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I. Introduction

Among the interesting aspects which consern the mechanism of heavy ion
reactions are the following two:

1) The deformation brought into the compound nucleus by the fused heavy
ion system and how this phenomenon influences the subsegquent decay of the
compound nucieusl 2. This deformation would cause a reduction of the barrier
height seen by the various particles evaporated from the compound system
which would change in many cases their competition.

2) Particularly in light heavy ion reactions involving loosely bound
nuclei the total fusion cross section was found to be only a small part of
the reaction cross section even at low energies where one would expect the
compound nucleus to be the dominant reaction mechanism3:4. This phenomenon
could be attributed to the high probability for break up of the weakly bound
nuclei before complete fusion is reached or alternatively to the existence
of a 1imiting angular momentum in the framework of the compound nucleus.

In the gresent work we mainly studied the above phenomena in the reac-
tions 7Li+11B and 9Be+9Be through measurements of the y ray cross sections
of the residual nuclei produced. These reactions form the same compound
nucleus 180 at similar excitation energies and angular momenta and thus
their parallel study helps to separate the contribution of compound and non
compound processes which coexist in several exit channels and which other-
wise would cause difficulties to our study.

I1. Experimental procedure and analysis

The measurements have been performed using the 7Li and 9Be beams of the
T11/25 Tandem Van de Graaf acce]erator of the National Research Center
"Demokr1tos" . The 118 and 9Be targets were composed respectively of 323 and
105 ug/ layers of enriched 11 and 98e isotopes evaporated onto 100
mg/cm¢ of Ta and Au backing. The backing ensured complete stopping in the
target and was used both to monitor the beam current and to reduce the large
y-ray Doppler broadening. The targets were placed in a 10 cm diameter cyli-
drical scattering chamber with a cold trap on top to keep the inside walls
at 1iquid nitrogen temperature to avoid carbon build up on the target.

The beam entered the chamber through a 30 cm long tube insulator from
the rest of the beam line. This geometry helped the measurement of the beam
current by collecting the charge from the whole arrangement ( target, cham-



22

ber and tube ). For an accurate measurement of the integrated beam charge
the experimental coulomb excitation cross sections for the 301 KeV Ta and
the 279 KeV Au y-rays were ca]cu]ated according to the thick-target semi-
classical theory of Alder et al>. The y-ray branching ratios of the 301 and
279 KeV states to the ground state in Ta and Au respectively as well as the
B(E2) strength and internal conversion coefficients used in the calculations
were taken from refs. 5 and 6.

Singles y ray spectra were obtained with a 95 cm3 Ge(Li) detector at an
angle of 125° and a HpGe detector at 55° with respect to the beam direction.
One detector was used to get the detailed low energy y-ray spectra and the
other to get all y rays up to 7 MeV. Since the second order polynomial P,
almost vanishes at 55° and 125° these spectra were taken to represent angle
integrated yields. In addition the considerable Doppler broadening and shift
at these angles allowed simple identification of y rays in conjuction with
some low and high energy spectra taken at 90°.

Both detectors were placed at a distance of 12 cm from the target and
were lead shielded to avoid beam tube background and to suppress low energy
Y rays The re1at1ve efficiencies curve of the two detectors were determined
from 98Co and 152gy spectra under the conditions of the experiments and 1n
the same way the absolute efficiencies by using a standard calibrated ©
source.

The s1ng1es y-ray spectra were taken in the range of 5.0 - 19 C MeV
incident 9Be energy and in the range of 5.5 - 19.0 MeV incident 7Li energy
in approximately 0.5 MeV steps. Initial measurements were repeated every six
hours during the experiment and in the end to check for carbon build up and
oxygen contamination. Characteristic y-rays coming from the reactions with
the carbon and oxygen were used to monitor these contaminants and have a
good estimation of their contributions to the y-ray spectra; these contribu-
tions were found to be negligible.

The y-ray cross sections for the various transitions in the residual
nuclei were obtained as:

UY=NY/EYNBNT

where:
NY is the number of counts in the y-ray peak.

the corresponding detection efficiency for the y-ray. Knowledge of
all tgree efficiencies ( full energy, first and second escape ) facilitated
also the analysis of multiple peaks.

Ng the number of incident beam particles. As was stated in section II
Ng was found from the beam current integrator system mainly at the lower
incident energies as well as the Coulomb excitation of the Ta or Au backing.
mainly at the higher incident energies. Unlike the normalization by current
integration the normalization by Coulomb excitation can correct for the deat
time of the acquisition systeme which was sometimes appreciable at the
higher bombarding energies used. When both methods were applied they gave
the same results.

