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Weinberg's theory of purely leptonic weak interactions can be tested in neutrino-electron scattering 
experiments. Cross-sections must be measured as a function of the energy of the recoil electron. If 
Weinberg's theory is correct, then the masses of the intermediate vector bosons can be derived from the 
measured effective coupling constants. 

In an elegant way pure ly  leptonic weak i n t e r -  
act ions can be cast  in the form of a Yang-Mil ls  
theory,  in which a local  SU(2) x U(1) symmet ry  is  
broken spontaneously.  Weinberg cons t ruc ted  such 
a model [1] and showed it to be cons is ten t  with 
al l  known data on leptons.  Recently,  fu r the rmore ,  
the author has shown that this model is  t e n o r -  
real izable [2], which makes it an a t t rac t ive  a l t e r -  
nat ive to many more  complicated weak in te rac t ion  
theor ies .  A p rob lem a r i s e s  if one t r i e s  to include 
hadrons:  it is  difficult to unders tand  why the 
neut ra l  i n t e rmed ia te  W-boson is  not seen. P o s s i -  
bly the hadronic neut ra l  cu r r en t  vanishes  due to 
some mechanism.  

Assuming  Weinbe rg ' s  model to be co r r ec t  for 
leptons,  we get very p r ec i s e  p red ic t ions  for 
neu t r i no -e l ec t ron  elast ic  scat ter ing.  There  is  
one a r b i t r a r y  p a r a m e t e r ,  the weak coupling 
constant  g. It is  r e la ted  to the mass  of the i n t e r -  
mediate  vector  bosons,  M+ and Mo, according to 

g2 : 44-2 GM 2; M 2 = M 2 (1 - e 2 / g 2 )  -1 
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where e2/41r = 1/137, and G = 1.02 × 10 -5 ml~2. 
If the neutr ino energy is  smal l  compared  to 

the in te rmedia te  boson mass ,  the effective 
Lagrangian pe r t inen t  to (e, v) sca t te r ing  is  

"~ =~2  ffY~ t(l +75)v e~'/_t (gv  +gA~'5 )e (2) 

It is obtained from the graphs depicted in fig. 1 
(to the first of these we applied a Fierz- trans-  
formation). The contribution proportional to 
e 2 / g  2 a r i s e s  f rom an analogue of the vector  
dominance pr inc ip le  in strong in te rac t ions .  

In Weinberg ' s  model we have 

for (re, e) and (Ue, e) scat ter ing:  g v  = ½ + 2 e 2 / g 2 ,  

gA = ½", (3) 

for (vu, e) and ( ~ ,  e) scat ter ing:  g v  = -½ + 2e2/g2,  

gA = -½ • 

(In a theory with only charged in te rmedia te  
bosons  these number s  are  1,1,  0 ,0 respect ively) .  
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The number e2/g 2 must fulfill the inequality 

0 < e2/g2< 1 (4) 

(If e2/g 2 ~< 1/137 then the perturbation expansion 
breaks down and the calculations are invalid, but 
there arises no inconsistency with what is known 
about muon decay etc.). 

The quantities gV and gA can be measured if 
one knows the energy distribution of the neutrino 
beam, and measures the energy 'E e of the recoil 
electron. Let the neutrino energy be E v. The 
cross-section for neutrino-electron scattering is 

da G2rne 
× (5) 

d e e -  27rE~ 

[E2(g V +gA)2 + (E v _ Ee)2(g v _gA)2 + meEe(g  A _g2)]  

The  c r o s s - s e c t i o n  for  an t i neu t r i no -e l ec t ron  s c a t -  
t e r ing  can be found f rom eq. (5) by r ep l ac ing  
gA by -gA" F u r t h e r m o r e  we have 

0 < E e < Ev/(1 + m e / 2 E  v) (6) 
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and 0 l i e s  in the range  

0 H m~Ef ~ (8) 

We conclude that the p r o p o s e d  expe r imen t  
could d i sp rove  or  lend suppor t  to the theory .  Be-  
s ides ,  if W e i n b e r g ' s  t heo ry  i s  c o r r e c t ,  then the 
i n t e r m e d i a t e  boson m a s s  can  be found f rom the 
number  e2 /g  2, following eq. (1). 
The theory  p r e d i c t s  (cf eqs.  (1) and (4)) 

M~= > 37 GeV, M o >/ 74 GeV. (9) 

I f g  V in (u~e) s c a t t e r i ng  can be d e t e r m i n e d  with 
at l e a s t  20% accu racy  then the m a s s e s  in (9) can 
be de r ived  if they a r e  lower  than ~ 150 GeV. 

The author  wishes  to thank prof .  M. Ve l tman  
for  s t imula t ing  d i s c u s s i o n s  and prof .  S. Weinberg  
who brought  this  model  to his  notice.  

If one can m e a s u r e  the angle 0 between the r eco i l  
e l ec t ron  and the neut r ino  b e a m s  accu ra t e ly ,  one 
f inds E v d i r ec t ly :  we have app rox ima te ly  
( E e ,  u >> me): 

2Eem e 
, (7) 

Ev  2m e - 02Ee 
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Anomalies due to parity non-conservation give rise 
to complications in the renormalization procedure, 
but do not make renormalization impossible. 

196 


