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In  order  t o  make comparisons between (p,n) da t a  i s  a l s o  indica ted  i n  t h i s  spectrum. This s t a t e  has  

a t  E = 62 MeV, (p,p' ) spec t r a  were taken a t  t he  same been seen i n  ( a , a $ )  s c a t t e r i n g  a t  60 MeV and i n  (p ,p ' )  

energy i n  t he  angular  range from 6' t o  42' f o r  1 2 ~ , 2 4 ~ g  , s c a t t e r i n g  a t  155 MeV (but not  a t  45 MeV) by Buenerd 

and 28~i .  Since only T = 1 s t a t e s  a r e  exci ted  by the  -- e t  a l .  Comparison of a p a r t i a l  angular  d i s t r i b u t i o n  

(p,n) r eac t ion  on these  t a r g e t s ,  i n t e r e s t  is  focused on f o r  t h i s  s t a t e  with t h e  angular  d i s t r i b u t i o n  f o r  t h e  

t he  M1 s t a t e s  i n  t h e  ana lys i s  of  the(^ ,p' ) spec t r a .  2+, 16.11 MeV s t a t e  confirms t h e i r  assignment of 

Analysis is no t  complete a s  y e t  on the  2 4 ~ g  (p ,p' ) 2+, T = 0 t o  t h e  15.4 MeV s t a t e .  S imi lar  spectrograph 

and 2 8 ~ i  (p ,p' ) measurements. Papers inc luding  the  spec t r a  were taken centered on t h e  12.71 MeV I+, T = 0 

12c (p ) r e s u l t s  a r e  i n  d r a f t  form. s t a t e  a t  about 2' i n t q r v a l s  from 8' t o  42' f o r  compar- 

i son  with t h e  I+, T = 1 s t a t e  a t  15.11 MeV. 
12c (p ) Results  

Figure 2 shows the  measured angular  d i s t r i b u t i o n  
Figure 1 shows a spectrograph spectrum of 12c in- 

f o r  t he  15.11 MeV s t a t e  compared t o  t he  r ecen t ly  re-  
e l a s t i c  s c a t t e r i n g  a t  eLm = 26' i n  t he  region of ex- 

+ ported r e s u l t s  a t  E = 65 MeV of Hosono e t  a l . 2  and 
c i t a t i o n  from 14.5 t o  18  MeV. The 15.11 ( 1  , T = 1 )  P 

the  e a r l i e r  r e s u l t s  a t  Ep = 61 MeV of Bertrand and ~ e e l e 3 ,  
and 16.11 (2+, T = 1 )  MeV s t a t e s  dominate t he  spectrum. 

The s o l i d  l i n e  is a D'istorted Wave Impulse Approxi- 
A broad peak associa ted  with e x c i t a t i o n  of t he  16.58 

mation ca l cu l a t i on  using t h e  e f f e c t i v e  i n t e r a c t i o n  of 
MeV (2 , T = 1 )  s t a t e  i s  c l e a r l y  seen. A very broad 

peak (FWHM = 1.41  f 0.15 MeV) centered a t  15.4 + 0.1  MeV 
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Walker and picklesimer4,  Cohen and Kurath Wave Functions 

and ~ o s o n o ~  o p t i c a l  p o t e n t i a l  parameters. A s i m i l a r  
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p l o t  f o r  t he  12.71 MeV s t a t e  is  seen i n  Figure 3. it  was used t o  normalize t h e  12c (p ,n)  (g. s . )  

Agreement between the  t h e o r e t i c a l  ca l cu l a t i ons  which 

a r e  parameter f r e e  and unnormalized is remarkable i n  

t h a t  t he  d i s t o r t e d  wave impulse approximation may 

not  have been expected t o  be a reasonable approx- 

imation a t  an energy a s  low a s  62 MeV. 

Figure 4 is  a s i m i l a r  angular  d i s t r i b u t i o n  p l o t  f o r  

t he  16.1 MeV s t a t e .  No t h e o r e t i c a l  ca l cu l a t i on  has 

been made by Wklker and Picklesimer f o r  t h i s  s t a t e  a s  

yet .  

Angular d i s t r i b u t i o n s  f o r  12c ( p , p l )  12c t o  t he  

15.11 MeV s t a t e  and 12c (p,n) t he  ground s t a t e  

da da 
should be r e l a t e d  by (1) 2 (p, p1 ) = (p ,n) 

i f  i sospin  is conserved. A t  Ep = 122 MeV, t h i s  

r e l a t i o n s h i p  has  been e s t ab l i shed  t o  w i th in  10% by 

comparison of ~ Z C  (p ,p ' )  da t a  of Comfort e t  a1.6 

with 2~ (p, n )  da t a  of Goulding e t a l .  f o r  which 

ca re fu l  c a l i b r a t i o n  of t he  neutron de t ec to r  e f f i c i e n c y  

was done using 7 ~ i  (p,n) 7 ~ e  (g.s. + 0.43 MeV) i n  

a method s i m i l a r  t o  t h a t  described by Schery e t  a1.* 

Having e s t ab l i shed  t h e  v a l i d i t y  of eq . ( l )  a t  122 MeV, 

t Ep = 61 MeV 
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r e s u l t s  t o  t h e  12c (15.11) r e s u l t s .  

