  charged 
c u r r e n t  v,, i n t e r a c t i o n s .  

Our s e a r c h  f o r  t h i s  pr-ocess was c a r r i e d  o u t  a t  t h e  Fermi Nation- 
a l  A c c e l e r a t o r  Labora tory  u s i n g  t h e  two horn  focused wideband neu- 
t r i n o  beam w i t h  an  average  of 1013 400 GeV p ro tons  per  p u l s e  h i t t i n g  
t h e  n e u t r i n o  t a r g e t .  The n e u t r i n o  spectrum extends  from a few GeV 
up t o  beyond 100 GeV, peaking n e a r  30 GeV. The n e u t r i n o  d e t e c t o r  
w a s  t h e  1 5  f o o t  bubble  chamber f i l l e d  w i t h  a  64 atomic pe rcen t  neon- 
hydrogen mix tu re  w i t h  a  r a d i a t i o n  l e n g t h  of 40 cm and a  had ron ic  
i n t e r a ' c t i o n  l e n g t h  of 125 cm'. I n  t h i s  d e t e c t o r ,  s i n g l e  f a s t  forward 



e l e c t r o n s ,  which a r e  t h e  s i g n a l  f o r  t h i s  r e a c t i o n ,  can be  i d e n t i -  
f i e d  w i t h  h igh  e f f i c i e n c y  by bremmstrahlung and s p i r a l i z a t i o n  a t  
t h e  end of t h e  t r a c k .  S i n g l e  e l e c t r o n s ,  p o s i t r o n s ,  and photons 
conve r t ing  t o  a n  e+e- p a i r  can  b e  d i s t i n g u i s h e d  from each  o t h e r  
i n  t h e  30 kgauss magnet ic  f i e l d  of t h e  chamber. 

W e  p r e s e n t  h e r e  p r e l i m i n a r y  r e s d t s  based on a  s c a n  of 87,000 
photographs ( s l i g h t l y  more than  one ha l f  of t h e  a v a i l a b l e  d a t a ) .  
I n  t h i s  sample t h e r e  a r e  approximate ly  50,000 charged c u r r e n t  vu 
i n t e r a c t i o n s .  We have found s o  f a r  5  s i n g l e  e- e v e n t s ,  w i t h  no 
o t h e r  t r a c k s  coming from t h e  v e r t e x ,  w i t h  t h e  fo l lowing  e n e r g i e s  
and a n g l e s  w i t h  r e s p e c t  t o  t h e  i n c i d e n t  v  beam d i r e c t i o n :  

Event E (GeV) 
1 4 t 2  
2  7 2 2  
3 9 5 1 ,  
4 28 5 9  
5 35  t 4 

8 (Degrees) 
0.6 t 0 .3  
0.5 t 0 .3  
0.5 2 0.3 
0.5 t 0.3 
0.2 t 0.2 

The e n e r g i e s  and a n g l e s  of t h e s e  5  s i n g l e  e l e c t r o n s  a g r e e  w i t h  
t h e  k inema t i c s  of t h e  p roces s  vu + e- + v,, + e-, a s  shown on F ig .  1. 

.- 

- W e  have considered t h e  fo l lowing  background p roces ses :  
a )  ve + u -t e' + p where t h e  p ro ton  i s  n o t  v i s i b l e .  From t h e  

measured number of t h e s e  e v e n t s  where t h e  p ro ton  is  v i s i b l e ,  w e  
e s t i m a t e  t h a t  t h i s  background is 1.0.5 even t s  o r  1.10% of t h e  s i g n a l .  

b )  Photons t h a t  Compton s c a t t e r  o r  conve r t  t o  asymmetric e+e' . 
p a i r s  such t h a t  t h e  e+ i s  t o o  s low t o  be  seen .  From t h e  observed 
number of y -t e+e- p a i r s  where bo th  t h e  e+ and t h e  e- a r e  v i s i b l e ,  
w e  conclude t h a t  t h e  background from t h i s  sou rce  is  n e g l i b i b l e .  

c )  The p roces s  ve + e- -t ve + e' i s  expe r imen ta l ly  i n d i s t i n -  
q u i s h a b l e  from v,, + e' -t v, + e', s o  t h a t  s t r i c t l y  speaking  our  
s i g n a l  of 5  e v e n t s  i s  t h e  sum of t h e s e  p roces ses  ( a s  w e l l  a s  t h o s e  - 
i n i t i a t e d  by vu and G). However t h e  f l u x  of we  (and T,, and 5) 
i n  our  beam i s  a few p e r c e n t  o r  l e s s ,  and t h u s ,  t h e  c o n t r i b u t i o n  
due t o  n e u t r i n o s  o t h e r  t han  v is  most l i k e l y  n e g l i b i b l e .  

lJ 

We t h u s  i n t e r p r e t  t h e  5  s i n g l e  e l e c t r o n  even t s  a s  vp + e- -+ 

vp + e', w i t h  a t o t a l  background of %0 .5  e v e n t s .  A s i g n a l  of 5  e v e n t s  
i n  a sample of 50,000 charged c u r r e n t  vg i n t e r a c t i o n s  i s  roughly  con- 
s i s t e n t  w i t h  t h e  pr ' ed ic t ion  of t h e  Weinberg-Salam model w i t h  t h e  cur-  
r e n t l y  favored v a l u e  of t h e  mixing a n g l e  of s i n 2 8 %  1 / 4 .  However, we 
have n o t  y e t  completed a  good measurement of t h e  scanning e f f i c i e n c y  
f o r  t h e s e  e v e n t s  s o  t h a t  we can  n o t  g i v e  a  c r o s s  s e c t i o n  f o r  t h i s  
p roces s  a t  t h e  p r e s e n t  t ime.  



I n  t h e  r e c e n t  Gargamelle experiment  a t  t h e  CERN SPS, 10 s i n g l e  
e l e c t r o n s  were found i n  a  sample of 24,000 charged c u r r e n t  vu i n t e r -  
a c t i o n s ,  w i t h  a  c r o s s  s e c t i o n  f o r  t h i s  p roces s  t h a t  i s  cons ide rab ly  
h i g h e r  t han  t h e  p r e d i c t i o n  of t h e  bleinberg-Salam model w i t h  s i n 2 8  = 
0.25. A t  t h e  p r e s e n t  t ime we do n o t  wish t o  imply a  disagreement  
between ou r  r e s u l t  and Gargamelle.  We should be  a b l e  t o  nake  a  
d e f i n i t e  s t a t emen t  i n  t h e  near  f u t u r e  when we have scanned t h e  r e -  
mainder of our  f i l m  (con ta in ing  a  t o t a l  of about  100,000 charged 
c u r r e n t  v,, i n t e r a c t i o n s )  and have done enough double  scanning t o  
de te rmine  our  scanning  e f f i c i e n c y .  

Research for this work w a s  suppor t e3  L y  t h e  U.S. Department 
of Energy and t h e  Na t iona l  Sc ience  Foundat ion.  
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