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We repor t  measurements of the 2 8 ~ i ( p , n )  r eac t ion  and about 825 keV f o r  the  de tec to r  i n  the  45' s t a t i o n .  

with unpolarized protons of 135.2 MeV and with The neutron de tec to r s  i n  the  0°, 24", and 45" s t a t i o n s  

polar ized protons of 133.5 MeV, and we compare the  a t  f l igh t -pa ths  of 71.0, 71.0, and 37.3 m, 

angular  d i s t r i b u t i o n s  of the  d i f f e r e n t i a l  cross  s e c t i o n  re spec t ive ly ,  each consis ted of two mean-timed4 NE-102 

and the  analyzing power of the  6-, T=l "s t re tched" neutron de tec to r s5  wi th  combined f r o n t a l  a reas  of 1.03, 

s t a t e  a t  = 4.95 MeV i n  2 8 p  wi th  those published f o r  1.55, and 2.32 m2. Since the  beam swinger i s  capable 

t h e  analog 2 8 ~ i ( p , p ' ) 2 8 ~ i  (6-, T=l 14.35 MeV) reac t ion  of d e f l e c t i n g  the  inc iden t  proton beam through an angle 

a t  134.1 M ~ v .  up t o  24O, we detected s c a t t e r e d  neutrons out t o  69" i n  

I n  the  absence of e lect romagnet ic  and charge- s t e p s  of about 6'. Anticoincidence counters vetoed 

dependent nuclear  i n t e r a c t i o n s ,  the  t r a n s i t i o n  matrix charged p a r t i c l e s  from the  t a r g e t  and cosmic rays.  

elements M f o r  these  analog reac t ions  a r e  r e l a t e d  by The same 42.1 + 0.9 mg/cm2 t h i c k  n a t u r a l  s i l i c o n  t a r g e t  

M(p,n) = ~ M ( P , P ' )  . (1)  was used f o r  both experiments. Yields were ex t rac ted  

The p ropor t iona l i ty  constant  c i s  the  r a t i o  of the  by summing the  events between appropr ia t e  channels and 

i s o s p i n  Clebsch-Gordan c o e f f i c i e n t s  which couple the  s u b t r a c t i n g  a l i n e a r  background. Despite the  

f i n a l  28 P ( T = ~ ,  T,=-1)Cn and 28 ~ i ( ~ = l ,  Tz=O)+p channels d i f f e rence  i n  r e so lu t ion ,  the  d i f f e r e n t i a l  c ross  

t o  the  i n i t i a l  2 8 ~ i ( ~ = 0 ) + p  channel. Under these  s e c t i o n s  from the  two experiments agreed wi th in  

assumptions, the  (p,n) d i f f e r e n t i a l  cross  s e c t i o n  and s t a t i s t i c s ,  which suggests  the  dominance of a s i n g l e  

t h e  analyzing power angular d i s t r i b u t i o n s  should be contr ibut ion.  

i d e n t i c a l .  P lo t t ed  a s  ' t r i ang les  i n  Fig. 1 a r e  the  r e s u l t s  of 

The experiments were performed with the  our d i f f e r e n t i a l  cross  sec t ion  measurements f o r  the  

beam-swinger sys  tem a t  the  Indiana Univers i ty  Cyclotron 2 8 ~ i  (p ,n)28p (6', T=l , 4.95 MeV) reac t ion ;  p l o t t e d  a s  

F a c i l i t y  (IUCF). The f i r s t  experiment was made with an squares  a r e  the  cross  sec t ions  measured by Yen e t  a l e 1  

