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We have made a prel iminary measurement of the  pion c ross  sec t ion  (-20 n b l s r )  was observed f o r  the  

spectrum from the  1 2 ~ ( 3 ~ e , x + )  15N* reac t ion  a t  268 MeV 

bombarding energy and a t  a l abora to ry  angle of 35' t o  

sea rch  f o r  the  extremely r a r e  "pionic fus ion"  process,  

i n  which the  f i n a l  nucleus is formed i n  a low-lying 

bound s t a t e  and most of the  k i n e t i c  energy of r e l a t i v e  

motion i n  t h e  entrance channel is converted i n t o  a 

s i n g l e  f a s t  pion. 

Two t h e o r e t i c a l  models have been proposed recen t ly  

t o  descr ibe  such a process. Klingenbeck, D i l l i g  and 

Huberl (KDH) have developed a microscopic model i n  

which the  two-nucleon process NN + NNx i s  embedded i n  a 

many-body mechanism t h a t  leads  n a t u r a l l y  t o  a coupling 

of the  i n i t i a l  r e l a t i v e  motion t o  the  f i n a l  pion f i e l d .  

I n  t h i s  model, a meson exchanged between a nucleon i n  

t h e  p r o j e c t i l e  and a nucleon i n  the  t a r g e t  nucleus 

e x c i t e s  one of the  nucleons i n t o  a A-resonance, thereby 

avoiding thermal izat ion and s t o r i n g  the  k i n e t i c  energy 

of the  entrance channel i n  an i n t e r n a l  o r  quark 

e x c i t a t i o n  of a bound nucleon. This conf igurat ion 

propagates coherent ly  through the  nucleus and then 

decays i n t o  the  f i n a l  nuclear  s t a t e  by emi t t ing  a pion. 

Germond and wilkin2 have developed a model f o r  the  

inve r se  r eac t ion  (pion induced f i s s i o n )  i n  which the  

pion is absorbed on a 4 ~ e  cons t i tuen t  of the  t a r g e t  

nucleus. They do not attempt t o  c a l c u l a t e  t h i s  process 

microscopical ly ,  but e s t a b l i s h  a r e l a t i o n s h i p  between, 

f o r  example, the  6 ~ i ( x + ,  3 ~ e ) 3 H e  reac t ion  and the  

4 ~ e ( l r + , p ) 3 ~ e  subprocess. Their  ca lcu la t ions  a r e  i n  

p a r t i a l  agreement with the  da ta  f o r  the  inve r se  

react ion.  

I n  the  f i r s t  ~ ( ~ H e , l r + ) ~ + 3  experiments done i n  the  

near  threshold region a t  Orsay, a s u r p r i s i n g l y  l a r g e  

exclusive  3 ~ e ( 3 ~ e ,  x + ) 6 ~ i  and 4 ~ e ( 3 ~ e ,  I C + ) ~ L ~  reac t ions  

a t  ~ ( 3 H e )  = 283 MeV (94 MeVInucleon). This is q u i t e  a 

l a r g e  cross  sec t ion  a t  such a low energy (-30 MeV 

above threshold)  and t r ans fe r red  momentum (-3 fm'l). 

The cross  sec t ion  f o r  the  6 ~ i ( 3 ~ e , l r + ) 9 ~ e  reac t ion  a t  

270 MeV bombarding energy was found t o  be about 100 

p b l s r ,  which is more than two orders  of magnitude 

smal ler  than t h a t  f o r  3 ~ e  and 4 ~ e  t a rge t s .  The 

t r ans fe r red  momentum i n  t h i s  case is about 3.6 fm'l. 

I n  the  KDH model, one expects s t rong  s e l e c t i o n  

r u l e s  r e f l e c t i n g  t h e  s t r u c t u r e  of the  s p e c i f i c  s t a t e  i n  

which the  f i n a l  nucleus is  l e f t .  St rongly exc i t ed  

s t a t e s  should be those  whose c l u s t e r  s t r u c t u r e  matches 

t h e  entrance channel fragmentation. We the re fo re  chose 

the  * c ( ~ H ~ ,  x+) 15N reac t ion  f o r  our i n i t i a l  experiment 

t o  look f o r  enhanced t r a n s i t i o n s  t o  the  10.7 MeV (9/2+) 

and 15.4 MeV (1312') s t a t e s  i n  15N, which a r e  believed 

t o  have a 3-nucleon c l u s t e r  s t ruc tu re .4  

Fig. 1 shows t h e  * c ( ~ H ~ ,  x+) 5~ spectrum obtained 

dur ing a -2 h r  run with an average beam cur ren t  of 

about 300 enA. We saw no evidence above background 

(-50 pb / s r )  f o r  t r a n s i t i o n s  t o  bound f i n a l  s t a t e s ,  but 

a s u b s t a n t i a l  y i e l d  was observed t o  t h e  continuum. 

Checks were made t o  demonstrate t h a t  the  counts i n  the  

continuum were due t o  pions and not posi t rons .  The 

reac t ion  mechanism f o r  continuum production may be 

d i f f e r e n t  from t h a t  responsible  f o r  t r a n s i t i o n s  t o  

bound f i n a l  s t a t e s ,  where a very l a r g e  momentum 

t r a n s f e r  (-850 MeV/c) must be absorbed by the  nucleus. 

These r e s u l t s  do not con t rad ic t  the  KDH model, 

s i n c e  t h i s  model p r e d i c t s  a very rapid  decrease i n  

cross  sec t ion  with inc reas ing  t a r g e t  mass, l a r g e l y  due 
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Figure 1. Pion spectrum from the  r eac t ion  

12c(3He,,+)l5~ a t  T ( ~ H ~ )  = 268.4 MeV and Ox = 35'. 

t o  the  inc rease  i n  momentum t rans fe r .  The background 

l e v e l  i n  Fig. 2 is about equal t o  the  cross  s e c t i o n  

observed a t  Orsay f o r  the  6 ~ i ( 3 ~ e , n + ) 9 ~ e  (E,=O-3.0 MeV) 

r e a c t i o n  and hence is a good dea l  l a r g e r  than t h a t  

expected f o r  1 2 ~ ( 3 ~ e ,  n+) 5 ~ .  The background could be 

reduced i n  f u t u r e  runs by optimizing the  s c i n t i l l a t o r  

th icknesses  i n  t h e  f o c a l  plane de tec to r  array.  

Fig. 2 shows the  momentum t r a n s f e r s  f o r  the  3 ~ e ,  

6 ~ i  and 1 2 ~ ( 3 ~ e , n + )  r eac t ions ,  and the  160(p,~+)170 

reac t ion  f o r  comparison. According t o  the  KDH mode1,l 

the cross section for the coherent "pionic fusion" 

process  should inc rease  a s  the  bombarding energy, and 

hence the  momentum t r a n s f e r ,  is decreased - u n t i l  t he  

point  is reached (-30 MeV above threshold)  where phase 

space dominates. Measurements of the  energy dependence 

Tp or T3 (MeV) 
He 

Figure 2. Momentum t r a n s f e r  vs. bombarding energy a t  
0, = 0 and 180° f o r  s e v e r a l  ( 3 ~ e , n + )  r eac t ions  and a 
t y p i c a l  (p, n+) react ion.  

of the  ( 3 ~ e , n )  r eac t ion  would shed l i g h t  on t h e  nature  

of the  l rml t inuc leon  pion production process and 

provide guidance f o r  f u r t h e r  t h e o r e t i c a l  developments. 
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