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An s t r i k i n g  f e a t u r e  of proton induced negat ive  

pion production (p,x-) on nuc le i ,  is the  s e l e c t i v e  

e x c i t a t i o n  of two-particle (protons) ,  one-hole 

(neutron) ,  high-spin s t r e t c h e d  (and near ly  s t r e t c h e d )  

s t a t e s  a t  low e x c i t a t i o n  energy i n  t h e  r e s i d u a l  

nuc1ei. l  These s t a t e s  have been found t o  be most 

s t rong ly  exc i t ed  i n  t a r g e t  nuc le i  where the  high sp in  

j) neutron o r b i t a l  is f u l l  and the  corresponding proton 

o r b i t a l  empty. This and a number of the  other  observed 

systemat ics  of these  highly  s e l e c t i v e  e x c i t a t i o n s  can 

be understood q u a l i t a t i v e l y 1  i n  terms of a two-nucleon 

r e a c t i o n  mechanism f o r  A(p,n')A+l; i .e. ,  the  underlying 

NN process f o r  n- production i n  the  nucleus i s  

p + n + p + p + x-. I n  t h i s  view, the  incoming proton 

i n t e r a c t s  with a t a r g e t  neutron ( i n  a high sp in  

o r b i t a l ) ,  producing a neutron hole and two r e s i d u a l  

protons which couple t o  maximum or  near ly  maximum sp in  

i n  order  t o  accommodate t h e  high l i n e a r  momentum 

t r a n s f e r  inhe ren t  t o  pion production react ions .  

Impl i c i t  i n  t h i s  d i s c r i p t i o n  is  the  l ack  of d i r e c t  

p a r t i c i p a t i o n  of the  core nucleons i n  the  production 

process ,  an ansatz  supported by our e a r l i e r  s t u d i e s  of 

(p,n') ground s t a t e  t r a n s i t i o n s  from the  carbon 

i so topes .  2 

Using the  high i n t e n s i t y  polar ized proton beams 

a v a i l a b l e  a t  IUCF, t a r g e t  nuc le i  where the  e x c i t a t i o n  

of the  s t r e t ched  2p-lh s t a t e s  a r e  most pronounced have 

r e c e n t l y  been s tudied.  Both cross  sec t ion  and 

analyzing power d i s t r i b u t i o n s  have been measured f o r  
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the  s t r e t ched  and near ly  s t r e t c h e d  2p-lh conf igura t ions  

from t a r g e t s  of oxygen,3 calcium, and most r ecen t ly  

strontium.5 Each t a r g e t  i so tope  was chosen t o  have t h e  

highest  f i l l e d  neutron o r b i t a l  correspond t o  an empty 

proton o r b i t a l .  The conf igurat ions  f o r  t h e  observed 

f i n a l  s t a t e s  a r e  ( ld5 i2 j3 ,  ( l f  7/2)3, and (1g9/2)3 

having sp ins  a s  l a r g e  a s  13/2+, 19/2', and 25/2+. 

r e spec t ive ly .  

Representa t ive  spec t ra  from the  present  work i n  

the  Zr region a r e  shown i n  Fig. 1 ( 8 8 ~ r  was chosen a s  

a t a r g e t  i n  t h i s  mass region because of the  l a r g e r  

sepa ra t ion  of d i s c r e t e  r e s i d u a l  s t a t e s ) .  Our t e n t a t i v e  

i d e n t i f i c a t i o n  of an observed s t a t e  a t  4.2 MeV i n  8 9 ~ r  

a s  the  25/2+ s t a t e  i s  based i n  p a r t  on t h e  c a l c u l a t i o n s  

of Brown. Using s h e l l  model wave func t ions  wi th  a 

zero-range plane-wave approximation f o r  the  production 

process (a technique which gave s t r i k i n g  agreement with 

e x c i t a t i o n  spec t ra  and other  sys temat ics  observed f o r  

var ious  calcium i so tope  t a r g e t s ) ,  t h e  25/2+ s t a t e  was 

predic ted by Brown t o  have an e x c i t a t i o n  of 4.1 MeV and 

t o  be weaker i n  the  forward hemisphere than a 

neighboring 21/2+ s t a t e  a t  3.7 MeV. Near 90' and i n  

t h e  backward hemisphere genera l ly ,  t he  25/2+ was 

predic ted t o  be the  s t ronges t  s t a t e  i n  t h e  spectrum. 

These f e a t u r e s  a r e  indeed borne out a s  exh ib i t ed  i n  the  

two spec t ra  from the  8 8 ~ r ( p , n - ) 8 9 ~ r  r e a c t i o n  (Tp = 175 

MeV; l a b  angles  45 and 90 degrees) d isplayed i n  Fig. 

