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The (p,d) r eac t ion  seemed p a r t i c u l a r l y  we l l  

s u i t e d  f o r  e a r l y  experiments a t  IUCF. From t h e  

t h e o r e t i c a l  s tandpoin t ,  s i ng l e -pa r t i c l e  t r a n s f e r  

r eac t ions  a r e  r e l a t i v e l y  we l l  understood a t  lower 

energies ,  and were a l o g i c a l  choice f o r  good- 

r e so lu t ion  s t u d i e s  i n  t he  h igher  momentum- 

t r a n s f e r  region a v a i l a b l e  a t  IUCF. From t h e  ex- 

perimental  s tandpoin t ,  t he  magnetic spectrograph 

system a t  IUCF is  pushed t o  i ts  r i g i d i t y  l i m i t  

f o r  de t ec t ion  of deuterons a t  proton energies  of 

135 MeV, so  t h i s  r eac t ion  could provide a good 

e a r l y  t e s t  f o r  r e so lu t ion  and c a l i b r a t i o n  

l i m i t a t i o n s  a t  f u l l  spectrograph f i e l d s  while t he  

beam energy was s t i l l  a t  a  modest l e v e l .  

The i n t e n t  of t he  present  experiment is t o  

study h igher  e x c i t a t i o n  s t r u c t u r e  i n  2 7 ~ i  and 

2%g. E a r l i e r  work on t h e  2 8 ~ i  (p,d) r e a c t i o n  i n  

t he  IUCF energy range had been repor ted  by 

Bachelier  e t  a l . l l a t  156 MeV and by Ktlllne and 
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~ a ~ e r s t r o m ~ )  a t  185 MeV. The lower p a r t  of Fig.  1 ( l e f t )  

2)  shows the  b e s t  r e s u l t s  obtained a t  Uppsala , i nd i ca t ing  

prominent peaks up t o  about 18  MeV e x c i t a t i o n  with 

widths comparable t o  t h e  Uppsala experimental re-  

so lu t ion  of about 300 keV. It was of i n t e r e s t  i n  t h e  

present  experiment t o  s ee  t he  e f f e c t  on these  peaks of  

improved r e so lu t ion ,  and t o  t r y  t o  determine the  

charac ter  of t he  groups seen a t  high e x c i t a t i o n s  which 

have not  been acces s ib l e  f o r  s tudy a t  lower energies  

because of t h e  l a r g e  negat ive  Q value.  

Resul t s  obtained wi th  t h e  QDDM spectrograph a t  

97 MeV gave an o v e r a l l  r e so lu t ion  of  about 90 keV FWHM. 

An 80 composite spectrum i s  displayed i n  t he  upper 

p a r t  of Fig. 1 f o r  comparison with t he  185 MeV 

Uppsala data.  A s  an example, t h e  2.65- and 2.86 MeV 

s t a t e s  a r e  f u l l y  resolved.  The peak shown a t  10.01 MeV 

e x c i t a t i o n  is the  h ighes t  e x c i t a t i o n  peak seen which is 

s t i l l  a s  narrow a s  t he  experimental r e so lu t ion .  The 

135 MeV r e s u l t s  a r e  q u i t e  s imi l a r ;  wi th  an o v e r a l l  
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Figure 2. Figure 3 .  



FWHM reso lu t ion  varying from 100-150 keV, t h e  

2.65 and 2.86 MeV s t a t e s  a r e  s t i l l  f a i r l y  w e l l  

resolved. 

The e x c i t a t i o n  region from the  break i n  t h e  

v e r t i c a l  s c a l e  a t  about 7 MeV e x c i t a t i o n  i n  Fig. 1 

t o  the  l a s t  prominent peak seen a t  12.50 MeV is  

shown on a s i n g l e  spectrograph f o c a l  plane swath 

i n  Fig. 2. The e x c i t a t i o n  energies  shown were 

assigned i n  t h i s  experiment by combining the  97- 

and 135 MeV r e s u l t s .  It should be emphasized t h a t  

t he  mir ror  nucleus 27~1  has about 50 known 

l e v e l s  i n  t he  region between 6.34 and 8.65 MeV 

exc i t a t i on ,  and a t  l e a s t  37 between 11.84 and 

12.50 MeV. A major goal  f o r  t h i s  experiment is 

t o  determine t h e  charac ter  of t he  s i x  o r  seven 

r a t h e r  dramatic peaks i n  Fig.  2 which a r e  

s e l e c t i v e l y  exc i t ed  by t h i s  reac t ion .  

To provide comparisons of momentum-transfer 

dependence of t he  peaks a t  h igher  e x c i t a t i o n s ,  

prel iminary angular  d i s t r i b u t i o n s  f o r  t he  known 

low-lying s t a t e s  i n  2 7 ~ i  have been ex t r ac t ed .  

