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Mechanism for double-charge exchange in heavy ion reactions
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The double-charge exchange reaction ~Ca('4C, '40)~Ar is studied in terms of a two-step mecha-
nism associated with the independent excitation of target proton and neutron pairing modes. Mac-
roscopic pair-transfer form factors are employed in the coupled-channel analysis.

An important aspect of the description of the nuclear
many body problem in terms of elementary modes of exci-
tation is explored by the study of the multiple excitation
of these degrees of freedom in collision experiments. In
the case of pair transfer modes, for example, considerable
theoretical and experimental work has been devoted to in-
vestigating the transfer of more than one pair of nucleons
in reactions induced by heavy ions. ' To the same class of
experiments belong double-charge exchange processes like
the (' C, ' 0) reaction on Ca measured by Drake et al. ,
which exhibits surprisingly large cross sections leading to
the 0+ and 2+ final states in Ar. A first attempt to ac-
count for these data in terms of pairing modes was report-
ed in Ref. 3, where it was suggested as a mechanism for
the reaction the simultaneous one-step excitation of the
neutron and proton modes. In this case the transition was
ascribed to the interaction between the two different nu-
cleon pairs. The results of these calculations, which un-
derestimated the observed cross sections, seem to rule out
the one-step process as the leading reaction mechanism.

Our approach to the problem is still based on the idea
of treating the residual Ar target as a double-phonon
state mounted over a Ca core. However, we consider the
observed cross sections to be mostly built up from the ex-
citation of these modes as independent degrees of free-
dom. An indication favoring such a two-step description
was provided by the appreciably large cross sections mea-
sured in the same experiment for the intermediate two-
proton pickup reaction Ca(' C, ' 0) Ar.

Since the quadrupole state at 2.17 MeV in Ar was
populated with a probability comparable to that of the
ground state, the low-lying 2+ states were included in the
analysis as intermediate channels in both Ar and Ca.
A sketch of the different routes considered in the calcula-
tion is given in Fig. 1. As indicated in the figure, the as-
sumption of independent proton and neutron modes leads
to the use of the same coupling matrix elements for each
basic transition, independent of the fact that the other re-
action may or may not have taken place.

The first step of the analysis is the description of the
two-particle transfer processes to be subsequently used as
intermediate steps in the full calculation. For this pur-
pose we make use of the model description introduced in
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FIG. 1. Sketch of the different channels and couplings used
in the description of the Ca(' C, ' 0) Ar reaction.

Ref. 4. Here the relevant couplings are attributed to the
nuclear mean fields inducing generalized transitions be-
tween the single-particle components in the correlated pair
states. This point of view effectively uncouples the excita-
tion of projectile and target modes and allows for the in-
troduction of product wave functions. As a practical as-
pect, the identification of a local pair transition density
also leads to a simgle operational framework which paral-
lels the one conventionally used for inelastic excitations.
In what follows we shall assume that the observed cross
sections are mostly determined by the excitation of the
target modes.

The values of the pairing deformation parameter P~ can
be extracted from the magnitudes of the measured cross
sections. Results obtained from calculations for the pro-
ton pair A, =O and A, =2 pickup reactions are shown, to-
gether with the data, in Fig. 2. To generate the optical
distorted wave functions we have used the standard real
potential from Ref. 5. The same geometry but a strength
about ten times lower (cf. the figure caption) was used for
the imaginary part, consistent with the surface tran-
sparency characteristic of light-ion induced reactions.
The results of the calculations have been averaged over
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FIG. 2. Angular distributions obtained for the excitation of
the 0+ and 2+ states in the ~Ca(' C, ' 0)' Ar reaction. Experi-
mental data are from Ref. 2. The calculated cross sections are
averaged over 50=+5'. A %'oods-Saxon optical potential has
been used with parameters V= —49.2 MeV, r„=r=1.164 fm.
a„=a=0.63 fm, and W'= —3.5 MeV. See the text for the

coupling potentials.

68=+5', partly to account for the experimental resolu-
tion and partly to stress the fact that we only aiin at a
description of the absolute magnitude of the cross sections
and are not interested in details of the angular distribu-
tions. The values p~=3 and p~=3.6 were used for the
A, =O and A, =2 transitions, respectively. These quantities,
which give a measure of the collectivity induced by the
pairing correlations, are comparable to values found in
other nuclei. Note, however, that the procedure used to
obtain these values may include also the same possible ad-
mixture of excitation of projectile pair modes. For the
neutron pair transfer, independent experimental evidence
is not available to determine the value of pz, which in this
analysis therefore remains as a sealing parameter. We
have used Pz

—3.6.
Having fixed in this way the coupling interactions for

FIG. 3. Angular distributions obtained for the excitation of
the 0+ and 2+ states in the ~Ca(' C, ' O)~Ar reaction. Experi-
mental data are from Ref. 2. The calculated cross sections are
averaged over AI9=+5'. For the optical potential see the cap-
tion to Fig. 2.

each single step, the full calculation for the double-
exchange process has been performed making use of a
standard coupled channel code within the coupling
scheme displayed in Fig. 1. The resulting cross sections
for the population of the 0+ and 2+ final states are shown
together with the data in Fig. 3, again averaged over
b,8=+5'. The calculations account for the correct order
of magnitude. A major effect in the resulting cross sec-
tions is due to the coherent contribution of the different
routes leading to the final states. For example, leaving
aside the intermediate 2+ states in the coupled-channel
calculation reduces the angular distributions by a factor of
-3. We have also noticed that the absolute magnitude of
the cross sections is rather sensitive to the choice of opti-
cal parameters.

To summarize the present paper, a satisfactory under-
standing of the absolute magnitude of the double-charge
exchange process in the heavy ion reaction

Ca(' C, ' 0) Ar can be obtained by a reaction mecha-
nism based on the independent excitation of proton and
neutron pair modes. The couplings to these modes have
been expressed in terms of macroscopic pair-transfer form
factors, with strength parameters comparable to values
found in other nuclei.
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