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STUDY OF REACTION MECHANISMS IN HEAYY ION
REACTIONS AT ~ 20 MeV/NUCLEON

H. Machner
Institut fiir Kernphysik, Kernforschungsanlage Jiilich
D-5170 Jiilich, W. Germany

The nucleus-nucleus interaction is of special interest in the region
of a few tens MeV/nucleon, since at these energies the Pauli principle
looses its importance. One therefore expects a transition between the do-
minance of two body interactions at lower energies and single nucleon-nuc-
leon collisions at much higher energies.

We have studied the emission of light particles especially nucleons
with the hope to find indications for the underlying reaction mechanisms.
Since we work in a transition region we have to deal most probably with
more than one mechanism. This becomes evident from a contour plot of Gali-
lei invariant cross sections as function of the momenta parallel and per-
Rendicular to the beam axis Yor protons emerging from the bombardment of

TAu with 400 Mev 2Ne ionsl (fig. 1). Occurance of a moving and isotro-
pically emitting source would show up in concentric semicircles, which
where clearly not in the data. There are indications of at least three
sources: one moving with beam velocity, one moving with approximately half
the beam velocity and a third one with velocity of the compound nucleus.
The latter velocity was calculated under the assumption of full linear
momentum transfer.

In this study we are not interested in compound nucleus decay. We
will therefore focus on the two other components. The component having
approximately beam velocity must be attributed to projectile-1ike frag-
ments.

It has been shown by part1c1§ -X-ray measurements2) and by particle-
particle-coincidence measurements3) that the dominating mode is of two
step nature, i.e. the sequential decay from projectile-like fragments be-
ing in long-1iving excited states. The other component having much smaller
velocity may be attributed to pure non-equilibrium multi-step Rsocesses.

This situation reminds us to 1ight ion induced reactions There,
we have decomposed the observed light particle yield into two parts which
have been assumed to stem from incoherent processes: projectile fragmenta-
tion and pre-equilibrium contribution. The former has been calculated in a
DWBA approach4) while the latter has been calculated in the framework of
the exciton coalescence mode1®’!. In the case of heavy ion induced reac-
tions at least two problems occur: the fragmentation process is of two
step nature and therefore not capable by the DWBA approach. Model parame-
ters like the initial degree of .freedom in the exciton model are unknown
quantities. To account for the fragmentation yield in a phenomenological
manner we can fit a Gaussian momentum distribution in the rest frame of
the excited projectile-1ike fragments to the data. Figure 2 shows such a
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Fig. 1:

Contour plot of Galilei invariant cross-sections for the indicated reac-
tion. The lines are drawn to guide the eyes.
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Fig. 2:

a-particle spectrum ta-
ken at J= 50 is fitted
by a moving source with
~statistical momentum
distribution.
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fit to forward angle data where the fragmentation process is expected to
be the dominating one (comp. fig. 1). The pure pre-equilibrium component
is then obtained by subtracting the fragmentation yield from the observed
inclusive yield. Also experimentally one can get rid of this component by
measuring the light particles in coincidence with evaporation residues.
The exciton coalescence model calculations have been performed by
treating the initial exciton number n, as a free parameter. The result for
such a calculation is shown in figure 3 for neutron emission detected in
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Fig. 3:

Comparison of exciton model calculations with experimental spectras) for
different angles. An initial exciton number of n, = 16h +4p has been used
in the calculations.

coincidence with evaporation residuess). Figure 4 shows proton datal) to-
gether with incoherently summed contributions from the compound nucleus,
fragmentation and preequilibrum. It was found’) that the exciton number n
increases with increasing bombarding energy and is independent of the tar
get nucleus mass as long as the projectile-target system is very assymme-
tric.

The author is grateful to H.G. Bohlen, H. Fuchs, D. Proti¢ and.G.
Riepe for their collaboration. Discussions with D. Hilscher are acknowled-
ged.



-50-

" ¥IAU (20Ne, p) X
i Ene =392 MeV
102 o
L
101 =
E 100_—
N g ~N
3} :
- b 3
B &
° d <«
he) =
i ¢
1072
) U WY TN R L LY )
0 20 40 60 80 100 € (MeV

Fig. 4:

Comparisons between angle integrated cross sectins and contributions from
pre-equilibrium (n_ = 30p + 10h), projectile fragmentation and evaporation
from a compound nucleus. The sum of the three calculations is shown as a
thick solid line.
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