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SELECTIVITY OF THE ( I ~ c ,  ' 3 ~ ) ,  ( I 3 c ,  l 3 ~ )  AND ( 1 2 c ,  1 2 ~ )  REACTIONS AT 
30 MeV/n 

W. VON OERTZEN, E. ADAMIDES, H.G. BOHLEN, A. MICZAIKA, 
E. STILIARIS, M. BUENERD* , J. CHAWIN* , D. LEBRUN* , 
J.Y. HOSTACHY', Ph. MARTIN*, G. PERRIN* and P. DE SAINTIGNON' 

Hahn-Meitner-Institut, 0-1000 Berlin 39, F.R.G. 
'Institut des Sciences Nucleaires, 53, Avenue des Martyrs, 
F-38026 Grenoble, France 

Abstract - Charge exchange reactions induced by 12c and 13c are discussed on 
a 12C target nucleus. Comparison of cross sections for the population of 
dicrete states and of the continuum gives information which determines the 
selectivity of these reactions with respect to various modes with and with- 
out spin-flip. 

The reactions (13c,13N) and (12c,12N) offer new possibilities to study isovector 
modes in nuclei. The main interest lies in the possibility to realise "(n,p)" 
reactions with spin-flip (AS=l) and without (bS=O) at the same dynamical 
conditions. Experiments for these reactions haye pgen perforyed t the accelerators 
SARA (Orenoble) and VICKSI (Berlin) for the ( C, N) and ( C,lPN) reactions. 

The results on the 12c target give a particularly cleer insigpb into the properties 
of these reactions, because the levels in the nuclei 2~ and B are well se ar ted 

1': P3 and their strucfyre -s well known. Inl igs. 1 to 3 we show spectra of the ( C, Yli 
(13c 13g) and ( c,~'N) reactions on 'i at 30 MeV/u. The translt~ons lead~ng to 
or "N as residual nuclei should be equal because these nuclei are mirror nuclei. 
There are several conspicuous differences in these spectra, which can be assessed in 
a quantitative way. The first point concerns the population of the spin-flip states 
1' and 2'. The Gampy-Teller transition (L=O, hs=l) leading to the 1' state is well 
separated in the ( C, N) spectra, it is observed as a shoulder in the two other 
cases. In order to compare the cross sections we calculate the Q-value dependence by 

m roscopic formfactor (see fig. 4). Because of the more negative Q-values 
:;:qlPC,fFB) and (12c,12N) reactions have less crosj section in the total spec- 
trym.lJhe cross sections for the 1' states at eCM=10 recalculated to the 
( C, N) Q-value are given for the most prominent peaks in table 1 For the spin- 
flip fsansitions these cross sections are favoured in the case of ( i 2 ~ , 1 2 ~ )  and 
(13c, B) and the non spin-flip transitions are extremely surpressed in the case of 
(12c,12N). The cross sections of the two former reactions for the 1' and 2' states 
are very close and can be related-to the logft values of the corresponding p-decays 
("B logf =4.q2 "N logft =4.1, "N logft=3;7), they compare favorable with results 
for for (12c, N) at 35 MeV/u (ref. 1). 

Table 1: Cross sections for transitions leading to final states of 128 and 12N at 
ecm = 1 6  

2- 

120 120 
30 162 
170 9.20 200 1080 

reaction 1' 

(13c,13N) 25 25 
12c,12N) 6 38.8 
[13C,13B) 12 16 

2' o 
80 80 
3.4 10.9 
35 112 
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Z cross sections corrected to the Q-value of the (13c,13N) reaction. Units are 
[pb/sr]; The spin assignments are for the prominent peaks. 
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The second important point is the population of higher lying states and the continu- 
um. We have made calculations for the three body continua assu 'ng that the main 
strenshh f ~ l f ~ l & p , n )  reaction passing through states of "N or 'IN for the 
( C, N* , N+n) reaction) will come from states with properties like the 
Giant Dip01 resonance these are located at ca. 22.5 MeV and we use a width of 5 MeV. 
The three body continuum is calculated with a program which has been described in 
ref. 2. The fit is made in such a way that the continuous part of a spectrum exten- 
ding to high excitation is fully reproduced (see figs. 1-3). The cur s in the figu- 
res for the "background" are such calculations. In the case of (13C,reN) it is also 
posf2ble to get a different shape of the background by a structured (p,n) strength 
In N. However, inspection of all three spectra suggest that the continuum we ob- 
serve in the three spectra - i.e. the particluar differences, can only be explained 
if we assume that the strength in the spectra is not due to pick-up decay contribu- 
tions but to the two body charge exchange reactions. The arguments are as follows: 

