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and
G. Klotz-Engmann, H. Oeschler
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The aim of the present investigation is to determine the entrance chan-
nel conditions to form nuclel as hot as possible and also to study their
decay properties.

The experiment has been realised at the GANIL facility using I“N, *0pr
and 38N1 projectiles at intermediate energies and with beam intensities
ranging from 100 to 500 nA. The technique we used to determine the linear
momentum Jmparted to the target nucleus 1s the angular correlation of the
fission products, whereas energies deposited in nuclel were deduced from the
measurement of masses and velocities of both fission fragments.

The first study concerns the “OAr induced fission on 232Th target at
energies ranging from 31 to 44 MeV/ul.

The main features are presented in fig.l ;

1) A prominent peak is observed at relative angle 8__ = 170° corresponding

to sequential fission induced by quasi-elastic collisigns (Bn x 0.8 GeV/c).
11) A bump located at high wmomentum transfer (fo = 110° corresponding to
Py = 7 GeV/c) which can be attributed to central collisions. Th:se events
result from 1incomplete fusion process since their recoil velocities are
lower than the one corresponding to full womentum transfer (arrows in
fig.la) Two aspects are very striking ; the disappearance of the bump at
44 Mev/u and the fixed average momentum transfer with incident energies.

The different nature of the two main processes appearing in the angular
correlations, 1i.e. peripheral and central collisions 1s illustrated in
fig.1lb, c. For quasi-elastic sequential fission, the total mass ﬁtot of the

detected fission frzgments 1s rather constant with 1incident energles as
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expected from a perturbative process. In contrast ito decreases signifi-

t
cantly with energy for central collisions since higher temperatures are

reached in the fusion—-fissiom process.
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b) Average total mass ¥ of the
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¢c) Estimated cross sections for per{pheral (rectangles) and central
(points) collisions of the Ar + Th induced fission at different incident
energies. The curve is the reaction cross section calculated using optical
to model parameters from ref.2.

Excitation functions, fig.le, for both peripheral and central colli-
sions are discussed elsewhere1 in some details. But here again, one observes
that the yield corresponding to large SI (> 4 GeV/c) decreases with incident
energies, whereas for small En (< 4 GeV/c) 1t is rather constant. Within the

experimental uncertainties, the sum of these two contributions exhaust the




-3=

reaction cross section at 1low incident energies and leaves the room at
higher energies, of few hundred millibarns for processes other than binary
fission. In order to determine if the washing out of the bump at 44 MeV/u is
due to the maximum excitation energy acceptable by nuclel or, to entrance
channel conditions, we studied the Ni + Th system which allows the introduc—
tion of more momentum and excitation energies into the target nuclei at the
same relative velocities as for the Ar + Th wmeasurement.

Experimental results are presented in fig. 2. The main difference is
that now the bump corresponding to central collisions 1is 1located at
Bn = 9,5 GeV/c which implies in the massive transfer framework, fissioning
nuclei with A ~ 270 at about 900 MeV excitaticn energy. This result suggests
that the disappearance of the bump observed at 44 MeV/u Ar is not due to a
limiting excitation energy in the composite like system since in both Ni and
Ar induced incomplete fusion a temperature of about 5 MeV 1is reached ; hence
entrance channel properties play an essential role in fixing the central
collision yields.
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At this stage, several remarks can be pointed out ;
1) The disappearance of the bump at 44 MeV/u Ar does not mean that fission
events corresponding to high momeatum transfers (; > 7 GeV/c) cannot be

produced by such entrance channels. In fact, when studying the Ar induced
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fission on !®%Ho for which peripheral collisions are stroungly suppressed
because of the fission barrier height, one observes, that high momentum
trangsfers are imparted to target (fig.3). Several reaction mechanisms are
probably involved in central collisions ranging between both nucleus—nucleus

and nucleon-nucleon interactions.
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The present data could indicate that the,.one body dissipation {s vanishing
for such entrance channel while two body dissipation still contributes to
the population of hot nuclei.

