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Following the observation by our group1 of strong 

radiative capture transitions to highly excited states 

in light nuclei, we have continued to investigate the 

features of these reactions in the 24-80 MeV range. 

Some of the early qualitative ideas generated by our \ 0.S.u. y9 

initial  experiment^^,^ have been put on a firmer, more 

quantitative footing during the past year through both 

our own effort s49 and the theoretical and experimental 

work of other groups6'8. The most significant results 

at this point are the following: a) confirmation of 

the second-harmonic giant resonance; b) evidence for a I 

m I 

X 
third-harmonic resonance; and c) understanding of the 

detailed similarities between pairs of "identical" 

single-particle transitions in neighboring 

closed-subshell and closed-subshell plus one proton 

nuclei. These results will be described in the next 

few paragraphs. Previously reported suggestions of the 

(p,Y) reaction's sensitivity to simple single-particle 

final state~~s3,~ continue to be a useful guide in 

interpreting our observations. 

Our search for a giant resonance in 12c built on 

the lhw lp-lh excited states near 19 MeV had resulted 

in the discovery of a broad resonance in the 

11~(p,~19)12~* cross section at an excitation in 1% of 

about 42 MeV, i.e., just about the same energy above 

its final state as the ordinary GDR is above the ground 

state (see Fig. 1). Attempts were made to understand 

this result in the context of direct-capture mdels6 

but neither the energy dependence nor the magnitude of 

E, (MeV),,, 

Figure 1. Cross sections for proton capture to the 
ground state (Yo) and 19-MeV region (Ylg) of 12~. A 
direct capture calculation fits Yo, but fails to 
account for all the Ylg strength; addition of a 
semi-direct contribution at Ep=28.4 MeV is indicated. 

the experimental cross section, as further verified in 

a collaboration with the TUNL group,4 could be 

accounted for if only a direct mechanism were 

operating. Londergan and hdeking6 showed that a more 

reasonable description of the data did result, however, 

from the addition of a semi-direct resonance term. 

Preliminary data by Dowel1 et a1, ,7 in 28~i, and 

Anghinolf i et al., in 12c, indicate that there are 

giant resonances built on essentially every state in 

these nuclei. This scheme is illustrated in Fig. 2. 

This observation would appear to remove any remaining 
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with the p3/2 ho le ,  explains  the  s i m i l a r i t i e s  i n  s p e c t r a  

and suggests  more d e t a i l e d  s i m i l a r i t i e s  i n  such reac t ion  

pa i r s .  We e a r l i e r  r e p ~ r t e d ~ , ~ ~  on spectrum s i m i l a r i t i e s  

on o the r  p a i r s  of r eac t ions  [ 1 5 ~ ( p , ~ ) 1 6 0  and 

1 6 0 ( p , ~  ) 1 7 ~ ;  2 7 A l ( p , ~  ) 2 8 ~ i  and 2 8 ~ i ( p , ~ ) 2 9 ~ ] ;  more 

r ecen t ly ,  we re turned t o  the  12c-l 3~ p a i r ,  making 

q u a n t i t a t i v e  comparisons between corresponding 

t r a n s i t i o n s  i n  the  two nucle i .  We looked at two such 

t r a n s i t i o n  pa i r s :  a )  captures  t o  the  19 MeV (4') s t a t e  

of 12c  and t h e  3.55 M e V  (5/2+) s t a t e  of 1 3 ~ ,  both wi th  

d5/2 f i n a l  proton o r b i t s ;  and b) captures  t o  the  4.4 MeV 

(2+) s t a t e  of 12c  and t h e  1/2' ground s t a t e  of 13N, both 

wi th  p1/2 f i n a l  o r b i t s .  The shapes of the  angular  
Figure 2. Theore t i ca l  gamma-ray spec t ra  r e s u l t i n g  from 
a sequence of El g ian t  resonances. The i n t e n s i t i e s  of d i s t r i b u t i o n s  and the  analyzing powers f o r  each member 
var ious  f e a t u r e s  of the  E =SO MeV spectrum a r e  
highl ighted t o  show how t i e y  a r e  r e l a t e d  t o  the  assumed of the  corresponding p a i r s  a r e  i d e n t i c a l ,  w i th in  
y i e l d  curves. 

experimental u n c e r t a i n t i e s  (see  Fig. 3). Fur the r ,  t he  

doubts on the  resonant na tu re  of the  Ylg c r o s s  sect ion.  r a t i o s  of the  c ross  sec t ions  f o r  members of these  

I n  I ~ B ( ~ , Y ) ~ ~ C  spec t ra  taken a t  higher energies,10 t r a n s i t i o n  p a i r s  a r e  p red ic tab le  from a knowledge of the  

capture  s t r e n g t h  t o  f i n a l  s t a t e s  i n  the  v i c i n i t y  of the  spectroscopic  f a c t o r s  of the  f i n a l  s t a t e s  involved. 

