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Introduction

Proton-induced reactions on medium-mass
nuclei are of fundamental interest and use-
ful for several applications. Recently, the ra-
dioisotopes 66,67,68Ga have attracted much at-
tention and are being widely used in the field
of nuclear medicine. In the present work, we
calculate the production cross section of 67Ga
via (p,n) reaction on 67Zn using the statistical
model. A detailed statistical model analysis
has been carried out to describe the proton
induced reactions over a range of energies and
understand the major nuclear reaction mech-
anisms such as direct, pre-equilibrium and
compound nuclear reactions. In carrying out
the statistical model analysis, we have investi-
gated the sensitivity of the data to the inputs
like the proton and neutron optical model po-
tential parameters, and level density param-
eters of nuclei involved. As a result of this
study, we recommend the best parameters to
be used in the statistical model analysis of the
proton-induced reaction on 67Zn for producing
67Ga. For this purpose, the calculations were
carried out using the latest TALYS-1.6 nuclear
reaction code [1].

Statistical Model Analysis

The cross-section calculations for proton en-
ergies ranging from threshold energy (Eth=1.8
MeV) to 25 MeV were performed for (p,n)
reaction on 67Zn using the statistical model
codes TALYS-1.6 [1] and EMPIRE-3.2 [2].
Here, the pre-equilibrium particle emission
has been described using the exciton model
while the Hauser-Feshbach theory takes into
account the equilibrium particle emission
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[1]. The experimental information on nuclear
masses, deformation, and low-lying spectra
are considered, where available, and in cases
where data are not available, local and global
input models are incorporated to describe the
nuclear structure properties, level densities,
optical potentials and other inputs. The pro-
ton and the neutron optical model potentials
considered here are from the global parameter-
ization [3]. The cross section data for various
reactions are taken from the EXFOR database
[4]. In the compound and pre-equilibrium
models, the level densities of the nuclei in-
volved play a crucial role. The nuclear level
densities can be calculated using phenomeno-
logical or microscopic prescriptions. We have
calculated the level densities within the Back-
shifted Fermi gas Model (BFM) using TALYS-
1.6 code and Enhanced Generalized Superfluid
Model (EGSM) using EMPIRE-3.2 [2] code.
Both discrete and continuum levels for differ-
ent nuclei are considered in the present work.
These calculations are referred to as TALYS-
default and EMPIRE-default, respectively.

There are several input parameters that can
be adjusted to obtain better agreement with
the data. The adjustable parameters in the
level density formula [1] are the asymptotic
level density parameter (a), shell damping pa-
rameter (γ), shell correction parameter (δW )
and constant for pairing energy (K). The in-
put parameters such as the depth of the poten-
tial, radius parameter and diffusseness param-
eter can be varied for the real and imaginary
parts of the central and spin-orbit potentials.
We have adjusted the above parameters and
the results for the reaction 67Zn(p,n)67Ga are
presented below.

Results
In the present work, we have calculated

the cross section of reaction 67Zn(p,n)67Ga
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by varying a, γ, δW and K to obtain the
best parameters that give better agreement
to the corresponding data. We find that the
values a = 14, γ = 0.03, δW = -5 and K
= 30 are required to get better agreement
with data. This calculation is referred to as
TALYS-present. It is to be noted that the
default values for a, γ, δW and K (TALYS-
default) are 8.06, 0.10, 1.0 and 12, respec-
tively. Using the above values fixed, we have
checked the sensitivity of data to the real and
imaginary parts of the central and spin-orbit
potentials. Only the variation of the imagi-
nary part of the central optical model poten-
tial was essential to get good agreement with
data.

0 5 10 15 20 25
0

150

300

450

600

750
         67Zn(p,n)67Ga  Expt.

 TALYS-present 
 TALYS-default
 EMPIRE-default

 

 

(p
,n

) (m
b)

E (MeV)

   Eth = 
1.8 MeV

FIG. 1: Calculated excitation function for
67Zn(p,n)67Ga reaction obtained with best input
parameters (TALYS-present). The cross sections
calculated using TALYS-default and EMPIRE-
default are also shown for comparison. The corre-
sponding experimental values [5] are also plotted.

The calculated cross sections of the (p,n)
reaction from threshold energy to 25 MeV for
67Zn, using best parameters (TALYS-present)
is shown in Fig. 1. The corresponding ex-
perimental values of (p,n) cross section [5] are
also shown in the same figure. It is to be
noted that only the data set recommended by
IAEA nuclear data section [4] is considered
here. The cross section calculations, TALYS-

default and EMPIRE-default are plotted in
Fig. 1 for comparison. It can be seen from
the figure, that both the default calculations
using TALYS and EMPIRE codes are simi-
lar to one another up to 18 MeV and both
show a significant shift towards lower energies
when compared with the data. Moreover, the
EMPIRE-default cross sections are lower for
higher energies (> 18 MeV). Clearly, the best
parameters obtained from the present analysis
using the code TALYS-1.6 show good agree-
ment with the data at all energies. The cal-
culated excitation function peaks at 11 MeV
and is in good agreement with data.

In summary, we have investigated the exci-
tation function of 67Zn(p,n)67Ga reaction with
proton energies ranging from threshold to 25
MeV using the code TALYS-1.6 considering
Back-shifted Fermi gas and two-component
exciton models. We find that the level density
parameter, shell damping parameter, constant
for pairing energy and imaginary part of the
central optical model potential are required to
be adjusted to obtain good agreement with
(p,n) cross-section data considered.
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