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Improved microscopic calculation of initial exciton number
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An improved microscopic calculation of the initial exciton number has been carried out on the basis
of the original microscopic model —the so-called phase-space model. In our calculation the Vlasov or
Boltzmann-Uehling —Uhlenbeck dynamics is used during the nucleus-nucleus collision instead of a sim-

ple dynamical process without friction. Our calculation reproduces the experimental results better than
the original microscopic model.

PACS number(s): 25.70.—z, 24.60.Dr, 21.65.+f

The continuous part in the energy spectra of emitted
particles in light-ion-induced reactions at energies of a
few tens of MeV was successfully described by the exci-
ton model [1,2]. According to this model the equilibrium
process following a first stage of the projectile-target in-
teraction toward a compound nucleus evolves via two-
body nucleon-nucleon collisions. The intermediate states
are characterized by the number of particles and holes
excited with respect to the Fermi surface and commonly
called excitons. At each state with a certain exciton
number n there is a probability for particles being in un-
bound states to escape. The use of an initial exciton num-
ber no has been surprisingly effective in fitting the ob-
served energy spectra with remarkable accuracy [3]. Re-
cently, some calculations of no were carried out [4—6].
However, it was found that the model was not very suit-
able for the heavier projectile-induced reactions [5], or
there was a larger numerical deviation in comparison
with the experimental extracted no value [6]. In this
Brief Report we will improve the later microscopic model
by introducing the Vlasov or Boltzmann-Uehling-
Uhlenbeck (BUU) dynamics. Better results than Ref. [6]
are obtained and the most of the empirically extracted no
values from the experimental data on preequilibrium en-

ergy spectra [5,7,8] can be reproduced. This is also a first
application of Vlasov or BUU dynamics to investigate the
initial exciton number of early stages of nucleus-nucleus
collisions.

Our calculation is based on the microscopic model
presented by Cindro ei al. [6], which is based on simple
geometrical and phase-space considerations with a few
straightforward assumption which did not introduce any
adjustable parameters. In this passage we describe their
model briefiy. In momentum phase space, the colliding
system is presented by two Fermi spheres, separated from
each other by PI, +PT, where Pz- and PI. are the momen-
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FIG. 1. Time evolution of the initial exciton number within
the di6'erent dynamics. The full line shows the BUU calculation
and the dashed line the Vlasov calculation.

turn per nucleon of the projectile and the target at the
touching point, respectively. After reaching equilibrium
the composite system is presented by a third sphere of
Fermi radius Pz, whose center is positioned at the center
of mass of the colliding system. Cindro et al. thought
that the particles and holes which are produced at the
projectile (target) originate from the nonoverlap region
between the Fermi sphere of the composite system and
the projectile (target) Fermi sphere, and assumed that the
number of particles po is equal to the number of holes ho.
Finally, no=po+ho. Thus the number of particles and
holes is calculated as the geometric overlap of parts of
three spheres of equal radii in momentum space. On the
other hand, when the geometrical overlap of the two col-
liding nuclei in the geometrical space is in consideration
no should be modified. In the geometrical space, the col-
liding system is represented by the projectile and target
spheres of radii Rz and Rz-, respectively. The overlap
volume of the two nuclei is calculated by assuming that
the relative velocity of the collision partners is not
significantly affected by friction. Then the available exci-
tation energy as a function of time is estimated by
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TABLE I. The comparison of the initial exciton number calculated by Eqs. (2) (Calc.) with some
empirically extracted no from experimental data [5,7,8].

Energy (MeV)
Projectile
Target

Expt. fit
Calc.

100
4He
' Ni

6
5.97

156
'Li

40Ca

10
9.64

17
16.45

300
12C

Ho

18
18.54

197A

19
18.70

530
15N

56Fe

23+2
21.62

530
Ne

51@

26+2
24.31

namics it continues to maintain the maximal value or de-
creases to a certain value slowly in the following collision
process, which depends upon the reaction systems. For
example, Fig. 1 shows the time evolution of no(t) for the
reaction of 530 MeV Ne-induced 'V. If we investigate
the time evolutions of the calculated exciton number and
of the overlap between the projectile and the target, we
find that the maximal no(t) occurs at the maximal geome-
trical overlap between the projectile and target nuclei.
The latter corresponds to a maximal intrinsic excitation
energy (which consists of "cold" internal energy at zero
temperature and the excitation energy) and therefore a
minimum collective kinetic energy (which includes the ki-
netic energy carried away by the emitted particles
[12,13,17]. The emission before that time should corre-
spond to a preequilibrium emission, after that evapora-
tion emission of light particles takes place and the pree-
quilibrium emission phase is not ended. In addition, in
view of Eqs. (1) the maximal available excitation energy is
reached when the maximal geometrical overlap occurs.
At that time, the maximal separation between the projec-
tile and target Fermi spheres in momentum space ap-
pears, and the time-dependent calculated exciton number
reaches its maximum which is taken as the initial exciton
number. Overall, the initial exciton number is not sensi-
tive to the nucleon-nucleon collision and the EOS. In the
following calculation, we only adopted Vlasov dynamics.

Figure 2 shows the dependence of the initial exciton
number on the target mass A T. It is clearly seen that the
results of Cindro et al. could not reproduce the depen-
dence of no on the target mass AT and most of them de-
viate from the empirically extracted values, especially for
heavier projectiles. We think that this is mainly because
their model cannot incorporate the nuclear friction. Our
results not only predict the trend of no with AT but also
reproduce the empirically extracted values from the ex-
perimental data [18] rather well. It can be concluded
that the correct reproduction of no with 3T stems from
Vlasov or BUU dynamics.

The excitation energy per initial exciton, E /no [i.e.,

(E, +Qt„, )/n&], has a dependence on the target
masses; it depends mostly on the per-nucleon incident en-
ergy of the projectile (Fig. 3). It is clear that the calcula-
tion of Cindro et al [Fig. 3(a)] gets the converse trend of
dependence on the target mass compared with the empir-
ical fit values [Fig. 3(b)]. The incident-energy dependence
of E*/no is shown in Fig. 4. The values of E*/no in-
crease with the available incident energy per nucleon (in
laboratory system), (E;„,—Vcu)/Ap, following the linear
expression

E Q

=0.42
no

E —V
+5

Ap
(2)
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(all energies in MeV; VcB represents the projectile-target
Coulomb barrier). For a given colliding system we can
estimate nc from the Eqs. (2). Table I shows our calcula-
tions by Eqs. (2); it is obvious that our calculations can
reproduce the empirically extracted values from experi-
mental data well [5,7,8].

In conclusion, an improved microscopic calculation of
the initial exciton number has been presented on the basis
of the original microscopic phase-space model. The
Vlasov or BUU dynamics is used during the nucleus-
nucleus collision instead of a simple dynamical process
without friction. By this improvement, the calculated in-
itial exciton number demonstrates the correct trend of no
with 3T and reproduces the empirically extracted values
from experimental data rather well. The improved
method also reproduces the relation of E'/no with a
different target for a given incident energy of projectile
and the linear dependence of E*/nc on the available in-
cident energy per nucleon (E;„, Vcii)/Ap ~ By this
linearity we can estimate the initial exciton number no
which fits the other empirically extracted values no from
experimental data well.
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