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The spin-orbit  p~ent~al depth of 3He par t ic les  has been obtained by comparing back angle spin-flip meas -  
urements  of the C(He)1~C*(4.44) inelastic scattering reaction with DWBA calculations, and is found to 
be 2.7 i 0.7 MeV. This resul t  is found to be relat ively insensitive to the details of the spin-independent 
part of the optical model potential. 

R e c e n t  w o r k  with  d i r e c t  n u c l e a r  r e a c t i o n s  i n -  
v o l v i n g  3He p a r t i c l e s  has  s t i m u l a t e d  i n t e r e s t  in 
the  op t i ca l  p o t e n t i a l  fo r  3He. I t  has  been  found 
tha t  e l a s t i c  s c a t t e r i n g  da ta  can be  s a t i s f a c t o r i l y  
f i t t ed  with op t i ca l  m o d e l  c a l c u l a t i o n s  wi thout  i n -  
c lud ing  a s p i n - o r b i t  t e r m  [1-5]  and that  the  i n -  
c lu s ion  of such  a t e r m  has  a s m a l l  e f fec t  on the  
c a l c u l a t e d  d i f f e r e n t i a l  c r o s s  s e c t i o n s  [6]. Thus  
the  c h a r a c t e r  of the  3He s p i n - o r b i t  po ten t i a l  i s  
not  we l l  e s t a b l i s h e d .  

The  3He s p i n - o r b i t  p o t e n t i a l  could  be ob ta ined  
f r o m  e l a s t i c  p o l a r i z a t i o n  m e a s u r e m e n t s ,  but  
n e i t h e r  p o l a r i z e d  ion s o u r c e s  no r  good p o l a r i z a -  
t ion a n a l y z e r s  a r e  c u r r e n t l y  a v a i l a b l e ,  and r e c e n t  

3 d o u b l e - s c a t t e r i n g  e x p e r i m e n t s  with He have  
been  s u b j e c t  to v e r y  l a r g e  u n c e r t a i n t i e s  [7,8]. 

3 The  p r e s e n t  w o r k  i s  a s tudy of the  He s p i n - f l i p  
p r o b a b i l i t y  [9] exp lo i t i ng  the  f ac t  that  only 0 + -~ 2 + 
i n e l a s t i c  s c a t t e r i n g  e v e n t s  i n v o l v i n g  a s p i n - f l i p  
a long  the ax i s  p e r p e n d i c u l a r  to the  r e a c t i o n  p l ane  
can g ive  r i s e  to g round  s t a t e  d e e x c i t a t i o n  y r a y s  
a long  th is  ax i s .  T h i s  type  of e x p e r i m e n t  i s  in 
many  ways  s i m i l a r  to an i n e l a s t i c  p o l a r i z a t i o n  
m e a s u r e m e n t  and p r o v i d e s  an a l t e r n a t i v e  way of 
e s t i m a t i n g  the  3He s p i n - o r b i t  po ten t i a l .  

A b e a m  of 22.5 MeV 3He p a r t i c l e s  was  u s e d  
to b o m b a r d  a 225 p g / e m  2 c a r b o n  foi l .  G a m m a  
r a y s  w e r e  d e t e c t e d  with  a 10 x 10 cm 2 NaI(T1) 
c r y s t a l  p l a c e d  d i r e c t l y  above  the  t a r g e t .  The  
3He p a r t i c l e s  w e r e  d e t e c t e d  in c o i n c i d e n c e  with  
the  7 r a y s .  A dE/dX-E  t e l e s c o p e  was  u s e d  to 
s e p a r a t e  the  3He p a r t i c l e s  f r o m  a p a r t i c l e s  
p r o l i f i c a l l y  p r o d u c e d  by the  12C(3He, a )  r e a c t i o n .  

The  a b s o l u t e  d e t e c t i o n  e f f i c i e n c y  of the 7 - r a y  
d e t e c t o r  was  m e a s u r e d  to an a c c u r a c y  of about  
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2.5% by methods described elsewhere [I0]; it is 
somewhat in disagreement with Monte Carlo cal- 
culations [Ii]. 

Fig. 1 shows DWBA predictions and our ex- 
perimental results. Statistical and background 
subtraction errors are indicated by the error 
bars. There is also an estimated 6% systematic 
error in the absolute normalization of dcT/d~ due 
primarily to uncertainty in target thickness. The 
error bars on the spin-flip probability include 
errors due to statistics, background subtraction 
and peak extraction, absolute 7 detection effi- 
ciency, and uncertainties in the relative popula- 
tions of the m = 0 and ±2 magnetic substates of 
12C(4.44). The spin-flip data points were cal- 
culated assuming equal population of the latter. 

The first set of optical model parameters 
given in fig. 1 was obtained by fitting the elastic 
data with an optical model computer program 
written at this laboratory [12]. The other sets 
were obtained from 20 MeV forward-angle elas- 
tic scattering data on 12C by Mangelson [13]. 
The results of DWBA calculations using these 
parameters are shown in fig. I. The calculations 
were performed with a computer program writ- 
ten by Sherif and Blair [14], using a deformed 
spin-dependenot potential of the full Thomas form, 
i . e . ,  (l~/m~c)~Vso a. [ [To(r) x V/j], w h e r e  p(r) 
i s  the n u c l e a r  m a t t e r  dens i ty  funct ion .  It  was  
found that  the  d e f o r m a t i o n  of the s p i n - o r b i t  po -  
t en t i a l  has  a n e g l i g i b l e  e f fec t  in our  a n a l y s i s .  A 
d e f o r m a t i o n  ~2 = 0.6 was  u s e d  in a l l  the c a l c u l a -  
t ions  shown.  

