CPC(HEP & NP), 2009, 33(Suppl. [ ): 30—32

Chinese Physics C

Vol. 33, Suppl. [, Mar., 2009

Study on the formation of the composite
system of 238U~+238U"

WU Xi-Zhen (S8 20) 1

TIAN Jun-Long( & J£)2#
ZHANG Ying-Xun (5K Jih)!

ZHAO Kai(#H1)"
LI Zhu-Xia(ZE 4 f5) 142

1 (China Institute of Atomic Energy, P.O. Box 275(18), Beijing 102413, China)
2 (Institute of Low Energy Nuclear Physics, Beijing Normal University, Beijing 100875, China)
3 (Beijing Radiation Center, Beijing 100875, China)
4 (Institute of Theoretical Physics, Chinese Academic of Science, Beijing 100080, China)

Abstract Strongly damped reactions of 238U—|—238U, at Eem = 680—1880 MeV have been studied based on
the improved quantum molecular dynamics model. We find that at a certain energy region the entrance channel

potential is weakly repulsive and the dissipation is very strong after touching configuration, these two effects

make the time delay of re-separation for colliding system. The single particle potential well of the transiently

formed composite system has Coulomb barrier about 15—20 MeV high at the surface, which makes the excited

unbound protons being still embedded in the potential well and moving in a common mono-single particle

potential for a period of time and thus restrains from quick decay of the composite system.
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Recently renewed interest to the strongly damped
reactions between very heavy nuclei, like U4U is con-
ditioned by the necessity to clarify much better than
before the dynamics of very heavy nuclear collisions
at low excitation energy and by a search for new ways
for the production of neutron-rich superheavy nuclei.
Based on coupled Langevin-type equations the model
for simultaneous description of deep inelastic scatter-
ing ,quasi-fission, fusion and regular fission was pro-
posed in Ref. [1]. Within this model the collisions
of 28U +-287, B2Th+2°Cf and 23*U+2**Cm were in-
vestigated as an alternative way for the production of
super-heavy elements and the large charge and mass
transfer were found in those reactions due to inverse
quasi-fission process®. Owing to the very large col-
liding system and very complicated process, a large
number of collective degrees of freedom have to be
involved in the macroscopic model to obtain a real-
istic description of the process. Thus one will meet
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difficulties by macroscopic dynamics model. In addi-
tion, the difficulty in calculation of multi-dimensional
adiabatic potential energy surface and the large un-
certainty in the strength of nuclear friction and its
form-factor are still not yet solved. In this case, a
microscopic transport theory model is worthy to be
tried?.

By using the microscopic dynamic model, the mo-
tions such as shape deformations, neck formation and
rupture, nucleon transfer and so on are involved nat-
urally, automatically and simultaneously. Therefore
there is no need to introduce the friction strengths
and their form-factors, mass parameters, etc., which
are known to have a large uncertainty, but have to be
introduced in the macroscopic description. The quan-
tum molecular dynamics (QMD) model being suc-
cessfully used in intermediate energy heavy-ion col-
lisions was successfully extended to apply to heavy
ion collisions at energies near the barrier by making
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a serious improvements™ . In the model both the
mean field and collision term are treated properly.
Thus, in principle, the dissipation, diffusion and cor-
relation effects are all included without introducing
any freely adjusting parameter. In this work we apply
it to study the entrance channel potential, translation
kinetic energy loss, single particle potentials and sin-
gle particle energies to see how the giant composite
systems of U+U are formed.

In the ImQMD model, each nucleon is represented
by a Gaussian wave packet,
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where 7;,p;, are the centers of i-th wave packet in
the coordinate and momentum space, respectively.
o, represents the spatial spread of the wave packet.
The total N-body wave function is assumed to be
the direct product of these coherent states. Through
a Wigner transformation, the one-body phase space
distribution function for N-distinguishable particles
is given. The effects of the Pauli principle are con-
sidered. The approximative treatment of antisym-
metrization is adopted by means of the phase space
occupation constraint method!®. The propagation of
nucleons under the self-consistently generated mean
field is governed by Hamiltonian equations of motion
and the Hamiltonian consists of the kinetic energy
and effective interaction potential energy. The effec-
tive interaction potential energy includes the nuclear
local interaction potential energy and Coulomb in-
teraction potential energy. The former is obtained
from the integration of the nuclear local interaction
potential energy density functional. The latter is the
sum of the direct and the exchange contribution. The
parameters used are the same as in Ref. [3]. The pro-
cedure of making initial nuclei of projectile and target
is similar to that in Refs. [3, 5]. The binding energy
for 238U is required to be 7.57+0.05 MeV /nucleon and
the root mean square radii to be 7.36 £0.2 fm. The
pre-prepared nuclei are tested according to above re-
quirements, and the bound nuclei evolve stably with-
out spurious emission within 3000 fm/c.

