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In this first experiment at the S.C. at C.E.R.N., our main
goal was to follow the evolution with bombarding energy of the highly
dissipative processes betwsen two massive nuclel. The data are far
from being completely reduced, nevertheless the on line analysis

allows to consider this first attempt as being successful.

THE EEAM.

As far as the beam is concerned we can distinguish twao
periods. Before Christmas due to some deficiencies of the ROTCO the
peam was unstable {numerous discharges and low intensity] and finally
the machine broke down leading to a loss of about 6 shifts. In January,
the beam had become very stable and the intensity satisfactory. Three
energiss were used : 86, 60 and 30 MeV/nu;leon._The beam transport on-

to the targets was easily achieved with rzlatively low intensity losses.

" THE RESULTS.

The investigation of momentum transfer and energy deposit was

conducted in two different ways.

1°/ 0On the one hand on heavy tq{gets {Au, U, Thj the transfer=-
red momentum can be easily deduced, as the subsequent fission process
veonvertd this guantity into the angle between the fission fragments.
This is a trivial kinematical effect : the mors recoil is given tao the
target-1ike nuclsus, the smaller ls the relative angle between the two

fission fragments,.



Far very small momentum transfers the fragments are emitted
180° apart in the lap system, whereas for full projectile momentum

transfer to the system the relative angle is minimum (fig. 1).

On U and Th targets, a few'HeV are needed to overcome the
fission barrier and conseguently all_the reaction channels end up by
fission. Therefore, wae cbserve a very broad angular correlation exten=
ding from zerc the the maximum possible momentum transfer. There is
a definite evolution with bombarding energy. At 30 MeV/u the most pro-
bable momentum transfer corresponds roughly to 8/10 of the maximum
allawed transfer, whereas at BD MeV/u the peak is shified down to

approximately 2/10 of the maximum.X Nevertheless, at 60 MeV/u, it is
| shown that still a few percents of the total cross section imply full

momentum transfer. .

As far as the gold target is concerned (fig. 2)} it is worth
noticing the absence of fission at small momentum transferas as expected
due to the large static fission barrier for nuclei cleose to gold. Only
a large amount of angular momentum could allow fission, and we hope to
use these properties to make estimates of the impact parameters which

are involved.

gefore concluding this section, we'd like to mention that the
collected data for protons and ¢ particles detected in coincidence with
one or two fission fragments have not yet been analyzed. The properties
of these light particles are expected to help understanding how the
enérgy is dissipated as a function of the amount of transferred momen=-
tum. In addition, high enmergy fragments of the projectile {B, Be, Li) .
have been recorded in ceincidence with the fission fragments and may

also shed some light on the reaction mechanism.

X p eimilar evolution has Heen clearly seen Ey Klapisch et al. when
investigating the isotopic distributions of fission {ragments.



2°/ The second part of the experiment was devoted to a study
of the dissipative phenomena on light targets (Ni) which deexcite
mostly by particle emission leading to a bunch of residual nuclel. The
latters could be easily isclated from particles of low mass [below the
projectile mass) by using very thin solid states Si detectors mounted
in telescopes (as shown in fig. 3.a). Their angular distribution 1is
forward peaked but gently decreasing ‘as expected for a nucleus after

evaporation of numerous particles.

In coincidence esvents with light particles the time-of=flight
difference was measured {fig. 3.B)] and the mass of the fragment could be
deduced. From a very priliminary analysis it seems that the most pro=
behle masses are very similar at 86 MeV/u, 60 MeV/u and 30 MeV/u.

This is consistent with the data observed on heavy targets : the higher
the bombarding energy, the lower the fraction of transferred momentum.
If we assume this effect to be due to a reduction of the number of
transferred nucleons from the projectile to the target (but at full
velocity), then the energy deposit would be very similar at high and
loﬁ energy and conseguantly the residual masses close to each other

as shown in the schematic diagram of fig. 4. Our preliminary analysis
seems to indicate such conclusions. As for the fission experiment, the
characteristics of the light charged particles- detectad in coincildence
with the massive residues will help investigating further, but the ana-
lysis is much longer and more complex so we cannot give any precise

result for the moment.

CONCLUSION.AND BEAM REQUIREMENTS FOR THE FUTURE,

The investigation uf‘mcméntum transfer and energy deposit on
light and heavy targets By two different methods seems to give consistent
results. It Is expected that the analysis of light particles emitted in
coincidence with the fusion residues and the fission fragments will allaw
us to precise the reaction mechanism : to which extent a thermal equili-
brium has been reached ? Emphasis in the present experiment was put on-
to the evolution with incident energy. An important point to investigate
next is the influence of the projectile structure on the momentum trans-
fer prmbaﬁility. The strong structure of 12C in three d may lead to a

peculiar sttuation. Thus, we’d like in a second run to shoot the same



targets with Ne at 3 energies (about 30, 50 and 70 MeV/u). Similar
experiments have been done at Orsay and Berkeley with Ne at 13 MeV/u,
which will give a low energy reference. Furthermore, the experimant
will ba pursued at 100 MeV/u as soon aé GANIL staris delivering Ne.

The experimental apparatus will be very similar to the one
already used [(fig. 5) and 40 shifts are necessary to get reascnable
statistics. Fall 81 would be a convenient period for us to get the-
beam, till then we hcpe to have analysed the major part of the data.
Cur setting up with tests and calibraticns required ten days before

starting up with the beam.
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Figure 1 : Angular correlation between the two fission fragments issued

from the bombardment of a 288y target by 120 at different energies.

At 297 MeV/u and 60 MeV/u the cross sections are directly compa-—
rable., For each energy a relative momentum scale (P///PT) ts given
on top of the angular distribution (with P/ and Py standing for

the transferred parallel momentum and Pp the total momentum) .
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Figure 2 : Arngular correlation between the two fission fragments issued
from the bombardment of a 197 py target by 12C at different energies.
At 287 M2V/u and 60 MeV/u the cross sections are directly compa-
rable. For each energy a relative momentum scale (PVV/PT) 18 gLven
on top of the angular distribution (with Pss and Pp standing for
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ggge 3.a : Distribution of the reaction products of 12¢ + NATRL at
30 MeV/u in a AEaE space (where AE represents the energy deposit
tn a 4 unm thick transmission 81 detector and E the restaual
energy). The heaviest residues are located in the upper left hand
side of the matriz and can be easily isolated from the projectile

like fragments.
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' Figure 3.b : Distribution of reaction products in a E x t space
(where E represents the total energy of a reaction product
ad t the time of flight difference between this product
and a light particle detected in cotneidence). The right
hand side contribution originates from the heavy residues

whereas the left hand side component is due to protons

and o partteles essentially.
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Figure 4 : In a simple model we try to predict two main characteristics

i.e. mass of the residual products (in abscissa) and assoctated
recoill kinetic energy (in ordinate) as a fumetion of bombarding
energy (long dashed line) and fraction of transferred momentum
(short dashed line). _ .

The wnderlying ptoture 18 ﬁhe following : from the transferred
momentum (t,e. transferred mass) the vecoil velocity of the tar-
get like resulting nucleus ts computed neglecting the transverse
momentum. Then, the excitation energy is simply calculated and the
number of emitted nucleons roughly estimated asswmng thermal equi-
1ibration and that 12 MeV arve needed on the average for each nu-
cleon emission. The resulting mass restidue is deduced and the Kine-
tic energy computed asswming thaﬁ isotropic evaporation does not
modify on the average the initial recoil veleoctty of the target

1ike nucleus.
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Figure 5 : Scheme of the detection system.



	
	
	
	
	
	
	
	
	
	

