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Abstract

Spectra of inclusive double differential cross sections of3He and6He fragments produced in
the interaction of12C with 93Nb at 400 MeV are measured and analyzed. As was found for the
production of intermediate mass fragments in this and similar reactions involving light projectiles,
the spectra can to a large extent be satisfactorily reproduced only by considering the contribution of
projectile break-up as well as nucleon coalescence.
 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In previous studies we have measured and analyzed the spectra of Li, Be and B frag-
ments produced in the interaction of12C with nuclei in the mass range of about 60 to 200,
at energies up to about 35 MeV/nucleon [1,2].

These and other investigations concerning the interaction of16O with 59Co and93Nb
[3,4] revealed that, in reactions induced by light ions at energies in this energy range,
the intermediate mass fragments (IMFs) are mainly produced by two distinct and unre-
lated mechanisms: projectile fragmentation and nucleon coalescence. The latter occurs
during thermalization induced by the cascade of nucleon–nucleon interactions by which
the excited composite nuclei created in the primary two-ion interaction reach a statisti-
cal equilibrium state. The main mechanisms to be considered in this respect are found
to be the complete fusion and the break-up-fusion (or incomplete fusion), i.e., projectile
break-up followed by the absorption of one of the produced fragments by the target nu-
cleus.

Other important conclusions of these studies were the recognition that, before breaking-
up, the projectile may suffer a quite significant energy loss and that it may break-up in
many different ways. These binary fragmentations occur with non-negligible probabilities
so that, for instance, the break-up of12C intoα-type fragments, although giving an impor-
tant contribution, is by no means the only break-up mode to be taken into account in the
theoretical calculations.

In this note, we present and analyze additional data concerning the spectra of3He and
6He fragments produced in the interaction of12C with 93Nb at 400 MeV incident energy. In
Section 2 of the paper we briefly discuss the experimental procedure. Section 3 is devoted
to the theoretical analysis of the data and Section 4 to the conclusions.

2. Experimental procedure

In order to ascertain the relative importance of quasi-elastic fragmentations and in-
elastic fragmentations of12C, an experiment was devoted to measuring the correlations
between8Be fragments andα-particles emitted in the interaction of12C with 93Nb at
400 MeV incident energy. The procedure of the data analysis was as follows. Only the
prescaled singles events which represent 5% of all the events detected in theα-particle
detector telescope were analysed in the present study. In order to test the energy cal-
ibrations and efficiencies of this detector telescope, the singlesα-particle events were
compared and normalized to results from a previous measurement of the double differen-
tial α-particle cross sections [5]. The same normalization factor obtained from the double
differentialα-particle cross sections was also used to extract double differential cross sec-
tions for3He and6He. It is the scope of this paper to show and analyze these last spectra.
Another paper will be devoted to the discussion of the results of the correlation experi-
ment.

The experiment made use of a 400 MeV12C beam supplied by the cyclotron facility of
iThemba LABS, Somerset West, South Africa. The beam was focused to a spot of less than
3 mm in diameter on the target mounted at the centre of a 1.5 m diameter scattering cham-
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