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D i f f e r e n t i a l  c ross  s e c t i o n  and analyzing power s t a t e s  wi th  Jf 6 2 a r e  p red ic t ed  t o  be populated. The 

measurements f o r  t he  l3 ~ ( ~ , d )  r e a c t i o n  a t  120 MeV presence of the  odd p a r i t y  s t a t e s  a t  9.64 MeV (3') and 

bombarding energy have been obtained f o r  t he  f i n a l  

s t a t e s  i n  1 2 c  a t  12.71, 14.08, 15.11, 16.11, 16.58, 

17.76, 18.13, 18.80, 19.9, 20.3, and 20.6 M ~ v . ~  The 

cu r ren t  experiment used the  QDDM spectrometer and 

po la r i zed  proton beam and these  da ta  complement those  

from a  s i m i l a r  experiment done previously  a t  t he  IUCF 

i n  conjunct ion wi th  a  1 3 ~ ( p , p  ') run.2 I n  t h a t  

experiment,  s t a t e s  up t o  16 MeV were analyzed, but t he  

r e s o l u t i o n  was t y p i c a l l y  200-300 keV. Data were 

c o l l e c t e d  f o r  l abora to ry  angles  between 4" and 50". 

An o v e r a l l  r e s o l u t i o n  of 40-80 keV was obtained. 

Good agreement e x i s t s  between the  d i f f e r e n t i a l  c ross  

16.58 MeV (2'), and the  poss ib l e  presence of the  13.35 

MeV (2') s t a t e  thus i n d i c a t e  the  importance of h igher  

s h e l l  con t r ibu t ions  t o  the  13c ground s t a t e .  S h e l l  

model c a l c u l a t i o n s  by Jager  and Kirchbach, and G i l l e t  

and Vinh Mau4 i n d i c a t e  the  importance of the  (lp'l, l d )  

conf igu ra t ions  f o r  t he  9.64- and 16.58-MeV s t a t e s  and 

a n a l y s i s  of t he  1 2 c ( ~ , p  ') experiment by Comfort e t  a1. 

shows t h a t  t he  ( l ~ ~ / ~ ' l ,  ld512) and (lp312-1, 2s112) 

conf igu ra t ions  a r e  both necessary  f o r  t h e  reproduct ion 

of the  d i f f e r e n t i a l  c ross  s e c t i o n  of the  proton group 

popula t ing the  16.58-MeV s t a t e .  

Figure  1 shows t h a t  considerable  s t r u c t u r e  e x i s t s  

s e c t i o n s  and analyzing powers f o r  t he  deuteron groups above 16 MeV. I n  r ecen t  yea r s  much i n t e r e s t  has been 

popula t ing the  15.11 and 16.11 MeV s t a t e s  of 12c ,  which 

w e r e  measured i n  both experiments. 

The main ob jec t ive  has been t o  ob ta in  informat ion 

on those  s t a t e s  i n  1 2 c  above 16 MeV t h a t  were ind ica t ed  

i n  the  e a r l i e r  run, and on the  na tu re  of t he  13c  ground 

s t a t e ,  i n  p a r t i c u l a r  i t s  r e l a t i o n s h i p  t o  the  

conf igu ra t ion  l2 c ground s t a t e  p lus  one neutron. 

The in t e rmed ia t e  coupling c a l c u l a t i o n s  of Cohen 

and &ra th3  p r e d i c t  t h a t  most of the  1~112  and lp3/2 

s i n g l e  p a r t i c l e  t r a n s f e r  s t r e n g t h  should l i e  i n  the  

ground, 4.44-, 12.71-, 15.11- and 16.11-MeV s t a t e s .  

The cu r ren t  r e s u l t s  a r e  cons i s t en t  wi th  t h i s ,  a s  a r e  
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those  a t  lower ene rg ie s  7 ~ 9 .  Since those  c a l c u l a t i o n s  Figure  1. Composite spin-up spectrum ( 3  spect rograph 
b i t e s )  taken a t  a l abora to ry  angle  of 30'. The numbers 

were done wi th in  a  lp - she l l  b a s i s ,  only even p a r i t y  g ive  e x c i t a t i o n  ene rg ie s  of t he  f i n a l  s t a t e s  i n  MeV. 



shown i n  i n t e rmed ia t e  energy (p ,d)  r e a c t i o n s  s i n c e  many 

more h igh  e x c i t a t i o n  s t a t e s  a r e  s i g n i f i c a n t l y  popula ted  

t h a n  a t  lower (Tp < 100 MeV) ene rg i e s ,  t hus  

p rov id ing  new spec t ro scop ic  da t a .  S tandard  DWBA 

a n a l y s e s  i n d i c a t e ,  however, t h a t  t he  r e a c t i o n  mechanism 

i s  not  simple,  and t h a t  mul t i - s tep  mechanisms may be 

impor tant .  There a r e  i n d i c a t i o n s  i n  t h e  p r e sen t  

experiment of t h e i r  importance i n  t h e  t r a n s i t i o n s  t o  

t h e  14.08-, 18.8-, and 20.6-MeV s t a t e s .  The shapes  of 

t h e s e  c r o s s  s e c t i o n s  show major d i f f e r e n c e s  from t h e  