1) Comparison of (13c,13N) and and (12c,12N) spectra 
The pick-up decay cross sections must be given by states in 14N or 1 3 ~  which are 
are strongly populated by proton stripping and which decay by neutron emission 
(excitation function of (p,n) on the projectile in the case of "(n,p)" reaction 
and corresponding the (n,p) excitation function on the rojecti for "(p,n)" 
reactions). The reactions will not differ strongly for P2C and "C projectiles. 
the Q-valye difference is 5.8 MeV, the effect on the cross sections gives for ;he 
case of C induced reactions a factor 1.6 larger cross section. The experimental 
"background" cross section in the reaction (12c,12~) is however by a factor 20 
smaller that in the (13c,13N) case. 

2) Comparison of the (13c,13N) and (l3c,l38) spectra. In the case of (13c,13B) we 
obser e cross sections for discrete states (table 1) which are comparable to 
13 13 ( C, N) if we consider the non s in fli states like 2' and 1- (factor 2 for 

the mu1 tip1 icity difference h-idered and the correction for Q-value 
dependence). 

The spin-flip states are favoured in the (13c,13B) case by a factor 2. Using this 
information we would predict for the high lying states, the same average cross sec- 
tion for both reactions (using the calculated Q-value dependence, the difference of 
the total Q-value is ca. 15 MeV). This is actually observed as indicated for the 
BGD-cross sections in fig. 5. In this particular case the contributions from !be 
thre body continuum, pick-up of a neutron and decay by proton emission from C to 
for f3B, are likely to be completely negligible. Nevertheless the curves in fig. 2 



a[$ cpJculated by a three-body continuum c a l c u l a t i o n  i n  the  same way as i n  the  
( C, N) case i n  order t o  have a q u a n t i a t i v e  comparison. 

Fig. 3 

F ig .  4 - Q-value dependence o f  charge Fig. 5 - Experimental cross sect ions 
exchange react ions.  (angular d i s t r i b u t i o n s ) .  

We there fo re  conclude t h a t  the  d i f fe rences  i n  "background" i n  t h e  th ree  spect ra can 
be p e r f e c t l y  explained by t h e  d i f f e r e n t  o r  equal s e l e c t i v i t y  o f  t h e  two-body charge 
exchange react ions w i t h  t h e  i n c l u s i o n  o f  the Q- l u e  dependence o f  these react ions.  
The reduced cross sect ions i n  t h e  case o f  ( 2 ~ , Y 2 ~ )  are c o n s i s t e n t l y  explained by 
t h e  very s t rong s e l e c t i v i t y  w i t h  respect t o  s p i n - f l i p  t r a n s i t i o n  and t h e r e f o r e  num- 
bers o f  s ta tes  i n  t h e  continuum. The st ructure,  which we f i n d  a t  ca. 18-20 MeV exc i -  
t a t i o n  which looks l i k e  a g ian t  resonance i s  c o n s i s t e n t l y  observed i n  t h e  two reac- 
t ions,  where non s p i n - f l i p  s ta tes  are populated. This  s t r u c t u r e  could the re fo re  be 
due t o  the  g ian t  isovector  quadrupole resonance i n  mass 12. 

I f  we f i n a l l y  inspect  t h e  angular d i s t r i b ~ t i o n s  i n  f i g .  5 we f i n d  t h a t  t h e  d i f fe ren-  
ces between d i f f e r e n t  s ta tes  and the  two 3~ reac t ions  are small. Data w i t h  b e t t e r  
energy r e s o l u t i o n  and smaller angle steps are needed t o  d i s t i n g u i s h  shapes corres-  
ponding t o  d i f f e r e n t  mu1 t i  p o l a r i t y .  
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