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Numerous measurements of (P , n+) and (p , n') Theore t i ca l  e s t ima tes  suggested t h a t  a t  t h i s  low 

reac t ions  on nuc le i  have pointed up our bas ic  i n a b i l i t y  bombarding energy the  c ross  s e c t i o n  should be peaked i n  

t o  ob ta in  a cons i s t en t  and systemat ic  desc r ip t ion  of the  forward d i rec t ion .  Therefore the  pion spectrometer 

t h e  da ta  with any of the  cu r ren t  t h e o r e t i c a l  models. was f ixed  a t  -30' and one proton te lescope was placed 

Measurements of the  three-body (p,pn) r eac t ion  can a t  +2S0 (or +35O). I n  order  t o  examine t h e  angular  

provide a d d i t i o n a l  d e t a i l e d  information on the  pion dependence, the  second proton te lescope was placed a t  

production mechanism. The f l e x i b i l i t y  afforded by the  90'. I n  add i t ion  coincidences were recorded f o r  events  

t h r e e  body f i n a l  s t a t e  allows one t o  i s o l a t e  the  s topping i n  the  90' hE de tec to r  t o  measure t h e  c ross  

dependence of the  c ross  s e c t i o n  on var ious  kinematic s e c t i o n  f o r  the  emission of low energy protons (< 10 

v a r i a b l e s ,  which cannot be s tudied i n  the  two-body MeV). Measurements were made of both (p-n+) and (p-n') 

react ion.  Furthermore t h e o r e t i c a l  ca lcu la t ions  of the  coincidences.  Targets  of l O ~ [ ~ ( p , p n + ) =  -140.6 MeV 

(p,pn) r eac t ion  a r e  s impl i f i ed ,  s ince  one l e s s  ve r t ex  and Q(p,pn')= -142.6 MeV] and ~ * c [ Q ( ~ , ~ x + ) =  -153.4 MeV 

i s  involved i n  the  model, and the  occurrence of the  and Q(p,pn')= -156.4 MeV] were used. 

emit ted proton i n  a s c a t t e r e d  s t a t e  can lead t o  small  The major d i f f i c u l t y  i n  the  measurements was the  

nuclear  momentum t rans fe r s .  acc iden ta l  r a t e .  A reasonable count r a t e  required 

Experiment 187 was an i n i t i a l  run t o  examine t h e  running with a r e a l  t o  acc iden ta l  r a t i o  of 1/10. As a 

d i f f i c u l t i e s  involved i n  such a (p,pn) measurement a t  r e s u l t  sub t rac t ions  were l a rge ,  and t h e r e  is 

t h e  r e l a t i v e l y  low bombarding energy of 205 MeV. The e s s e n t i a l l y  no d e t a i l e d  energy information i n  the  

emergent pions were detected i n  the  QQSP spectrometer present  measurements. A t  bes t  t h i s  experiment will 

using a s o l i d  angle  of approximately 20 msr and a provide c ross  s e c t i o n  information in teg ra ted  over the  

momentum b i t e  of approximately 30%. The protons were acceptance l i m i t s  s e t  by the  de tec to r s .  

de tec ted  i n  two p l a s t i c  s c i n t i l l a t o r  te lescopes  

- 
AE.E*Veto ( s o l i d  angle  = 1 0  msr) which stopped 

Analysis is i n  progress. However, two prel iminary 

observat ions  can be made. Although somewhat smal ler ,  

about 75 MeV protons i n  t h e  f i r s t  two de tec to r  t h e  (p,pn') c ross  sec t ions  a r e  comparable t o  ( ~ , p x + ) .  

elements. I n  add i t ion  a 12.7 cm x 12.7 cm l i q u i d  Furthermore the  i n t e g r a t e d  c ross  sec t ion  f o r  Tp>10 MeV 

s c i n t i l l a t o r  neutron d e t e c t o r  was placed approximately f a l l s  by roughly a f a c t o r  of f i v e  from 35' t o  90°. 