unpolar ized proton beam a t  135.2 MeV; and the  

experimental arrangement was described p r e v i ~ u s l y . ~  

The energy reso lu t ion  was 310 keV f o r  l abora to ry  angles  

l e s s  than 45O and 380 keV f o r  l a r g e r  angles.  The 

second experiment used a 133.5 MeV proton beam with  a 

p o l a r i z a t i o n  of about 70 percent ;  i n  t h i s  experiment, 

t h e  energy reso lu t ion  f o r  115 MeV neutrons was about 

410 keV f o r  the  de tec to r s  i n  the  0" and 24" s t a t i o n s  

f o r  the  analog ( p , p t )  react ion.  The (p ,p ' )  cross  

sec t ions  a r e  mul t ip l i ed  by two t o  account f o r  t h e  r a t i o  

of the  i s o s p i n  Clebsch-Gordan c o e f f i c i e n t s  a s  ind ica ted  

i n  Eq. (1). Within the  combined u n c e r t a i n t i e s  of the  

two experiments,  t he re  is no evidence i n  Fig. 1 f o r  any 

dev ia t ion  from charge independence. A s i m i l a r  

comparison between the  d i f f e r e n t i a l  cross  sec t ions  f o r  

the  e x c i t a t i o n  of the s t ronges t  i sovec to r  4' s t a t e  i n  
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Figure  1. The d i f f e r e n t i a l  c ross  s e c t i o n  a t  135.2 MeV 
versus  the  momentum t r a n s f e r  f o r  t he  t r a n s i t i o n  t o  the  
6- s t a t e  i n  the  r eac t ion  2 8 ~ i ( p , n ) 2 8 p  (4.95 MeV). 
Shown f o r  comparison a r e  the  (p,p'.) d a t a  of Yen e t  a1.l 
which a r e  mul t ip l i ed  by two t o  account f o r  the  i s o s p i n  
Clebsch-Gordan c o e f f i c i e n t s .  Shown a l s o  a r e  the  
r e s u l t s  of a DWIA c a l c u l a t i o n  f o r  t h i s  t r a n s i t i o n  t o  a 
s i n g l e  s t r e t c h e d  pa r t i c l e -ho le  (nf 7/2,  vd-15/2) 
conf igurat ion.  [This c a l c u l a t i o n  uses the  e f f e c t i v e  
i n t e r a c t i o n  of Love and ~ r a n e ~ ' O  a t  140 MeV, the  
o p t i c a l  p o t e n t i a l  parameters of Schwandt e t  a l .  ,11 and 
a harmonic-osci l la tor  bound-state wavefunction with a 
parameter b = 1.733 fm.] 
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Figure  2. The analyzing power versus the  momentum 
t r a n s f e r  f o r  t he  2 8 ~ i ( p , n ) 2 8 p  (6', 4.95 MeV) r e a c t i o n  
a t  133.5 MeV. Shown f o r  comparison a r e  the  (p,p ') data  
of Olmer e t  a ~ . ~  Shown a l s o  a r e  the  r e s u l t s  of DWIA 
c a l c u l a t i o n s  f o r  t he  (p,n) and ( p , p l )  r eac t ions .  The 
s o l i d  curve r ep resen t s  the  DWIA c a l c u l a t i o n  f o r  t he  
(p ,n)  r eac t ion ,  and the  dashed curve is  the  DWIA 
c a l c u l a t i o n  f o r  t he  analog (p , p  ' ) react ion.  

i n  t h i s  d i f f e r e n c e  i s  l a r g e r  than the  s t a t i s t i c a l  

unce r t a in ty  alone. Although i t  is  nut known whether 

t h e r e  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  con t r ibu t ions  from 

unresolved s t a t e s ,  t he  dens i ty  of s t a t e s  is  l a r g e  i n  

t h i s  region of e x c i t a t i o n  energy. While the  (p,n) 

experiment doesn ' t  s u f f e r  from the  background of 

t h e  1 6 0 ( p , n ) 1 6 ~  and l6 0 ( ~ , ~ ' ) ~ ~ 0  reac t ions  was a l s o  i s o s c a l a r  s t a t e s ,  t he  825 keV r e s o l u t i o n  f o r  t he  (p,n) 

cons i s  t e n t  wi th  charge independence. 6 ,  7 analyzing-power measurement was s i g n i f i c a n t l y  worse 