1. The f a c t  t h a t  the  cross  s e c t i o n  f o r  the  highest  

sp in  s t a t e  s t a y s  l a r g e  ( r e l a t i v e  t o  the  lower sp in  
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from the  180, 4 8 ~ a ,  and 8 8 ~ r  t a r g e t  nuc le i  have been 

found t o  be q u i t e  s i m i l a r ,  exh ib i t ing  a negat ive  d ip  a t  

forward angles ,  and cross ing over a t  about 60' t o  

genera l ly  p o s i t i v e  analyzing powers a t  l a r g e r  angles.  

This q u a l i t a t i v e  observat ion awai ts  explanat ion,  but 

may have spectroscopic  app l i ca t ion  a s  a un ive r sa l  

s igna tu re  of the s t r e t ched  conf igurat ion.  

I n  f a c t ,  armed with  t h i s  poss ible  analyzing power 

s igna tu re  and the  p red ic t ion  (coupled with observat ion)  

t h a t  these  high sp in  conf igurat ions  s tand out most 

Figure 1. Spectra  f o r  8 8 ~ r ( p , x - )  a t  Tp = 175 MeV and 
two d i f f e r e n t  l a b  angles (45 and 90 degrees) showing 
t h e  dominance of the  t e n t a t i v e l y  i d e n t i f i e d  25/2+ 
s t r e t c h e d  s t a t e  Ex = 4.2 MeV a t  the  l a r g e r  angles.  

s t a t e s )  a t  the  more backward angles  is both expected 

c l e a r l y  a t  the  more backward angles ,  we plan t o  

continue our s t u d i e s  t o  heavier  t a r g e t  nucle i .  I n  

p a r t i c u l a r ,  we plan t o  look a t  1 4 4 ~ m  and 2 0 8 ~ b  where we 

hope t o  observe s t a t e s  based on (lh11/2)3 and 

2p-lh conf igurat ions ,  respect ively .  The high-spin 

1.0 ( 5 ~ - )  Stretched State Analyzing Powers 

from r a t h e r  general  momentum coupling arguments f o r  

these  l a r g e  total-L t r a n s f e r s ,  and i n  accord with 

observat ions  of s imi la r  s t a t e s  i n  the calcium4 region. 

This r e l a t i v e  weakness of the  s t r e t ched  conf igurat ion 

a t  forward angles may be responsible  i n  pa r t  f o r  the  

l ack  of agreement between known s t r e t ched  s t a t e  

e x c i t a t i o n  energies  and measured average e x c i t a t i o n  

- .4 $ " ~ r  EX = 4.3 MeV (25/;)  
9 4 9 ~ i  EX =4.4 MeV ('T) 
4 4 3 ~ i  EX 03.1 MeV (IT) 
$ " ~ e  Ex =4.6 MeV ('?if) 

energ ies  f o r  unresolved d i s c r e t e  s t a t e s  observed 
Figure  2. Analyzing power d i s t r i b u t i o n s  f o r  the  2p-lh 

p rev ious ly l  i n  (pyx') a t  forward angles i n  the  Z r  s t r e t c h e d  s t a t e  conf igurat ions  exc i t ed  i n  (p,x') from 
t h e  t a r g e t  nuc le i  180 (Ref. 3, Tp = 201), 4 2 ~ a  (Ref. 4, 

region. Tp = 205 MeV), "ca (Ref. 4, T = 166 MeV), and the  
t a r g e t  used i n  the  present  stuSy 8 8 ~ r  (Ref. 5, T = 175 

Remarkably, the  analyzing power d i s t r i b u t i o n s  MeV), showing an apparent un ive r sa l  s ignature .  h e  
A (8) values  p lo t t ed  f o r  the  4 2 ~ a  case a r e  presented a s  

(shown i n  Fig. 2) of the highest  sp in  s t a t e s  observed tKe sum of an unresolved doublet a t  the s t r e t c h e d  s t a t e  
e x c i t a t i o n  energy i n  the  spec t ra .  



s t r e t c h e d  s t a t e s  f o r  t hese  two cases  would be 31/2- and 3) J. J. Kehayias e t  a l . ,  IUCF Exp. a197, Bull .  Am. 
Phys. Soc. 28, 705 (1983). 

37/2+, es t imated6 t o  l i e  a t  Ex -4.6 and 6.4 MeV, 
4) T.G. Throwe e t  a l . ,  IUCF Exp. #208, Bu l l ,  Am. Phys. 

r e s p e c t i v e l y ,  i n  1 4 5 ~ d  and 2 0 9 ~ 0 .  SOC. 28, 672 (1983). 

