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Double $ decay (denoted pp decayl l  can occur i n  ca lcu la t ions5  bear  out t h i s  assumption but a l s o  g r e a t l y  

two modes: overes t imate  the  s t r e n g t h  of the  t r a n s i t i o n ,  weakening 

t h e  conclusion about the  r a t i o .  
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In  an attempt t o  provide c o n s t r a i n t s  on the  

(Ov) c a l c u l a t i o n s  we have used the  neutron time-of-flight 

system a t  the  Indiana Univers i ty  Cyclotron F a c i l i t y  t o  

The f i r s t  of these  modes can be thought of a s  a second ob ta in  (p,n) spec t ra  a t  0°, 4' and 8" f o r  7 6 ~ e ,  8 2 ~ e  

o rde r  process,  a sequence of two normal $ decays and 128 9 3 0 ~ e .  The f l i g h t  path was 85 m and o v e r a l l  

pass ing through ( v i r t u a l )  in termediate  s t a t e s  of the  time reso lu t ion  was 750 psec, corresponding t o  an 

nucleus (Z+l,A). The second is of g rea t  fundamental energy reso lu t ion  of 360 keV. The L=O s t r e n g t h  a t  O0 

i n t e r e s t  s ince  i t  does not conserve lepton number. (low q)  is c lose ly  proport ional  t o  the  Gamow-Teller 

Recently the re  has been a renewed i n t e r e s t  i n  (GT) s t r eng th  t o  the  ( v i r t u a l )  in termediate  s t a t e s  of 

these  decays because limits on the  (Ov) branch f o r  the  $p process. St rength is observed t o  the  g ian t  GT 

8 2 ~ e  and 7 6 ~ e  decay have been used t o  place  limits on resonance region and t o  narrow low-lying s t r u c t u r e s  

t h e  masses of Majorana neutr inos2 and because the  f i r s t  populated wi th  t h e  s t r e n g t h  of the  g ian t  

d i r e c t  e l e c t r o n  counting experiment3 has been performed resonance. The spectrum f o r  8 2 ~ e  is shown i n  Fig. 1. 

f o r  82~e+82~+2e-+2v, y ie ld ing  a l i f e t i m e  of 1.020.4 x The r e s u l t s  f o r  1 2 8 , 1 3 0 ~ e  a r e  s imples t  t o  

1019 years. This is  about a f a c t o r  of t h i r t y  s h o r t e r  i n t e r p r e t ,  s ince  the  pp decay ana lys i s  assumes only 

than the  l i fe- t ime obtained by geochemical methods. A t h a t  the  matr ix  elements a r e  the  same. Since the  

d e t a i l e d  model ca lcu la t ion  of the  ( 2 v )  l i f e t i m e  has Fermi-like (L=O,S=O) t r a n s i t i o n  t o  the  i s o b a r i c  analog 

been performed by Haxton, Stephenson and Strottman s t a t e  (IAS) is  proport ional  t o  (N-Z) f o r  the  t a r g e t ,  an 

( H S S ) ~  and is  i n  good agreement wi th  the  d i r e c t  e s t ima te  of the  d i f f e rence  i n  the  GT s t r eng ths ,  

counting r e s u l t  but not with the  geochemical r e s u l t s  independent of many systemat ic  e r r o r s ,  can be obtained 

f o r  8 2 ~ e  o r  76Ge. Other analyses  based on the  by normalizing t h e  s p e c t r a  so  t h e  U S  y i e l d  is 

experimental r a t i o  of the  l i f e t i m e s  f o r  1 2 8 ~ e  and proport ional  t o  N-Z. This has been done f o r  t h e  

3 0 ~ e  i n d i c a t e  t h a t  the  non-lepton conserving Ov spectrum shown i n  Fig. 2 where we p l o t  the  quan t i ty  

process  may have been observed. This argument involves 

only  the  assumption4 t h a t  the  p$ matr ix  elements f o r  

1 2 8 ~ e  and 130Te a r e  the  same. Theore t i ca l  s h e l l  model 



Here the  Y ' s  a r e  t h e  y i e l d s  f o r  the  noted nucleus,  
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Figure 1. Spectrum f o r  the  8 2 ~ e ( p , n ) 8 2 ~ r  r eac t ion  
measured O0 and Ep = 134 MeV. 
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normalized a s  dicussed above. To the  ex ten t  t h a t  only 

L=O GT s t r e n g t h  is observed a t  0°, a good approximation 

i n  the  neighborhood of the  g i a n t  Gamow-Teller 

resonance, the  p l o t t e d  r a t i o  is a l s o  the  f r a c t i o n a l  

d i f f e r e n c e  of the  allowed (L=O) GT s t r e n g t h  f o r  1 2 8 ~ e  

and 130Te. We see  t h a t  t h i s  d i f f e rence  is l e s s  than 

15% i n  the  neighborhood of t h e  g ian t  GT resonance. 

(Since summed Gamow-Teller s t r e n g t h  is a l s o  

p ropor t iona l  t o  N-Z we might expect a r a t i o  of 13/12). 

At low e x c i t a t i o n  the  GT s t r eng ths  d i f f e r  markedly but 

a r a t h e r  small  por t ion of the  t o t a l  s t r e n g t h  is 

involved and moreover, t h i s  s t r e n g t h  is mostly L>O and 

does not con t r ibu te  t o  the  pp process. 
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Figure 2. Normalized f r a c t i o n a l  d i f f e rence  i n  y i e l d s  

f o r  1 2 8 ~ e  and 130Te a t  Ep = 134 MeV. The pos i t ions  of 
t h e  IAS and GT g i a n t  resonances a r e  indicated.  


