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Introduction

A large number of experimental as well
as theoretical efforts have been reported in
the literature to understand balance energy
(Ebal). Here we compare the system size de-
pendence of Ebal as predicted by one-body
type models like the Boltzmann Uehling Uh-
lenbeck (BUU) [1–3] and its improved version,
namely, IBUU [4], Relativistic Valsov Uehling
Uhlenbeck Relativistic Valsov Uehling Uhlen-
beck (RVUU) [5] and Landau Valsov (LV) ap-
proach [6] models along with our calculations
carried out using Isospin-dependent Quantum
Molecular (IQMD) model [7].

Results and discussion

In Fig. 1, squares represent our present
calculations (using soft momentum-dependent
equation of state (EOS) along with reduce
cross-section (0.8σfree) [8] and circles corre-
spond to earlier calculations using the above
mentioned one-body type models. Lines rep-
resent the power law fit ∝ A−τ . Let us now
analyze each of these results. Fig. 1(a) dis-
plays the calculations by Krofchek et al. [1]
where BUU model was used. From the fig-
ure, we find good agreement of Ebal for lighter
system 40Ar+51V whereas a clear deviation is
visible for heavier systems. Except for the
difference in the basic theoretical approach
(BUU by Krofchek et al. and IQMD in present
calculations), the other differences in two at-
tempts are of Coulomb potential, nn cross-
section and equation of state. The calcula-
tions by Krofchek et al. have been carried
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FIG. 1: The balance energy as function of system
mass for various theoretical approaches. Elton ra-
dius is used for 12C+12C reaction [9].

out without Coulomb potential and momen-
tum dependence of mean field and also with
free nn cross-section. The momentum depen-
dence of mean field lowers the balance energy
(due to its repulsive nature) and reduction
of nn cross-section will enhance the balance
energy, these two factors thus oppose each
other and therefore will get cancel out. The
only remaining difference is that of Coulomb
potential. To check this point, we also cal-

Proceedings of the DAE Symp. on Nucl. Phys. 58 (2013) 330

Available online at www.sympnp.org/proceedings



culated the Ebal by neglecting the Coulomb
potential in the present IQMD calculations
(results not shown) and now Ebal calculated
with IQMD model becomes almost same to
that calculated by Krofcheck et al. using the
BUU model. Fig. 1 (b) displays the calcula-
tions of Klakow et al. [2] using BUU model
having Coulomb potential. Circles represent
different parameters sets for different reduc-
tion factors of the cross-section. From the
figure, we see that calculations of Klakow et
al. (with 20% reduced cross-section) matches
well with the present calculations. We have
stated earlier that the Coulomb potential is
responsible for the difference in system size
effects between BUU and IQMD model. Since
the calculations of Klakow et al. include
Coulomb potential, therefore, agreement with
the present results goes better. Moreover,
we see that the various reductions in cross-
section only alter the magnitude of Ebal, the
mass dependence is still preserved and approx-
imately same as that of the present calcula-
tions, the best being obtained with 10% re-
duction of cross-section. It is worth mention-
ing that for the present calculations we em-
ployed constant reduction in the nucleon nu-
cleon (nn) cross-section, whereas the calcula-
tions of Ref. [2] use density-dependent reduc-
tion. To see the relative behavior of density-
dependent reduction with respect to constant
reduction of cross-section, we have also calcu-
lated the mass dependence of the Ebal with
density-dependent reduced cross-section (20%
reduction) and found the power law factor to
be almost the same as that with the constant
reduction (results not shown). Fig. 1 (c) dis-
plays the calculations of Magestro et al. [3]
using BUU model which covers a wider mass
range over Klakow et al. [2]. These calcu-
lations also show best agreement with 10%
reduction of nn cross-section as obtained for
earlier attempts by Klakow et al. [2]. An-
other attempt to study the system size effects
in balance energy was done using improved
version of BUU model (labeled as IBUU). Fig.
1 (d) displays the calculations of Xu [4] using
IBUU model. From the figure, we notice that
our calculations predict lower balance energy
than that predicted by Xu. This is because

of difference in equation of state in two cases
(SMD in present and hard in Ref. [4]). To
verify this, we have calculated the balance en-
ergy with hard EOS along with 20% reduction
in cross-section (which is equivalent to 32 mb
in the present case, and this approximately
equals 35 mb, the cross-section as used by Xu).
We have found almost same Ebal for both the
systems (results not shown). Fig. 1 (e) dis-
plays the results of relativistic VUU approach
by Zhou et al. [5]. From the figure we find that
our calculations show better agreement with
enhanced cross-section results of Zhou et al.
In the last part of the comparison, we display
the results of LV calculations by De la Mota
et al. [6]. The calculations show good agree-
ment with the present results as the power law
factor is almost the same in both cases. This
is because of the similar treatment of poten-
tials and cross-section in both the approaches.
In summary, our findings revealed that once
physical parameters are kept the same, almost
all one-body models yield nearly same balance
energy as that of IQMD calculations. This
work is funded by University Grant Commis-
sion (UGC) of India.
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