5) M.C. Green e t  a l . ,  IUCF Exp. #240. 
"present address  : Physics Divis ion,  Argonne National 

Lab, 9700 S. Cass Avenue, Argonne, IL 360439. 6) B.A. Brown, p r i v a t e  communication. 

1 )  S.E. Vigdor, T.G. Throwe, M.C. Green, W.W. Jacobs,  7) B.A. Brown, 0. Schol ten ,  and H. Toki, Phys. Rev. 
R.D. Bent, J.J. Kehayias, W.K. P i t t s ,  and T.E. Ward, Le t t .  2, 1952 (1983). 
Phys. Rev. Let t .  49, 1314 (1982); Nucl. Phys. A=, - 
61c (1983). 8)  W.W. Jacobs e t  a l . ,  IUCF Exp. 8248. 

2) W.W. Jacobs,  T.G. Throwe, S.E. Vigdor, M.C. Green, 
J.R. Ha l l ,  H.O. Meyer, W.K. P i t t s ,  M. D i l l i g ,  Phys. 
Rev. Lett. 2, 885 (1982). 

(p,n') SPECTROSCOPY i n  the  sd  SHELL 
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The p o t e n t i a l  u se fu lness  of t he  (p ,n-) r e a c t i o n  

f o r  nuc lea r  spect roscopy r e s u l t s  from two f e a t u r e s  of 

t h e  r e a c t i o n  t h a t  have been i n f e r r e d  from recent  IUCF 

experiments : 1 3 2 

1 )  the  dominance of a twonuc leon  r e a c t i o n  

mechanism ( a t  l e a s t  f o r  c e r t a i n  

t r a n s i t i o n s ) ,  and 

2) the  p r e f e r e n t i a l  popula t ion of high-spin 

f i n a l  s t a t e s  (because of t he  l a r g e  

momentum t r a n s f e r ) .  

Consequently, t he  r eac t ion  should be u s e f u l  i n  

i d e n t i f y i n g  high-spin s t a t e s  having a simple 2p-lh 

conf igu ra t ion  wi th  r e spec t  t o  the  t a r g e t  nucleus,  which 

may not  be e a s i l y  seen o r  i d e n t i f i e d  by o the r  means. 

The s t r i k i n g  s e l e c t i v i t y  of t he  (p ,n-) r e a c t i o n  

f o r  high-spin 2p-lh s t a t e s  was f i r s t  observed f o r  a 

number of t a r g e t s  i n  the  C, Ca and Z r  mass regi0ns . l  

Recently,  Brown e t  a1. have shown t h a t  t he  main 

f e a t u r e s  of t he  r e l a t i v e  c ross  s e c t i o n s  i n  the  Ca 

region can be q u a l i t a t i v e l y  understood wi th in  the  

context  of t he  ( I f  7/2) s h e l l  model, t oge the r  wi th  only  

gene ra l  assumptions about the  r e a c t i o n  mechanism. The 

s p e c t r a  a r e  dominated by an "A-window" c rea ted  on t h e  

lower s i d e  by the  momentum mismatch i n  the  r e a c t i o n  and 

on the  higher  s i d e  by the  maximum angular  momentum 

t r a n s f e r  a v a i l a b l e  f o r  t h r e e  p a r t i c l e s  i n  the  fp-shel l .  

A s i m i l a r  s e l e c t i v i t y  of t he  (pyx') r e a c t i o n  has 

been observed4 f o r  sd-shel l  t a r g e t s :  180 and 2 6 ~ g .  

The q u a l i t a t i v e  correspondence between some of the  main 

f e a t u r e s  of t he  180(p,n-)19~e and 2 6 ~ g ( p , n - ) 2 7 ~ i  

s p e c t r a  and the  f u l l  sd-shel l  model c a l c u l a t i o n s  of 

wildentha15 i s  encouraging evidence t h a t  t he  (p  , n-) 

r e a c t i o n  can provide u s e f u l  spec t roscop ic  informat ion,  

and t h a t  f u r t h e r  s t u d i e s  of t he  (p,n-) r e a c t i o n  on 

o the r  sd-shel l  n u c l e i  would be t imely.  

Fig. 1 shows the  r e s u l t s  of a pre l iminary  survey 

of (p,n') s p e c t r a  from s e v e r a l  Mg and S i  i so topes .  

Fu r the r  s t u d i e s  i n  the  sd-shel l  a r e  planned. 