As  s e e n  in f ig.  1, the  e l a s t i c  c r o s s  s ec t i on  is  
f a i r l y  w e l l  f i t t ed  by p a r a m e t e r  se t  1 whi le  s e t s  2 
and 3 p r o d u c e  only q u a l i t a t i v e  f i t s .  The  i n e l a s t i c  
c r o s s  s ec t ion  da ta  a r e  p o o r l y  f i t t ed  by a l l  t h r e e  
s e t s  of p a r a m e t e r s .  F u r t h e r ,  the  i n e l a s t i c  c r o s s  
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Fig.  1. 12C(3He, 3He~) e last ic  and ine last ic  d i f fe ren t ia l  
c r o s s  s e c t i o n s  f r o m  e x p e r i m e n t  and DWBA c a l c u l a t i o n s  
a r e  shown in the u p p e r  p o r t i o n  of the f i gu re ;  s p i n - f l i p  
p r o b a b i l i t y  d a t a  and c a l c u l a t i o n s  a r e  shown be low.  
Note tha t  op t i ca l  p a r a m e t e r s  g iv ing  v e r y  d i f f e r e n t  i n -  
e l a s t i c  c r o s s  s e c t i o n s  p r e d i c t  s i m i l a r  s p i n - f l i p  p r o b a -  
b i l i t i e s .  The p a r a m e t e r  s e t s  a r e :  SET 1: V = 172 MeV, 
W S  = 9.7 MeV, r 0 = 1.23 fm,  r i = 1.48 fro, a 0 = 0.725 
fm,  a i =  0.960 fm; SET 2 : V - 1 4 6  MeV, W S -  36.5 
MeV, r 0 = r i = 1.25 fro, a 0 = 0.65 fro, a i = 0,47 fm;  
SET 3: V =  220 MeV, W =  12.4 MeV, r 0 = 1.16 fm,  

r i = 1.55 fm,  a 0 = 0.60 fm,  a i = 1.05 fro. 

sect ions  for the three  sets  differ in magnitude 
among themselves ,  especia l ly  at  back angles.  
No effort was made to force  a fit to the ine las t ic  
d~/d~2 at the expense of the elast ic .  

The poor fi ts  may be an indicat ion of channel -  
coupling effects or of compound nuc lea r  or other 
competing react ion mechan i sms .  However, in 
view of the s izable  deformat ion p a r a m e t e r  for 
12C, it is  likely that the fi ts  to the ine las t ic  
c ross  sect ions  can be improved by pe r fo rming  
coupled-channel  calculat ions .  An at tempt  is  cu r -  
rent ly  made by_ Asoussa  et al.  [15] to analyze 
lower -ene rgy  3He + 12C angular  cor re la t ion  and 
sp in- f l ip  data in this way. 

The lower pa r t  of fig. 1 shows the calculated 
spin-f l ip  probabi l i t ies  for the th ree  sets  of pa-  
r a m e t e r s .  Rather  su rp r i s ing ly ,  the sp in- f l ip  
predic t ions  of these potent ia ls  agree  fa i r ly  well. 
In pa r t i cu la r ,  the difference in the predic t ions  
for the height of the beck-angle  peak is  equivalent  
to that produced by a var ia t ion  in the sp in -o rb i t  
potential  of about 25%. This  i l l u s t r a t e s  an effect 
which has been fo~nd in DWBA calcula t ions  with 
both protons and ~He pa r t i c l e s  in this  energy 
region: the back angle peak in the spin-f l ip  
probabi l i ty  is an invar iab le  fea ture  of the ca lcu-  
lation,  and i ts  height is  re la t ive ly  insens i t ive  to 
var ia t ions  of all  of the optical model p a r a m e t e r s  
except VSO. 

Fi ts  to the spin-f l ip  probabi l i ty  data can be 
obtained cons is ten t  within unce r t a in t i e s  in optical 
potent ia ls  and exper imenta l  data for VSO = 2.0 to 
3.5 MeV. The best  fit to the data occurs  with 
VSO = 2.7 MeV. This potent ial  is cons is tent  with 
the 3.5 MeV upper l imi t  on the 3He sp in -o rb i t  
potential  set  by Hutson et al. [8], and with ca lcu-  
la t ions  per formed  by Kunz [16]. It  is  a lso cons i s -  
tent with a 1/A dependence for  the sp in -o rb i t  
potent ial  s ince the proton potent ia l  is about 7 
MeV. It is very  des i rab le  to repeat  these  m e a s -  
u r e m e n t s  on a nucleus  other than 12C in order  to 
ver i fy  the above conclusions  concern ing  the 3He 
sp in -o rb i t  potential .  

We a re  grateful  to J. Eenmaa,  T .D.  Hayward, 
R. Lewis and J. R. T e s m e r  for  a s s i s t a n c e  in the 
exper imenta l  aspects  of this work. We a re  in -  
debted to P ro fes so r  F. H. Schmidt for his advice, 
a s s i s t ance ,  and encouragement ,  and to P ro fe s so r  
J. S. Bla i r  and Mr. H. Sherif  for helpful conve r sa -  
t ions and the use  of their  p rogram.  
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