2 meters from the  t a r g e t  t o  examine the  (n-n) Future work depends on our a b i l i t y  t o  design an 

coincidence ra t e .  experiment which w i l l  s i g n i f i c a n t l y  improve t h e  r e a l  t o  

a c c i d e n t a l  r a t i o .  
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Several recent e ~ p e r i r n e n t a l l ' ~  and theoretica15s6 
TABLE I 

s tud ies  of pion production with complex p r o j e c t i l e s  
EH,(&V) a207(nb) a211 (nb) Target mg/cm2 

below the threshold f o r  production i n  f r e e  Thickness 

nucleonnucleus react ions have a t t r a c t e d  wide i n t e r e s t .  130 <O. 5 <O. 5 10  

Wall e t  a l .  measured the 2 0 8 ~ b ( 3 ~ e , a 0 )  inc lus ive  cross 158 9.7 8.0 63 

sec t ion  a t  200 MeV t o  be 6.0 x 10'~ nb/sr-MeV. 198 5.3 7.6 144 

Doubly-coherent pion production2 by 910 MeV 3 ~ e  on 6 ~ i  200 7.8 11.6 71 

yielded 0.42 x 10'~ nb/sr fo r  the d i f f e r e n t i a l  cross 230 <2.5 4.4 7 5 

sect ion.  The heavy-ion study by Benenson e t  a1. has 

prompted several  new invest igat ions of pion production da te  a re  given i n  Table I. The r e l a t i v e  

below the f r e e  threshold. More recent ly ,  LeBornec e t  uncertainty i n  these measurements a re  f15-30%, whereas 

a l e 4  have s tudied coherent pion production near the absolute  uncertainty is estimated a t  +50%. Our 

threshold i n  3 ~ e - 3 ~ e  react ions a t  270 and 283 MeV de tec t ion  l i m i t  is about 0.1-0.5 nb. The below 

incident  energies. In  pa r t i cu la r ,  they observed the threshold measurement a t  130 MeV did not produce a 

3 ~ e (  3 ~ e ,  IZ+)~I~L react ion t o  d i s c r e t e  s t a t e s  with detectable  amount of Astatine. We hope t o  complete 

s i zeab le  cross sections. Klingenbeck, D i l l i g  and t h i s  study i n  1983 by performing new measurements below 

Huber5 have developed a d c r o s c o p i c  model f o r  the threshold t o  determine w e l l  our secondary contr ibut ions 

complete fusion of two nuclei  and subsequent pion and t o  perform add i t iona l  measurements a t  higher 

production. The model adequately descr ibes  the , energies ,  preferrably 230-270 MeV. 

3 ~ e (  3 ~ e ,  x+) 6 ~ i  process near 280 MeV. ~ e r t s c h ~  has 
1 )  N.S. Wall, J.N. Craig and D. Ezrow, Nucl. Phys. 

calculated the ( 3 ~ e ,  x) react ion cross  sec t ion  a t  70 - A268, 459 (1976). 

MeV/nucleon i n  an independent p a r t i c l e  model. The 2) E. Aslanides e t  a l . ,  Phys. Rev. Le t t .  43, 1466 
(1979). 

ca lcu la t ion  gives zero i f  co l l ec t ive  F e d  motion is 
3) W. Benenson e t  a l . ,  Phys. Rev. Lett. 43, 683 

neglected and about 1 nb i f  the i n t e r n a l  momentum of (1979). 

the  3 ~ e  nucleons is included. 

I n  the present study we have measured the 

4) Y. LeBornec, L. Bimbot, N. Koori, F. Reide, A. 
W i l l i s ,  N. W i l l i s  and C. Wilkin, t o  be published i n  
Phys. Rev. Lett.  (1982). 

2 0 8 ~ b ( 3 ~ e ,  x - x n ) ~ t  cross sec t ions  i n  the energy range 5) K. Klingenbeck, M. D i l l i g  and M. Huber, t o  be 
published i n  Phys. Rev. Let t  (1982), and A.I.P. 

of 130-230 MeV using ac t iva t ion  and radiochemical Conference Proceedings No. 79 "Pion Production and 
Absorption i n  Nuclei - 1981", American I n s t i t u t e  of 

techniques. No new r e s u l t s  have been obtained s ince Physics, New York, 1982. 

our report7 l a s t  year due t o  e i t h e r  scheduling 6) G.F. Bertsch, Phys. Rev. C 15, 713 (1977). 

c o n f l i c t s  o r  cyclotron a v a i l a b i l i t y .  The r e s u l t s  t o  7) IUCF S c i e n t i f i c  and Technical Report 1981, p. 50. 