second harmonic resonance (-42 MeV) has a l s o  been seen. This l a t t e r  r e s u l t ,  which could be derived from a simple 

The y ie ld  curve f o r  these  capture  t r a n s i t i o n s  has been direct -capture  r eac t ion  p i c t u r e ,  p e r s i s t s  over a wide 

s tud ied  from Ep=45 MeV t o  70 MeV [ E , ( ~ ~ c ) = s ~  t o  80 range of energies ,  including resonance regions  where 

MeV]; i t  shows a very broad peak centered a t  about d i r e c t  capture  is c l e a r l y  of secondary importance. A 

E,=65 MeV. The da ta  a r e  being c a r e f u l l y  analyzed t o  "generalized di rect - -semi-direct"  p i c t u r e  which r e t a i n s  

determine the  cross  sec t ion  f o r  what appears t o  be a t h e  a b i l i t y  t o  desc r ibe  our ( q u a n t i t i t i v e )  comparisons, 

g i a n t  resonance on the  2Tiw "second harmonic," which but is much l e s s  r e s t r i c t i v e  i n  i ts  assumptions than the  

would then l i k e l y  be a 3Ew e x c i t a t i o n ,  o r  " th i rd  conventional d i r e c t  and semi-direct  models, has been 

harmonic" . developed; t h i s  p ic tu re ,  and the  experimental 

~ r n o l d ~  o r i g i n a l l y  pointed out the  s i m i l a r i t y  i n  comparisons themselves a r e  descr ibed i n  a forthcoming 

t h e  ~ ~ B ( ~ , Y ) ~ * C  and 2 ~ ( p , ~ ) 1 3 ~  spec t ra  from our e a r l y  publ icat ion.  

measurements, not ing t h a t  the  major t r a n s i t i o n s  i n  both Work is continuing on experiments t o  f u r t h e r  

cases  were t o  good s i n g l e - p a r t i c l e  s t a t e s  (lp-lh f o r  genera l i ze  these  r e s u l t s  by looking a t  a d d i t i o n a l  

12c, lp  f o r  13N) with  the  same o r b i t  f o r  the  captured nucle i .  Measurements a t  h igher  ene rg ies ,  which can be 

proton. Trea t ing  t h e  t a r g e t  nucleus a s  a spec ta to r  i n  uniquely performed a t  IUCF, a r e  a l s o  being pursued, as 

t h e  react ion,  which, i n  the  12c case only in t roduces  a r e  more complex capture  r eac t ions  (deuteron capture ,  

smal l  s p l i t t i n g s  of the  f i n a l  s t a t e s  due t o  coupling 3 ~ e  capture ,  e tc . ) ,  which should lead t o  a b e t t e r  
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Figure  3. Comparisons of angular  d i s t r i b u t i o n s  and analyzing powers f o r  corresponding t r a n s i t i o n s  i n  I ~ B ( ~ , Y ) ~ ~ C  

and 1 2 ~ ( p , ~ ) 1 3 ~ .  The c ross  s e c t i o n s  a r e  abso lu te  f o r  captures  i n t o  12c,  while those  i n t o  1 3 ~  a r e  normalized a t  
8y=70° f o r  d i r e c t  comparison of shapes. On the  l e f t  a r e  the  comparisons f o r  capture  of a f i n a l  s t a t e  p3/2 proton;  
on the  r i g h t ,  those  f o r  d5/2. 

understanding of both the  na tu re  of t he  f i n a l  s t a t e s  5) S.L. B l a t t ,  H.J. Hausman, L.G. Arnold, R.G. Seyler ,  
R.N. Boyd, T.R. Donoghue, P. Koncz, M.A. Kovash, 

involved i n  the  cap tu re  r eac t ions  and the  d e t a i l s  of A.D. Bacher, and C.C. Fos t e r ,  (submitted f o r  
pub l i ca t ion ) .  

t h e  capture  mechanism. These new s t u d i e s  w i l l  be a ided 
6) J. T. Londergan and L. D. Ludeking, Phys. Rev. C 25, 

by improvements i n  our d e t e c t o r  system, e s p e c i a l l y  the  1722 (1982); R. J. P h i l p o t t  and Dean Halderson, 
Nucl. Phys. A375, 169 (1982). 

r ecen t  i n s t a l l a t i o n  of a new Bicron 10" x 12" NaI(TR) 
7) D.H. Dowell, K.A. Snover, G. Feldman, A. Sandorf i ,  

c r y s t a l ,  which has produced an energy r e s o l u t i o n  of and M. Co l l in s ,  Bull. Amer. Phys. Soc. 27, 731 
( 1982). 

2.1% a t  Ey=40 MeV and a t ime-of- f l ight  r e so lu t ion  

b e t t e r  than 2 nsec. 
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