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Effect of the Level Density Parameter Ratio
on the Cross Sections of Fission of Uranium Isotopes
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Nuclear level density is a fission characteristics for each core. Level density parameter ratio af/an plays an
important role in the statistical calculations of the fission, investigation of heavy ion collisions and calculation of
the reaction cross sections. In this study, the effects of the different level density ratio on the fission reaction cross
section for uranium isotopes were investigated. Calculations were carried out using the Monte Carlo simulation
codes ALICE/ASH and TALYS 1.6. The calculated results were compared with the experimental reaction cross
sections from literature.
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1. Introduction

In nuclear fission the nucleus evolves from a single
ground state shape into two separate fission fragments.
During the change in shape and configuration, the po-
tential energy of the system initially increases, up to the
fission barrier height, and then decreases. Calculations
of fission barriers involve the determination of the total
nuclear potential energy for different nuclear shapes. The
fission barrier height could be obtained from the energy
relative to the ground state of the most favorable sad-
dle point to be traversed when the shape evolves from
a single shape to separated fragments [1]. The nuclear
level density which is a characteristic property of every
nucleus, is defined as the number of levels per unit en-
ergy at a certain excitation energy. Level density studies
have very important applications in nuclear astrophysics,
production cross sections of radioactive isotopes, nuclear
fission and nuclear medicine.

The most important step for a reliable theoretical anal-
ysis of cross sections, spectra, angular distributions, and
other nuclear reaction observables, is to get a correct
level density together with the optical model potential [2].
Level density parameter ratio, af/an where af is the level
density parameter at the fission saddle point and an is the
level density parameter after neutron evaporation, plays
an important role in fission calculations. The choice of
appropriate af/an values stands as a problem in the cal-
culations [3].

Radiation therapy is a form of cancer treatment that
uses radiation to destroy malignant cells. For this pur-
pose, 137Cs is used because of its appropriate half-live
value. It is produced in the fission the 235U core. There-
fore (n,f) reaction cross section for 235U has been cal-
culated in [4]. At the same time, some other isotopes
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such as iodine are also vital, especially in medical sci-
ence, and thus the production of these isotopes becomes
important. 125Te (p,xn) reaction, in which iodine can be
produced, was calculated for the 5.5–100.5 MeV energy
range using TALYS code. The calculated 125Te (p,xn)
cross sections have been compared with results obtained
by ALICE/ASH code [5]. Aside from the medical stud-
ies, TALYS code was also used in photonuclear appli-
cations. Zirconium is a very strong metal and it is the
best construction material for elements of nuclear reac-
tors, like cladding of fuel elements, due to its low neutron
cross-section. The zirconium is also a potential target
for the production of medical isotopes. For this purpose,
the cross sections of (γ,n) reaction in natZr, 90Zr, 91Zr,
92Zr, 94Zr and 96Zr targets have been calculated using
the TALYS code [6]. The photonuclear reaction cross
sections, especially the photoneutron reaction cross sec-
tions, are the fundamental properties of nuclear systems.
Therefore, theoretical evaluation of photoneutron reac-
tion cross sections for 27≤A≤238 targets (27Al, 96Mo,
181Ta, 238U) have been investigated in the incident pho-
ton energy range of 7–35 MeV [7]. The cross section for
(γ,n) reaction is important for investigation of nuclear
structure, especially in low-energy giant dipole resonance.
The total cross sections of 12C(γ,n) and 12C(γ,p) reac-
tions were calculated using TALYS nuclear code. The ef-
fect of the gamma strength function on the cross sec-
tion exchange data has determined the most compatible
model type [8].

In this study, the cross section of the proton-induced
fission of uranium isotopes was calculated to show the
dependence on the choice of the ratio of the level
density parameters, af/an, by using ALICE/ASH [9]
and TALYS 1.6 [10] nuclear reaction simulation codes.
The calculations made by using ALICE/ASH and
TALYS 1.6 codes are compared with the existing exper-
imental data, EXFOR [11]. The obtained results have
been compared with the experimental results of Boyce
et al. [12, 13], Ohtsuki et al. [14] and Smirnov et al. [15].
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Fig. 1. Effect of the level density parameter ratio on
fission cross sections for proton induced fission in 233U.
The experimental data are taken from EXFOR.

Fig. 2. As in Fig. 1, for 234U.

Fig. 3. As in Fig. 1, for 235U.

2. Simulation software

ALICE/ASH code is a modified version of the AL-
ICE code, with additional pyhsics, capabilities and
corrections. The fission cross section computed with
ALICE/ASH-2006 is dependent on the choice of af/an,

Fig. 4. As in Fig. 1, for 236U.

Fig. 5. As in Fig. 1, for 238U.

which is the ratio of saddle point to after neutron evapo-
ration level densities. Because of the deformation at the
saddle point, this ratio is expected to be larger than 1.0.
The use of this ratio accounts, in an effective way, for a
change in the intrinsic level density parameter as well as
in the rotational enhancement.

Another code, TALYS is a nuclear reaction simula-
tion computer code system for the analysis and predic-
tion of nuclear reactions. The basic objective behind its
construction is the simulation of nuclear reactions that
involve neutrons, photons, protons, deuterons, tritons,
3He-and alpha particles. TALYS integrates the optical
model, direct, pre-equilibrium, fission and statistical nu-
clear reaction models in one calculation scheme and gives
a prediction for all open reaction channels.

3. Results and discussions

The calculated proton-induced fission cross sections
for uranium isotopes at different level density parame-
ter ratios by using both ALICE/ASH code and TALYS
1.6 code are shown in Figs.1–5. The ALICE/ASH and
TALYS 1.6 code calculation results were compared with
the available experimental data. It can be seen that the
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calculated fission cross sections are found to be remark-
ably sensitive to the variation of the af/an. Proton in-
duced fission cross sections increase sharply with the in-
creasing incident photon energy up to a certain value and
then continue to increase slowly.

4. Conclusions

The calculated fission cross sections are found to be re-
markably sensitive to the variation of the af/an. Proton-
induced fission cross sections increase sharply with in-
creasing incident proton energy up to a certain value and
then continue to increase slowly. It seems one can not ex-
actly describe the fission cross sections with a single value
of level density parameter ratio (af/an). A few percent
variations from the optimal value of the level density pa-
rameter ratio change the value of the cross section to a
large extent. To get a good description of the measured
fission cross sections for uranium isotopes, we need to
use a ratio of the level density parameters in the fission,
af/an depending on both, the target nucleus and on the
energy of the projectile.
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