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A treatment of heavy ion charge exchange reactions based on the Glauber approximation is presented. It is
applied to the analysis of the reactions 12C(13C,13N)12B, 12C(13C,13B)12N, and 12C(12C,12N)12B at intermedi-
ate energies. Overall agreement is found on the basis of a model whose ingredients are the experimental
nucleon-nucleon scattering amplitudes, the phenomenological nuclear densities, and the transition densities
derived from microscopic nuclear structure models. �S0556-2813�99�03604-3�

PACS number�s�: 24.10.�i, 25.70.Kk

A considerable amount of experimental data on charge
exchange processes in intermediate energy heavy ion colli-
sions is now available and more is expected with the new
facilities. By suitable choice of projectile and target, they can
allow convenient tests of the isovector channel of the effec-
tive interaction useful for the analysis of Fermi and Gamow-
Teller transitions. In the past years, several heavy-ion charge
exchange reactions have been described within semimicro-
scopic approaches in which the charge-exchange form fac-
tors are calculated from microscopic interaction but the rela-
tive motion is described in terms of phenomenological
optical potentials �1,2�.
Since it is well known that high energy scattering pro-

cesses are dominated by nucleon-nucleon collisions, in the
present work we describe the charge exchange process on the
line of the Glauber approximation �3� where the nucleus-
nucleus collision is fully microscopically described. Success-
ful applications of the model have been previously obtained
for a variety of elastic and inelastic heavy ion data at inter-
mediate energies �4�. Another encouraging aspect of the
Glauber-like approaches is that their parameter-free nature
makes them particularly suited to predict the gross features
of reactions, also in regions where there is no previous
knowledge of heavy ion scattering data, a fact which is im-
portant when planning new experiments.
In this paper a formalism to deal with charge exchange

heavy-ion reactions based on the Glauber approximation is
developed. We will assume that, at high energies, these re-
actions are dominated by one step processes �6�. The formal-

ism is here applied to reactions where the projectile as well
as the target can be described as p-shell nuclei. The choice of
this region is made on the basis of the fact that the same
nuclear structure �shell-� model can be used for projectile
and target systems and that there exists a simple nuclear
interaction �5� that has been extensively and successfully
used to account for a large amount of spectroscopic data. The
reactions studied cover a range of projectile, targets and final
states that allow a good appraisal of some of the features of
the charge exchange process.
In the one-step Glauber approximation, the scattering am-

plitudes of one-step charge exchange reactions (Aa→Bb),
for the momentum transfer � , can be expressed �7� in terms
of an integral on the impact parameter b

f Aa→Bb����ik�
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In the above expression, �(b) is the Coulomb phase shift,
i.e., �(b)�2i� ln(kb), and �(b) is the elastic phase shift
obtained from the central spin- and isospin-independent
nucleon-nucleon scattering �see below, Eq. �6��.
The details of the charge exchange transition are con-

tained in the matrix elements �LM
Aa→Bb(b). By making ex-

plicit the nuclear spin and isospin of target �residual� and
projectile �ejectile� systems these charge exchange matrix el-
ements can be written in the form
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Charge-exchange scattering amplitude in the Glauber approximation: 
the problem of the proportionality of the cross section with  
the matrix elements 



Example: population of 208Tl via (13C,13N) reaction 

Approach: 
 structure: RPA calculation (strength and transition density for  

L=0,1,2,3) 
 dynamics: Glauber model for charge-exchange processes 

Obs: (13C,13N) transition favors non-spin flip 
   Fermi  over Gamow-Teller in 208Tl  

G. Colo`, S. M. Lenzi,  E. E. Maqueda, and A. Vitturi,  
PHYSICAL REVIEW C 67, 044306 2003 
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208Pb(13C,13N)208Tl   E/A=60 MeV 

Calculated excitation  
function: 

contribution of 
different 

multipolarities 
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Transition densities: radial behaviour 

Dipole charge-exchange 
response in 208Tl 

Transition densities for 
three selected dipole 
states 
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208Pb(13C,13N)208Tl   E/A=60 MeV 

Charge-exchange cross section vs strength 


