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【abstract】BAR-MOM code for calculating the height of the fission barrier Bf, the energy of the
ground state is presented; the compound nucleus stability by limit with respect to fission, i.e., the
angular momentum (the spin value) Lmax at which the fission barrier disappears, the three
principal axis moments of inertia at saddle point for a certain nucleus with atomic number Z,
atomic mass number and angular momentum L in units of h for 19<Z<102, and the model used
are introduced briefly. The generalized BAR-MOM code to include the results for Z≥102 by
using more recent parameterization of the Thomas Fermi fission barrier is also introduced briefly.
We have learned the models used in Code BAR-MOM, and run it successfully and correctly for a
certain nucleus with atomic mass number A, atomic number Z, and angular momentum L on PC
by Fortran-90. The testing calculation values to check the implementation of the program show
that the results of the present work are in good agreement with the original one.

   In heavy nuclei collision with sufficiently high
energies, the composite systems formed may have
angular momentum in excess of 100h . For the
system with such large angular momentum, it is
important to know whether a locally stable
equilibrium configuration of the fused nuclei exists.
This is because an equilibrium compound nucleus
may not be formed if such a configuration does not
exist. After formation of a compound nucleus, the
height of the fission barrier strongly affects the
probability of fission decay relative to other decay
channels. The moments of inertia of the saddle point
configuration mainly determine the angular
distribution of fission fragments. Therefore, A.J.
Sierk[1] presented a macroscopic rotating droplet
model of a rotating nuclei with following
modifications relative to the liquid drop model: (1)
The surface energy of the liquid drop model is
replaced by the Yukawa-plus-exponential nuclear
energy taking into account of the effects of finite
range of the nuclear force, nuclear saturation, and the
finite surface thickness of real nuclei[2]. (2) The
Coulomb energy is calculated for a certain charge
distribution with a realistic surface diffuseness[3]. (3)
The rotational moments of inertia are calculated for
rigidly rotating nuclei with realistic surface density
profiles[3]. (4) The parameters of the model for the
various contributions to the energy of the nucleus
provide a better fit than do those of the liquid drop
model to nuclear ground state masses and fission
barriers of non-rotating nuclei [2,4]. (5) A flexible
shape parameterization (a new triaxial shape
parameterization) is employed, which allows accurate

estimation of the convergence of results as a function
of the number of the degrees of freedom of the
nuclear shapes considered[5]. In addition, highly
accurate numerical techniques for the calculation of
details of the macroscopic potential energy surface
are utilized. From theoretical point of view, nuclear
systems with large amounts of angular momentum,
which are formed in heavy ion collisions, generally
also have high internal excitation energy. For
sufficiently high internal excitation energy, shell and
pairing effects vanish, and a macroscopic model may
be reasonable.
   Based on the model described above and using
the approximated fit method shown in Ref. [1] and its
appendix (BAR-MOM fit), A.J. Sierk developed the
code BAR-MOM[6] to calculate the height of the
fission barrier Bf , including the energy of the ground
state, the compound nucleus stability by limit with
respect to fission, i.e., the angular momentum(the
spin value) Lmax at which the fission barrier
disappears, the three principal axis moments of
inertia at saddle point for a certain nucleus with
atomic number Z, atomic mass number and angular
momentum L in units of h . The calculated results
involving many hundreds of nuclei have been
approximated in a useable accurate values for Lmax, Bf
(L), and the saddle point three principal axis moments
of inertia for any measurable nucleus with 19<Z<102.
The calculated barrier for L=0 are accurate to a little
less than 0.1 MeV. The output from BAR-MOM fit is
a little less accurate. Worst errors may be as large as
0.5 MeV but the characteristic uncertainty is in the
range of 0.1~0.2 MeV. The values of ground state
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energy are generally approximated to within about
0.1~0.2 MeV. The approximate value of the stability
limit is always within 0.5 h  of the calculated one [7].
In the model used in BAR-MOM code, several
effects are neglected which may influence the results,
for instance, the temperature dependence of the
nuclear radius, surface diffuseness constants, and an
angular momentum dependence of the diffuseness,
the single particle effects and so on.
   According to the model introduced and the
calculated and fitted results analysis, M. Herman has
put the code BAR-MOM together with his well
known EMPIRE II statistical model code for nuclear
reaction calculations as a part of input parameters
library. In addition, he has generalized the BAR-
MOM code to include the results for Z≥102 by using
more recent parameterization of the Thomas Fermi
fission barrier[8] at zero spin, and assumed that
angular momentum dependence calculated with
BAR-MOM fit for Z=102 and A=256 is also valid for
the heavier nuclei. By using the self-consistent
Thomas Fermi model backed by liquid drop model
scaling rule for fission barriers, Ref. [8] has
constructed a simple algebraic equation for Thomas
Fermi fission barrier. The equation is accurate for
proton numbers greater than about 70 and for neutron
number up to at least 20 units on either side of beta
stability.  This  makes  it  possible  to  make  a