Figure 5 shows 12c (p ,p l )  and 12c (p,n) angular  

d i s t r i b u t i o n s  f o r  t he  comparable s t a t e s  a t  15.11 

(16.11) and 0.0 (1.0) MeV f o r  t h e  two r eac t ions .  The 

s o l i d  l i n e s  i n  t h i s  f i g u r e  a r e  DWBA c a l c u l a t i o n s  using 

the  fol lowing o p t i c a l  model parameters9: V = 32.8 

rR = 1.2, aR = 0.62, WV = 7.54, WD = 0,  rI = 1.40, 

aI  -0.67, VsO = 5.625, vso = 0.9, as, = 0.50. Normal- 

i z a t i o n s  requi red  t o  b r ing  the  calculatioras t o  t he  

1 
observed va lues  a r e  N = 21 f o r  t he  (p,p ) t o  t he  15.11 

MeV s t a t e  and N = 43 f o r  t h e  (p,n) t o  t he  ground s t a t e .  

This is cons i s t an t  with (p ,n) / & (p ,p I )  = 2 t o  
dQ dQ 

wi th in  2.5%. Normalization va lues  of N = 220 and N = 430 

a r e  needed i n  t h e  ca l cu l a t i ons  t o  reproduce t h e  ex- 

perimental  va lues  f o r  t h e  12c (p ,p l )  12c (16.11) and 

12c (p,n) 1 2 ~  (1.0) s t a t e .  This a l s o  is cons i s t an t  

with a (p,n) / (p ,p l )  c ross  s ec t ion  r a t i o  of 2 t o  wi th in  

2.5% which a l s o  corrobora tes  t h e  v a l i d i t y  of eq. (I). 

The absolu te  (p,n) c ros s  s e c t i o n s  were a l s o  compared 

with those  measured by Madey e t  a l .  which were taken 
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a t  the  same t i m e  but  with t he  neutron de t ec to r  e f f i  4) A. Picklesimer and G. Walker, Phys. Rev. x, 
237 (1978). 

ciency ca l cu l a t ed  by the  use of a computer code. 
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Absolute va lues  agree  t o  5%. 
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R. F in lay ,  and W.G. Love, IUCF Technical and 
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Figure 6 shows a 2 8 ~ i  (p , p1 ) 2 8 ~ i  spectrograph 7) C.A. Goulding, M.B. Greenfield,  C.C. Fos ter ,  
T.E. Ward, J. Rapaport, D.E. Bainum and C.D. Goodman 

spectrum a t  eLab = 14Oand E = 62 MeV i n  t h e  exci ta -  "Comparison of t h e  12c (p ,pO)  Reactions a t  E = 62 
P and 120 MeV", t o  be published (1979). P 

t i o n  energy range from about 9 t o  12.8 MeV ( s o l i d  l i n e s )  
8) S.D. Schery, L.E. Young, R.R, Doering, S.M. Austin,  

compared t o  a 2 8 ~ i  (p,n) 2 8 ~  spectrum (dot ted  l i n e s ) .  and R.K. Bhomik, Nucl. I n s t .  Meth. 147, 399 (1977). 

The peak a t  2.1 MeV e x c i t a t i o n  energy i n  t he  (p,n) 9) R. Madey, B. Anderson, A. Baldwin and T. Witten, 
P r i v a t e  Communication (1978). 

spectrum has  been matched i n  energy and normalized 
10) B.D. Anderson, "Calculat ions of Neutron Detector  

by he ight  t o  i t s  analog 11.45 MeV peak i n  t he  ( p , p l )  Eff ic iencies" ,  Proceedings of Conference on t h e  
(p,n) Reaction and t h e  Nucleon-Nuclear Force, 

spectrum. Shaded peaks i n  t he  (p,p ') spectrum To be published (1979). 

which has a r e so lu t ion  of 44 keV (FWHM), i n d i c a t e  

T = 1 peaks repor ted  i n  t he  l i t e r a t u r e .  Energy 

r e so lu t ion  of t h e  (p,n) d a t a  is 800 keV (FWHM) . 
Such d i r e c t  comparisons may be use fu l  i n  determining 

d i s t r i b u t i o n s  of T = 0 and T = 1 strength .  However, 

a s  is c l e a r  from t h i s  spectrum, t he  d i r e c t  compar- 

i son  f o r  2 8 ~ i  is l imi t ed  by the  r e so lu t ion  a t t a i n e d  i n  

both t he  (p,n) and (p ,p l )  measurements. For i n s t ance ,  

Figure 7 shows a comparison between the  2 8 ~ i  ( ~ , n ) ~ 8 p  

(2.1 MeV) cross  s e c t  ion angular  d i s t r i b u t i o n  

and two times the  2 8 ~ i  (p,pt  ) 2 8 ~ i  (11.42 + 11.43 

+ 11.44 MeV) cross  s e c t i o n  d i s t r i b u t i o n .  The (p ,p l )  

c ros s  s ec t ion  is high by about 30% due t o  the  con- 

t r i b u t i o n  of t h e  unresolved 11.434 MeV T = 0 s t a t e  

i n  t he  (p,p ')  s ca t t e r ing .  S imi lar  comparisons a r e  

i n  process f o r  2 4 ~ g  (p,n) and (p ,p ' )  s c a t t e r i n g  a t  

62 MeV bu t  a r e  n o t  y e t  complete. 
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