Firstly we study the entrance channel potential
energy which is define as

Vo(R) = E15(R)— E, — E». (2)

Here R is the distance between the centers of mass
of projectile and target. Fi»(R), E, and E, are
the total energy of the whole system, the energies
of the projectile(like) and target (like) part, respec-
tively. Fig. 1 shows the V4, (R) for 2**U+2*¥U. The
long-dashed curve represents the potential obtained

with frozen density. In the real reactions, the den-
sity of the reaction partners evolves with time and is
controlled by both the mean field and collision term
self-consistently. Consequently, the realistic poten-
tial experienced by the reaction partners should be
different from that calculated by the frozen density.
Here we define the potential obtained from the real-
istic time dependent density as the dynamical poten-
tial which is incident energy dependent. The solid
curve in Fig. 1 shows the dynamic potential at in-
cident energy to be just above the Coulomb barrier.
For comparison we also show the adiabatic potential
calculated by the two center shell model™ in which
the liquid drop energy plus the shell correction are
considered. The adiabatic potential is shown by the
short-dashed line, which is found to be close to the
dynamic potential after the touching configuration of
two nuclei. Both the dynamic and adiabatic potential
at contacting configuration are not steep with respect
to the variation of the distance between the centers of
mass of reaction partners. From the weak repulsively
dynamic (and adiabatic) potential, one may expect
that it is possible for the composite systems to exist
for a period of time when the strong dissipation exists
in the composite system.
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Fig. 1. The entrance channel potential energy

of the system of 2%U+238U as a function of

distance between centers of mass of projectile

and target.
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Fig. 2. (color online) The translation kinetic
energy of relative motion (solid circles), poten-
tial energy (solid squares) and excitation en-
ergy (solid downward triangles) as a function
of reaction time for the system of 233U+238U.
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For estimating the dissipation in Fig. 2 we show
the time evolution of the translation kinetic energy
in the relative motion (solid circles), potential energy
(solid squares) and excitation energy (solid downward
triangles) for reaction #*®U+233U. One can see that
before touching configuration(TC) a part of transla-
tion kinetic energy converts into potential energy and
after TC the excitation energy of the system begins
to increase. At about 600 fm/c almost all transla-
tion kinetic energy in relative motion dissipates out
and the excitation energy reaches a saturation value.
According to the definition of two-body dissipation
function in hydrodynamics (— % = Z%J (jiq'j) we
can roughly estimate the two body viscosity for rela-
tive motion from the translation kinetic energy loss.In
Fig. 3 we show the translation kinetic energy loss as
a function of square of velocity of relative motion.
When only a relative motion is considered, the two-
body viscosity can be estimated as about 2-5x1072!
MeV-s-fm~2, which is indeed strong dissipation. In
order to see how the highly excited composite system
can be restrained from a prompt decay, we investigate
the single particle potential in which the neutrons and
protons are embedded. The single particle potential
is defined as

V() = [or)V (=), 3)

with p(7) being the density distribution of the system
and V(r —r’) the effective nucleon-nucleon interac-
tion. In Fig. 4 we show the single-particle potentials
for a typical event of the reaction 2*U+28U at E.,, =
780 MeV from ¢ =100 fm/c to t = 1300 fm/c. The en-
ergies of all protons are also shown. From the figure
one sees that: Before contact of two reaction part-
ners there exists a higher barrier between two center
single particle potentials and nucleons in two nuclei
move in their own potential well, only a few protons
are excited to unbound state due to Coulomb exci-
tation. Those unbound protons are still embedded
in the potential well because of the strong Coulomb
barrier at the edge of the potential well. After two
reaction partners touching each other ( from about
t = 500 fm/c to 1200 fm/c ), the barrier between two
center single particle potentials gradually disappears,

and more protons (neutrons) are excited. One finds
that almost all excited protons (a part of which even
already are unbound) are still embedded in the po-
tential well due to the about 15—20 MeV high strong
Coulomb barrier at the edge of the potential well.
The individual nucleons have been moving in their
common mono-single particle potential well for a pe-
riod of time, thus forming the giant composite system.
Soon after the division of the common single particle
potential into two center ones, the composite system
will re-separate.
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Fig. 3. The translation kinetic energy loss of

relative motion due to excitation of the system
as a function of square of velocity of relative
motion for the system of 238 U+238U.
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Fig. 4. The single particle potentials and single
particle energies of protons for a typical event
of the reaction 2*3U+238U at E¢m = 780 MeV.

From these studies, we learn that the weak re-
pulsion of the nucleus-nucleus interaction potential
after touching configuration, the strong dissipation
and strong Coulomb barrier of single particle poten-
tial may lead to existence of the giant composite sys-
tem for a period of time.
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