The (p ,n)  and (p, p ' ) analyzing-power da ta ,  than the  "70 keV r e s o l u t i o n  f o r  the (p ,p ' )  

spanning momentum t r a n s f e r s  between 1.0 and 2.8 fm-l, experiment. l ,  

a r e  compared i n  Fig. 2. Over most of the  angular  The curves shown i n  Figs. 1 and 2 r ep resen t  

range, these  d a t a  s e t s  agree  wi th in  t h e i r  distorted-wave-impulse-approximation (DWIA) 

u n c e r t a i n t i e s .  Beyond 2.4 fm'l t h e r e  is an apparent c a l c u l a t i o n s  made wi th  the  code D W B A ~ O . ~  We used a 

d iscrepancy between the  analyzing powers f o r  these  bound-state harmonic-osci l la tor  wavefunction f o r  t he  

r eac t ions .  At q = 2.6 fm-l, t he  magnitude of t h i s  s i n g l e  s t r e t c h e d  (nf712, vd-1512) conf igu ra t ion  wi th  

d i f f e r e n c e  appears t o  be 0.38 with a s t a t i s t i c a l  t h e  o s c i l l a t o r  parameter b = 1.733 fm which we 

uncer tanty  of + 0.12. It is  c l e a r  t h a t  t he  unce r t a in ty  determined from e l e c t r o n  s c a t t e r i n g  data.9 The 140-MeV 



f r e e  nucleon-nucleon i n t e r a c t i o n  of Love and Franey was 

used. lo As i n  Refs. 1 and 6 ,  neglect  ' of the imaginary 

i sovec to r  t ensor  component improved the  desc r ip t ion  of 

t h e  analyzing power without producing a s i g n i f i c a n t  

change i n  the  d i f f e r e n t i a l  cross  sect ion.  The 

d i s t o r t e d  waves were generated with the o p t i c a l  

p o t e n t i a l  parameters determined by Schwandt e t  a l .11 

f o r  the  s c a t t e r i n g  of 135 MeV protons from 28~i .  The 

Coulomb d i s t o r t i o n  i n  the  e x i t  channel f o r  the  ( p , p f )  

r eac t ion  i s  responsible  f o r  the  small  s h i f t  of the 

( p , p f )  analyzing-power ca lcu la t ion  r e l a t i v e  t o  the  

(p ,n)  ca lcu la t ion .  

The con t r ibu t ion  of the  tensor  i n t e r a c t i o n ,  shown 

a s  the  dashed l i n e  i n  Fig. 1, dominates the  cross  

sec t ion .  The spin-orbi t  con t r ibu t ion ,  shown a s  the  

dash-dot l i n e  i n  Fig. 1, is neg l ig ib le  below about 2 

fm-1. The spin-dependent c e n t r a l  con t r ibu t ion ,  shown 

a s  the  dot ted l i n e ,  i s  s i g n i f i c a n t  only a t  small  

momentum t r a n s f e r s .  At the  peak of the angular 

d i s t r i b u t i o n ,  the  r a t i o  between the  experimental and 

t h e  ca lcu la ted  cross  s e c t i o n  i s  0.31 determined from 

e l e c t r o n  s c a t t e r i n g ;  l2 9 l3 the re f  o re ,  the impulse 

approximation based upon the  Love-Franey t - m a t r i x  

provides a cons i s t en t  desc r ip t ion  of the  s t r e n g t h  and 

momentum-tra'nsf e r  dependence of the  d i f f e r e n t i a l  c ross  

sec t ions  i n  the  momentum t r a n s f e r  range from 1.0 t o  2.8 

fm'l. Snover e t  a1. l4 f i n d  t h a t  both of these  

spectroscopic  s t r eng ths  f o r  d i r e c t  one-step i n e l a s t i c  

s c a t t e r i n g  a r e  about 30 percent smal ler  than those  

i n f e r r e d  from t h e i r  determinat ion of the  

(nf 7 /2 ,~d-15/2)  par t ic le-hole  amplitude of the  6- 

s t a t e ,  which they exc i t ed  v i a  proton t r a n s f e r  i n  the  

2 7 ~ ( p ,  y )  react ion.  This discrepancy i n  the  

spectroscopic  s t r eng ths  may r e s u l t  from neglect  of 

meson exchange cu r ren t s  and/or second-order core 

po la r i za t ion ,  and/or from ambigui t ies  i n  t h e  impulse 

approximation desc r ip t ions .  