11) The relative velocity of 44 MeV/u Ar projectiles 1is not sufficient to
explain such traasition since higher velocity projectfles such as 148 at
60 MaV/u on Th can induce a shoulder in the central collision region
(f1g.4). It is probably both the velocity and size of the projectiles which
determine the nature of mechanisms iavolved in these central colllsions.
Further as expected, one observes that 250 MeV/u !“N induced fission yield

essentially peripheral collisions with more violent collisions decaying
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mainly by multifragmentation processes.
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111) Average momentum transfers are saturated at 2.6 GeV/c, 7 GeV/c and
9.5 GeV/c for 1N, “OAr and 58Ni respectively. These values are not signifi-
cantly dependent of the target nucleli for masses > 165 amu. Thus one ob~
serves a remarkable scaling of momentum imparted to target nuclei with the
projectile masses since F“ = (180 * 20)MeV/c. This result is very important
since it indicates that the whole projectile interacts with the target nu-
clel and that each escaping nucleon carries away more than 180 Mev/c in
average. Another way to present this result 1s illustrated in fig.5, by
plotting the ratio of the momentum transfer on incident momentum versus the
relative velocity of the colliding ions. The solid line is obtained assuming
that each projectile nucleon can transferred a fixed value of 180 MeV/c to
the target nuclei at all incident energies above 15 MeV/u. We performed
recently some calculatioas using the exciton model3 which are presented in
table 1. The total momentum transfers fit quite well the experimental re-
sults and excitation energies are compatible with those deduced from masses
and velocities of the fission fragmentsl. When assuming a massive transfer
picture to fit the experimental Bu valyes, one deduces quite similar excita-
tion energies, Table 1, as obtained with the preequilibrium model, while the

basic assumptions are very different.
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TABLE 1

Ei Massive t;a?ﬁfssa) Precompound model .
(MeV/u) mout(amu) E e Pl(GeV/c) mpre(anu) E (MeV)

20 9 813 9.56 9.5 716

25 14.5 920 10, 13.3 830

30 18 1000 10.3 17.2 927

'OOAr + 232Th

31 11 785 7.36 11.2 734

35 13 834 7.52 13 793

39 14.5 880 7.62 14.6 851

44 16 934 7.76 16.8 914

a) For the massive transfer, FH is deduced from the angular correlation
while it {is predicted in the precompound model. E are deduced without tak-
iag into account the Q values.
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Fig.5 = Average momentum transfer for central collisions on projectile
momentum versus the square root of the incident energy per nucleon above the
Coulomb barrier.
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This 1is traced to the fact that in the exciton wodel the escaping nucleons
are concentred at forward angles and carry away approximately the same total
energies (kinetic plus binding energies) as the spectator nucleon in the
massive transfer picture. Howeve., the determination of the origin of the
momentum transfer saturation needs further studies both experimental and
theoretical.

Another fascinating aspect of the present experiment concerns the re-
coil properties of fission fragments. Two dimensional plot of the coincident
fission fragment masses are presented in fi1g.6 for both low (~ 1 GeV/c) and
high (~ 9.5 GeV/c¢) momentum traunsfers. For these two conditions, the fission
region is well defined, but for central collisions the mass asymmetry beco-
mes rather large. The rzlative velocities (fo) versus the total detected
mass presented in the right part of fig.6 are well fitted by the Viola sys-
tematics showing that the observed fission process 1s an usual one for peri-
pheral collisions. In contrast for violent collisions, the velocity distri-
bution is shifted towards higher values showing a taii up to 2 cm/ns which
represents quite abnormal total kinetic energies for fission processes. This
effect might be due to a compact configuration on the saddle point and part-

ly to angular moumentum effect.
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Fig.6 - Two-dimensional plot of fission fragment detected in coinci-
dences at low and high momentum transfers (left part) and of the total de-
tected mass of the fission fragment versus 1its relative velocities (right
part). Arrows indicate the relative velocity from Viola systematics,
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In summary, important amount of momentum transfers and excitation ener—
glies have been imparted tu composite-like-nuclel with A = 270. A scaling for
momentum transfer with the projectile mass 1is evidenced up to the Ni ions
for cemntral collisions. Velocity and size of projectiles play an important
role as well as excitation energies deposited in fissioning nuclei, {ia
fixing the central collision cross sections. Finally, high relative veloci-
ties of fission fragments have been measured and open an Iinteresting problem
on the fission properties of nuclei at high excitation energies and angular

momenta.
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