o t h e r s .  Fu r the r ,  both t h e  14.08- and 20.6-MeV s t a t e s  

a r e  dominant a t  800 M ~ v , ~  but  a r e  only  weakly p re sen t  

(20.6 M ~ v ) ~  o r  absen t  (14.08 M ~ v ) ~  a t  ene rg i e s  of 

around 60 MeV. This  is  p a r t i c u l a r l y  s i g n i f i c a n t  f o r  

t h e  14.08 MeV s t a t e ,  s i n c e  i t  has a  spin-par. i ty of 4+, 

which would r e q u i r e  t h e  pick-up of a  I f712 neu t ron  i f  a  

s i n g l e  s t e p  mechanism were app rop r i a t e .  The absence of 

t h i s  s t a t e  a t  t h e  lower energy,  t o g e t h e r  w i th  t h e  

sugges t ed  importance of mu l t i - s t ep  mechanisms shows 

t h a t  l i t t l e  f7 /2  ampl i tude  e x i s t s  i n  t h e  1 3 c  ground 

s t a t e  wave func t ion .  

The c l u s t e r  of s t a t e s  a t  about 20 MeV has  been 

r e so lved  i n t o  t h e  19.9-, 20.27-, and 20.6-MeV s t a t e s  of 

Ref.  1. None of t he se  is  w e l l  known; however, a  

t e n t a t i v e  va lue  of 3' ha s  been a s s igned  t o  t he  20.6-MeV 

s t a t e ,  which is  c o n s i s t e n t  w i th  i t s  weak presence  i n  

t h i s  r e a c t i o n  a t  62 MeV. This  same value  has  r e c e n t l y  

been deduced from l l ~ ( ~ , ~ ' )  s c a t t e r i n g  d a t a  by Borchers 

e t  a1. ,lo who a l s o  g ive  a  1+ sp in -pa r i t y  assignment t o  

t h e  20.3 MeV s t a t e .  It is w e l l  known t h a t  ana lyz ing  

powers should be s e n s i t i v e  t o  t h e  j - t r a n s f e r  va lue  and 

t h i s  is  c l e a r l y  s een  i n  t h e  jt = 1/2 and 3/2 t r a n s f e r s .  

An i s o s p i n  dependence is a l s o  ev iden t  f o r  t r a n s i t i o n s  

of  t he  same j - t r a n s f e r  w i th  t h e  ana lyz ing  powers of 

deu t e rons  t o  T=l s t a t e s  being somewhat weaker 

( e s p e c i a l l y  f o r  jt = 112) than  t hose  f o r  T=O s t a t e s .  
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Figu re  2. Analyzing powers measured f o r  19.9- and 
20.3-MeV s t a t e s ,  and a l s o  t h e  ground s t a t e  (o+;T=o) 
and 17.76 ( o + ; T = ~ )  MeV s t a t e s  of 12c.  

Comparisons between t h e  19.9-MeV and 20.3-MeV s t a t e s  

and t h e  17.76-MeV s t a t e  ( o + ; T = ~ )  and ground s t a t e  

(o+; T=O) ana lyz ing  powers sugges t  t h a t  an  assignment 

( jn ;T)  = (0+;1) should  be made f o r  both t h e  19.9 and 

20.3-MeV s t a t e s .  F u r t h e r  a n a l y s i s  is  proceeding.  
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170(;, t)150 at Ep = 90 MeV AS A TEST FOR SEQUENTIAL PICKUP ASPECTS 
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Zero or finite range one-step DWBA calculations for our (p, t) experiment as the nuclear wave functions 

for two-nucleon transfer processes can account for near the p-shell closure are considered to be well 

angular distributions and their L dependence as well as 

for effects due to selection rules. However, one does 

not reproduce absolute cross sections or the observed J 

dependence of analyzing powers for a given L using even 

very sophisticated one-step approaches. Recent 

analyzing power measurements (*O~P~(;,~), 48~a(;,p) 

[Ref. 11, and 90~r(;,t) [Ref. 21 could be understood 

qualitatively by including important sequential 

transfer channels explicitly. To study the effects of 

sequential two-nucleon transfer mechanisms at medium 

energy in a simple nucleus, we chose 170 as a target 

understood. The measurements were made with the IUCF 

QDDM Spectrometer using Si02 targets enriched to 55% 

170, 25% 180, and 20% 160. In order to distinguish 

final states of 150 from those of 160 we also took data 

with an almost pure 180 target (Si02 enriched to 95% 

180). The beam energy (Ep=90 MeV) was chosen to match 

the capabilities of the magnetic spectrometer. The 

average beam polarization was about 75% for both spin 

directions. 

The triton spectrum for the two momentum bites of 

the spectrograph taken at Olab = 10" is shown in Fig. 1. 

Figure 1. Triton spectrum from 

17, 18~(;,t)15y 160 for the two spectro- 
graph settings at OLab=lOO. 
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