N7 the number of target nuclei per cm? calculated from the surface
density of the target .

The overall error in the evaluation of the y-ray cross section due to
uncertainties in ey, Ny and Ny was around 10%.
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I11. Results and discussion

Cross sections for y rays were obtained versus incident energy (from
little below to around three times the Coulomb barrierl for the fo1IOW1ng
exit channels: p+17N, n+170, t+15n, a+léc, pn+16N. nn+ 60 an+13c, aa+10Be,
and a2n+12C. As examples the cross sections for the 6728 KeV_- 0 y-ray
transition of the a/tp emission channel from both reactions 7Li+11B and

98e+9Be are shown versus c.m. energy in Fig. 1 and that for the y-ray
transition 3854 KeV - 0 of the 13C exit channel from the %Be+3Be reaction in
Fig. 2. Our measurements were performed under better conditions ( finer
energy resolution and less Doppler broadening ) and wider energy range com-
pared to ref. 7.
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Fig. 1. Excitation function for the 6728 KeV transi-
tion of 14C produced by the 7Li+11B and 98e+Be
reactions. The dashed 1ines are the corresponding
theoretical predictions from statistical model calcu-
lations using the code STAPRE.

From the excitation functions one can observe that most of the curves have
the bell shape characteristic of both the comgound and transfer processes.
The curves for the a+l4C ( see Fig.1 ) and t+ 5N channels after a small drop
go up again because of contributijons from multiparticle processes. The cross
section for the nna+l2C 4.439 Mev - 0 y transition is still increasing at
the higher incident energies where according to the statistical evaporation
model is more favourable.

In order to investigate the mechanism of the reactions 9Be+3Be and
7Li+11B we have performed theoretical calculations of the cross sections for
the various transitions in the prodused residual nuclei in the framework of
the Hauser Feshbach theary for compound nucleus react1ons using the code
STAPRE8 and the DWBA method using the code DWUCK4 for the channels where
the transfer process is important i.e. 1B( Li t) Be( Be, on) 3¢ and
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Fig. 2. Excitation function for the 3¢, 3854 kev

Y ray in the a-transfer channel. The various lines
represent theoretical predictions from statistical
model calculations ( dotted-dashed line ), from DWBA
calculations ( dotted line ) and both statistical and
DWBA calculations ( dashed line ) normalized to the
data at low energies.

98e(98e,20)1°Be. We have considered the p and n channels as being formed by
the compound nucleus procedure and we fixed the parameters a, rg and Vg
entering the code STAPRE for a best fit to the Y ray cross section curves of
these channels.

A comparison of the theoretical calculations with experimental results
reveals the following:

Theory based on the compound nucleus statistical model ( without the
inclusion of deformation ) agrees with the experimental y ray cross section
curves for the one particle emission channels i.e. p, n, a. It is impressive
to notice in the case of a/tp emission channel ( Fig. 1 ) that Hauser-
Feshbach theory can predict the increse at higher energies of the cross sec-
tion due to the opening of the tp multiparticle channel.

On the contrary theory disagrees with experiment in most cases of the
two particle emission channels ( nn, np, an and aa ) even if transfer con-
tributions were taken into account ( see Fig. 2 ). Specifically theory
underpredicts the y ray cross sections in the np, an and 2q emission chan-
nels while it overpredicts the nn.

The above discrepancies can be raised if deformation is included into
the statistical compound nucleus calculations. Deformation in the compound
nucleus causes a reduction of the barrier height for the various emitted
particles ( i.e. it affects their transmission coefficients ) and can alter
in many cases the production cross section in the exit channels. Specifi-
cally: The theoretical Y ray cross section curves remain unchanged for the
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one particle emission channels which are produced mainly by side feeding
from the tail of the particle emission specrta. On the contrary for the two
particle emission channels observable alterations do occur. The theoretical
y ray cross sections in the case of the np, an and 2a emission channels are
increased because they are prodused by side feeding from the very low energy
part of the particle emission spectra and which is favoured by the reduction
of the barrier for protons and alphas while they are decreased in the case
of the nn emission channel where sizeable feeding from above exists and
which is reduced when deformation is included.

Regarding the total fusion cross section we found it to be much Tess
than the reaction cross section for both reactions_and for the whole energy
region studied in accordance with previous results3,4
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