Sample angular  d i s t r i b u t i o n s  a t  97 MeV a r e  shown 

i n  Fig. 3 f o r  R=O, 1, and 2 t r a n s f e r s  . The 

curves a r e  simply guides t o  t he  eye. The one 

known R=O t r a n s i t i o n  shows a pronounced o s c i l l a -  

t i o n  superimposed on a c ross  s e c t i o n  dropping 

about a f a c t o r  of  75 over t he  angular  range 

covered (80 t o  4S0 l a b ) .  A s i m i l a r  drop is  

shown f o r  t he  R - 1  and R=2 (ground s t a t e )  cases ,  

with a d i f f e r e n t  o s c i l l a t o r y  shape. The 2.16 MeV 

s t a t e  has  been assigned 7/2+ by o the r  experiments, 

and is  presumably reached by a two-step process.  

Shown f o r  comparison a t  t he  bottom is an un- 
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usual  angular  d i s t r i b u t i o n  obta ined  f o r  a group 

corresponding t o  an  e x c i t a t i o n  energy of 7.26 MeV 

i n  27~i .  The shape sugges ts  t h a t  i t  corresponds t o  

a h igher  R t r a n s f e r ,  o r  r e s u l t s  from another  mechanism. 

Figure 4 shows a s i m i l a r  summary of angular  

d i s t r i b u t i o n s  of  known s t a t e s  obtained a t  fewer angles  

f o r  135 MeV bombarding energy. Addit ional  s h i f t s  a r e  

scheduled t o  f i l l  i n  add i t i ona l  po in t s  on these  

angular  d i s t r i b u t i o n s .  Absolute c ross  s ec t ions  a r e  a 

lower l i m i t  i n  Fig.  4 s i n c e  dead-time co r r ec t ions  

have n o t  been applied.  At t h i s  energy t h e  momentum 

t r a n s f e r  range covered is  150 ~ e V / c  t o  500 M ~ V / C .  

The R=2 t r a n s i t i o n s  here  drop by f a c t o r s  of about 100- 

500 over t he  observed angular  range, and t h e  o s c i l -  

l a t i o n  is  l e s s  pronounced. The R = l  t r a n s i t i o n s  s t i l l  

show a modest kink wi th  a s i m i l a r  absolu te  drop. A 

f a i r l y  prominent R=O o s c i l l a t i o n  is  a l s o  i nd i ca t ed .  

The maximum i n  t he  angular  d i s t r i b u t i o n  f o r  t he  2.16 

MeV s t a t e  again occurs a t  a momentum t r a n s f e r  near  

200 M ~ V / C .  As a t  97 MeV t h e  group a t  7.26 MeV ex- 

c i t a t i o n  seems t o  show a much smaller s lope  than t h e  

o the r s  . 



Angular d i s t r i b u t i o n s  have a l s o  been obtained 

f o r  t he  h igher  peaks (up t o  7.86 MeV a t  97 MeV, 

12.50 MeV a t  135 MeV), sub jec t  t o  considerable 

unce r t a in t i e s  i n  sub t r ac t ion  of t he  continuum. 

With a few exceptions,  most of these  angular  d i s -  

t r i b u t i o n s  drop r ap id ly  a t  135 MeV, and i t  w i l l  

l i k e l y  be d i f f i c u l t  t o  determine unique sp in  

assignments a t  t h i s  energy. The s i t u a t i o n  i s  

more promising f o r  t he  97 MeV r e s u l t s ;  f u r t h e r  

ana lys i s  is  i n  progress.  

Spectroscopic f a c t o r s  f o r  t r a n s i t i o n s  t o  

s t a t e s  i n  2 7 ~ i  have been ca l cu l a t ed  by Sven 

Maripuu3) i n  a l a r g e  shell-model space. The prom- 

nent  peaks i n  t he  region of 7-13 MeV e x c i t a t i o n  

a r e  cons is ten t  wi th  l a r g e  clumps of 1pgl2 pick- 

up s t r eng th  predic ted  i n  h i s  ana lys i s .  DWUCK 

ca l cu l a t i ons  a r e  now i n  progress t o  provide 

more q u a n t i t a t i v e  comparisons with t he  angular  

d i s t r i b u t i o n s  i n  Figs. 3 and 4. 

Prel iminary e x c i t a t i o n  spec t r a  a t  8O l a b  

have a l s o  been obtained f o r  2 4 ~ g ( p ,  d) a t  97 MeV 

and 135 MeV. Addit ional  s h i f t s  have been ap- 

proved t o  ob ta in  angular  d i s t r i b u t i o n s  f o r  t h i s  

r eac t ion  a t  97 MeV. 
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