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The cross section for (γ,N) reaction is important for investigation of nuclear structure, especially in low-energy
giant dipole resonance (GDR). The total cross sections of 12C(γ,n)11C and 12C(γ,p)11B reactions, calculated using
TALYS 1.2 nuclear code, are 15.5 to 40 MeV and 15 to 110 MeV, respectively. In the calculations, the default
pre-equilibrium models and Brink-Axel Lorentzian model in all of the gamma strength functions have been used.
The effects of the gamma strength function on the cross section exchange data has determined the most compatible
model type. The results are compared with the experimental data from the EXFOR database and the evaluated
nuclear data from TENDL-2012. Our calculated results are in good agreement with the previously reported
experimental results.
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1. Introduction

Nuclear reactions usually involve light particles (p, n,
α, γ) colliding with a nucleus. Nuclear reactions, how-
ever, are usually induced by bombarding a sample with
energetic subatomic particles or high-energy photons.
The photon is a massless and neutral particle. In com-
parison with other particles it has a weaker interaction
with the target nucleus, and therefore it is less damag-
ing to it. For these reasons it is often preferred over the
other particles. At low energies, below about 30 MeV,
the giant dipole resonance (GDR) is the dominant ex-
citation mechanism, in which collective bulk oscillations
of the neutrons with respect to the protons occur [1].
In the giant resonance region, the incident photon inter-
acts with the dipole moment of the target nucleus and
the nucleus deexcities by emitting particles or γ-rays via
the compound-nucleus mechanism [2].

Photonuclear reactions are very important for the un-
derstanding of the structure of the atomic nucleus and
are widely used for variety of applications, such as calcu-
lations of the absorbed dose in the human body during
radiotherapy, nuclear waste transmutation, astrophysical
nucleosynthesis, physics of fusion and fission reactors [3].

2. Theoretical method and results

The cross section (σ) of a nuclear interaction is a mea-
sure of the probability of occurrence of such interaction,
which is highly dependent on the energy of the incident
particle. In this study, the theoretical photoneutron and
photoproton cross sections of 12C in photon-induced re-
actions have been calculated using TALYS 1.2 nuclear
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calculation code [4]. If the gamma-ray energy is varied
by changing the energy of the captured particle, the pho-
tonuclear cross section can be determined as a function
of photon energy [5]. The calculations on the excita-
tion functions of 12C(γ,n)11C and 12C(γ,p)11B reactions
have been carried out in the incident-photon energy inter-
val between 15.5–40 MeV and 15–110 MeV, respectively.
The calculated results have been compared with experi-
mental data existing in the EXFOR [6] and TALYS-based
Evaluated Nuclear Data Library (TENDL) [7] databases.

TALYS is a nuclear reaction simulation computer code
system for the analysis and prediction of nuclear reac-
tions. The basic objective behind its construction is
the simulation of nuclear reactions that involve neu-
trons, photons, protons, deuterons, tritons, 3He and
alpha-particles. TALYS integrates the optical model, di-
rect, preequilibrium, fission and statistical nuclear re-
action models in one calculation scheme and gives a
prediction for all open reaction channels. There are
five models (Kopecky-Uhl generalized Lorentzian, Brink-
Axel Lorentzian, Hartree-Fock BCS tables, Hartree-
Fock-Bogolyubov tables, Goriely’s hybrid model) for
E1 gamma-ray strength function in TALYS. Theoretical
cross section calculations are based on these gamma-ray
strength function models. Current study was performed
for energy range of the giant resonance region (GDR).
The total cross section curves obtained for photoneu-
tron and photoproton production in carbon are shown
in Figs. 1–10. The contribution of gamma strength func-
tions to photoproton and photoneutron cross-sections in
12C was also considered.

3. Conclusions

It can be concluded from this work, that the reac-
tion cross-sections of (γ,n) and (γ,p), calculated using
TALYS 1.2, nuclear calculations code, are in good agree-
ment with the experimental data. The agreement is
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Fig. 1. 12C(γ,n) reaction using Kopecky-Uhl general-
ized Lorentzian model.

Fig. 2. 12C(γ,p) reaction using Kopecky-Uhl general-
ized Lorentzian model.

Fig. 3. 12C(γ,n) reaction using Brink-Axel Lorentzian
model.

Fig. 4. 12C(γ,p) reaction using Brink-Axel Lorentzian
model.

Fig. 5. 12C(γ,n) reaction using Hartree-Fock BCS
model.

Fig. 6. 12C(γ,p) reaction using Hartree-Fock BCS
model.
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Fig. 7. 12C(γ,n) reaction using Hartree-Fock-
Bogolyubov model.

Fig. 8. 12C(γ,p) reaction using Hartree-Fock-
Bogolyubov model.

Fig. 9. 12C(γ,n) reaction using Goriely’s hybrid model.

Fig. 10. 12C(γ,p) reaction using Goriely’s hybrid
model.

particularly good in the case of calculated (γ,p) reac-
tion cross-sections. The results of theoretical calculations
also clearly show that the most appropriate model is the
Brink-Axel Lorentzian model.
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