comprehensive comparison of the Thomas Fermi
theory with 120 measured fission barriers. For nuclei
lighter than uranium (fissility x≤40) the calculated
values reproduce in rather faithfully the measured
trend, with a fairly constant overestimate of about
1 MeV. It should be stressed that the parameters of
the Thomas Fermi model were not adjusted in any
way to the fission barriers [9]. The overall agreement
within 1MeV or so is quite remarkable for fissility
x≥40; the measured values decrease more slowly
with fissility x than the calculations, building up to an
excess over the calculated values of about 1 MeV for
fissility x≥42. Generally speaking, the model shows
the fission barriers rather well.
   In the present work, we have learned the models
used in Code BAR-MOM, and run it   successfully
and correctly for a certain nucleus with atomic mass
number A, atomic number Z, and angular momentum
L on PC by Fortran-90. Table 1 shows the testing
calculation values to check the implementation of the
program. It can be seen clearly from the list of table 1
that the calculated results in the present work are in
good agreement with that presented in Ref. [7].
   The code BAR-MOM is available at CNDC, and
it can be used for nuclear data calculation or as an
input parameter library for fissional nuclei statistical
model calculations. It is also functional in heavy ion
physics and other fundamental research of nuclear
physics.

Table 1 Testing values to check implementation of the code BAR-MOM

Z A L Egnd st Fiss Bar Moments of Inertia Lmax

28 58 0 0.00 33.14 0.816 3.603 3.608 46.1*
0.00 33.15 0.816 3.601 3.601 45.9**

28 58 25 21.36 19.50 0.778 3.662 3.662 45.9*
21.54 19.51 0.778 3.656 3.656 45.9**

28 58 40 49.66 2.97 0.724 3.648 3.650 45.9*
50.10 2.90 0.723 3.648 3.654 45.9**

65 153 0 0.00 28.88 0.621 3.698 3.698 82.3*
0.00 28.88 0.621 3.698 3.698 82.3**

50 19.00 16.16 0.615 3.639 3.639 82.3*
19.09 16.16 0.615 3.638 3.642 82.3**

80 45.24 0.26 0.616 2.765 2.788 82.3*
45.20 0.27 0.615 2.802 2.802 82.3**

93 229 0 0.00 3.76 0.823 1.747 1.747 68.1*
0.00 3.70 0.715 1.749 1.749 68.9**

45 8.21 1.26 0.765 1.578 1.578 68.1*
8.09 1.24 0.764 1.589 1.589 68.9**

          Z  atomic number
          A  atomic mass number
          L  angular momentum
          Egnd st  energy of ground state
          Fiss Bar  Fission barrier
          Moments of Inertia   three principal axis moments of inertia at saddle point
          Lmax   angular momentum (the spin value) at which the fission barrier disappears
          *   calculated results in Ref[7]
          **  calculated results in the present work
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【abstract】A set of optimal neutron optical potential parameter is obtained based on
experimental data of total, nonelastic, elastic scattering cross sections and elastic scattering
distribution. All cross sections of neutron induced reaction, γ-ray produced cross sections,
angular distribution, energy spectrum and double differential cross sections are calculated and
analyzed for n+112 120Sn at incident neutron energies below 20 MeV. All experimental data are
taken from EXFOR library and other evaluated data from JENDL-3.

   Introduction
    
   The element stannum (Sn) is one of the important
fission product nuclei. 112Sn (abundance is 0.97%)
and 120Sn (abundance is 32%) are isotopes of the
natural stannum.
   In this work, theoretical models are used to
calculate and analyze neutron-induced all cross
sections and energy spectra below 20 MeV. An
overview of the theoretical models used in this work
is introduced in Section 1 and the analysis and
comparisons of calculated results with experimental
data are given in Section 2, a simple conclusion
presented in Section 3.

   Owing to the absence of experimental data for
isotopes 112Sn and 120Sn, the calculated results of total,
nonelastic, (n,γ) cross sections, elastic scattering
distribution at partly incident energy points, neutron
energy spectrum and double differential cross
sections are compared with experimental data of
natural stannum.

1 Theoretical Models and Parameters
    

The latest version of the UNF code[1] used on the
optical model, the semi-classical model of multi-step
nuclear reaction processes, was used to calculate