I n  summary, we used the  (p,n) r eac t ion  a t  a 

nominal energy of 135 MeV t o  measure the  d i f f e r e n t i a l  

c ross  s e c t i o n  and the  analyzing power i n  the  momentum 

t r a n s f e r  range between 1.0 and 2.8 fm-l f o r  the  

e x c i t a t i o n  of the  i sovec to r  s t r e t ched  6' s t a t e  i n  28p. 

In comparison t o  s i m i l a r  cross  s e c t i o n s  f o r  t h e  analog 

( p , p f )  r eac t ion ,  these  (p,n) cross  sec t ions  a r e  

cons i s t en t  with charge independence, a s  were s i m i l a r  

(p ,n)  and ( p , p f )  cross  sec t ions  f o r  the  4', T=l s t a t e  

i n  mass-16. With form f a c t o r s  and spectroscopic  

amplitudes determined from e l e c t r o n  s c a t t e r i n g ,  both 

the  cross  sec t ion  and analyzing-power d a t a  a r e  

descr ibed wel l  by the  DWIA based upon the  f r e e  

twonucleon i n t e r a c t i o n ;  the re fo re ,  the  i sovec to r  

s e l e c t i v i t y  of the (p ,n) r eac t ion  provides a u s e f u l  

spectroscopic  tool .  
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The K ( ~ .  s. ) i s  predominantly (nld'l) . The AR = 0 angular  d i s t r i b u t i o n s  i n  the  3 9 ~ ( p , n ) 3 9 ~ a  

t r a n s i t i o n  t o  the  3 9 ~ a ( g . s . )  c a r r i e s  e s s e n t i a l l y  a l l  of r eac t ion .  Thus, t he  (p,n) r e a c t i o n  provides a valuable  

t h e  (d'l ) + (d'l ) s t r eng th .  The (vd'l ) s t r e n g t h  
/2 l2 / 2  

c ross  check on the  spectroscopy of 3 9 ~ a .  

seen i n  4 0 ~ a ( p , d ) 3 9 ~ a  and 4 0 ~ a ( d , t ) 3 9 ~ a  r eac t ions  i s  When we add up the  s t r e n g t h  seen i n  the  (p,n) 

d i s t r i b u t e d  i n  s e v e r a l  s t a t e s  between 5 and 10 MeV of r e a c t i o n  f o r  t h e  10 (vd'l ) s t a t e s  we i d e n t i f y  between 
5 / 2  

e x c i t a t i o n .  In  the  da ta  from our March, 1983 5 and 10 MeV of e x c i t a t i o n  and compare t h i s  wi th  the  

measurements of t he  3 9 ~ ( p , n ) 3 9 ~ a  r e a c t i o n  a t  135 MeV, Gamow-Teller s t r e n g t h  f o r  t he  (p,n) r e a c t i o n  t o  the  

we observe the  e x c i t a t i o n  of "20 known s t a t e s  between 3 9 ~ a ( g . s . ) ,  we ob ta in  a r a t i o :  (vd-1 ) 
5 / 2  " 2.71 

4.5 and 10.5 MeV of e x c i t a t i o n  energy. Ten of these  

s t a t e s  have AR = 0 angular  d i s t r i b u t i o n s  (peaked a t  0'. 
This can be compared with the  extreme s i n g l e - p a r t i c l e  

The o the r  s t a t e s  have AR 2 1 angular  d i s t r i b u t i o n s .  
value  : + + 

Every s t a t e  i d e n t i f i e d  a s  (vd'l ) i n  the  40-MeV 
/2 

I <d5,2 I I I o 0 d  I l d3 /2>1  
= L 

4 0 ~ a ( p , d ) 3 9 ~ a  work of Martin e t  a1.l  has a AR = 0 

angular  d i s t r i b u t i o n  i n  the  K(p ,n)  r eac t ion ;  however, 

s e v e r a l  s t a t e s  i d e n t i f i e d  a s  (vd'l ) i n  the  52-MeV 
l2 

With the  e f f e c t i v e  s-d s h e l l  matr ix  elements of 

4 0 ~ a ( d  , t ) 3 9 ~ a  work of Doll e t  a1. , 2  c l e a r l y  do not have Brown and wildentha13 t h i s  r a t i o  is reduced t o  3.78. 




