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ORIGINAL STUDY

Assessing the Influence of Level Density and Gamma
Strength Function on Cross-section and Isomeric
Ratio in Bremsstrahlung-induced Reaction of
Tellurium Isotopes Within GDR Region Using TALYS
2.0 and GEANT4

Bui Minh Hue*, Tran Duc Thiep

Institute of Physics, Vietnam Academy of Science and Technology, 10 Dao Tan, Giang Vo, Hanoi 10000, Viet Nam

Abstract

This work reports the theoretical calculations of cross-section and isomeric ratios (IR) of 119m,gTe, 121m,gTe, 127m,gTe
and 129m,gTe generated through bremsstrahlung-induced photonuclear reactions on natural Te target in the Giant Dipole
Resonance (GDR) region. The IRs were computed as a function of bremsstrahlung endpoint energies, varying from 10 to
25 MeV. This was accomplished by convolving differential cross-sections calculated by TALYS 2.0 code and brems-
strahlung spectra simulated by the GEANT4 toolkit. To assess the influence of nuclear level density (LD) and gamma
strength functions (gSF) on cross-sections and IRs, we computed and evaluated all available LD and gSF models within
TALYS 2.0 code, including 60 combinations. The outcomes were compared with experimental data from the EXFOR
database, confirming the validity of the GEANT4 and TALYS codes as reliable tools for predicting cross-sections and IRs
of Te isotopes in photonuclear reactions within the GDR region. Furthermore, the results highlight the significant role of
LD models and gSFs in accurately modeling and estimating photonuclear reaction cross-sections and IRs.

Keywords: Isomeric ratio, Cross-section, Bremsstrahlung-induced reaction, GDR region, TALYS 2.0 code, GEANT4 toolkit

1. Introduction

P hotonuclear reactions in the Giant Dipole Reso-
nance (GDR) region, typically occurring within the

photon energy range of 10e30 MeV, result from
photon-induced collective nucleon excitation in the
nucleus, characterized by a large photon absorption
cross-section peak [1]. Understanding photonuclear
reactions in the GDR region and the formation of
isomeric states are crucial in the study of nuclear
structure, reaction mechanism, applications, and stellar
nucleosynthesis. The GDR region is particularly
important in modeling the processes that occur during
supernovae and other astrophysical events [2]. Owing
to the scarcity of high-intensity quasi-monoenergetic

photon sources, the majority of photonuclear data have
been derived from bremsstrahlung-induced reactions.
Bremsstrahlung spectra exhibit a continuous energy
distribution, rendering the direct determination of dif-
ferential cross-sections nearly impossible. Conse-
quently, alternative approaches, such as measurements
of yield, flux-weighted average cross-sections, inte-
grated cross-sections, and isomeric yield ratio (IR),
have been developed and utilized [3e11]. IR repre-
sents the relative population of an isomeric state
versus an unstable ground state, garnering significant
scientific interest in photonuclear reactions within the
GDR region. It provides valuable insights into nuclear
structure, properties, and reaction mechanisms, as it
strongly correlates with various factors such as the
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energy and angular momentum of the incident projec-
tile, LD, gSF, and the spin distribution of the excited
nucleus [5e20]. Furthermore, the study of IR is
essential for validating various nuclear reaction
models. The experimental data on IRs for many nuclei
remain scarce and incomplete, hindering a compre-
hensive understanding of their behavior. This un-
derscores a significant need for theoretical predictions
to supplement the gaps in experimental measurements,
offering a more complete perspective on nuclear pro-
cesses and improving model accuracy.
The initial theoretical calculations of IR were inves-

tigated and introduced by Huizenga and Vandebosch in
the 1960s [13,14]. The Huizenga e Vandebosch model
for IR calculation has limitations, particularly in
assuming a constant spin cut-off parameter, which ig-
nores its variation with excitation energy. The model's
accuracy is further affected by assumptions regarding
g-ray cascade multiplicity and multipolarity, as well as
the neglect of detailed nuclear level structure during
final g-cascade calculations. To date, numerous
advanced computational codes have been developed
and employed to calculate reaction cross-sections
based on sophisticated nuclear models. Among the
most prominent for simultaneously predicting nuclear
reaction channels are GNASH [21], ALICE [22], STAPRE
[23], EMPIRE [24], and TALYS [25,26]. TALYS is a
robust and versatile computational code system for
analyzing and forecasting nuclear reactions, enabling
detailed simulations of reactions induced by n, p, g, d, t,
3He, and 4He covering an energy range from 1 keV to
200 MeV. It employs the latest nuclear models and
relies on validated nuclear structure parameters to
calculate cross-sections, reaction rates, and other nu-
clear properties. Moreover, TALYS code is user-
friendly, easy to use, frequently updated, and
commonly employed alongside experimental data to
produce reliable results for nuclear physics, astro-
physics, medical isotope production, and nuclear
reactor, offering greater flexibility and accessibility
compared to many other codes.
The accuracy of statistical models for predicting

compound nuclear reaction cross-sections is highly
dependent on nuclear input models, particularly LD,
gSF, and optical potentials. LD is a primary source of
uncertainty, as it directly influences the probability of
nuclear transitions or decays. Meanwhile, gSF is
another essential input for determing photo-irradiated
reaction cross-sections in the GDR region. To enhance
predictive reliability, model calculations employing
various combinations of LD and gSF are validated
against experimental data, facilitating the identification
of the most accurate inputs. The TALYS code [25e28]
offers various options for LDs and gSFs, enabling the
exploration of optimal combinations to minimize

uncertainties in photonuclear reaction cross-sections.
The calculation of IR requires not only the cross-
sections computed using TALYS but also the brems-
strahlung spectral flux, which can be derived using
Monte Carlo simulation frameworks like GEANT4 [29],
MCNP [30], or FLUKA [31]. GEANT4 is a freely avail-
able, open-source software developed by CERN for
simulating particle interactions with matter, providing
capabilities for modeling particle tracking, detector
geometry, and associated physical processes. One of the
key advantages of GEANT4 is its flexibility, allowing
users to build their simulation applications by
extending predefined virtual classes.
Tellurium (Te) in its natural form comprises eight

isotopes with the following isotope abundances:
120Te (0.09 %), 122Te (2.55 %), 123Te (0.89 %),
124Te (4.74 %), 125Te (7.07 %), 126Te (8.84 %),
128Te (31.74 %), and 130Te (34.08 %). The isotopes of
Te and their isomeric states are of significant interest in
nuclear structures, astrophysics, medical isotope pro-
duction and nuclear reactor. Specifically, 120Te, 122Te,
123Te, 124Te, and 130Te are used to produce iodine ra-
dioisotopes (120I, 122I, 123I, 124I and 131I) for applica-
tions in PET imaging, gamma imaging, and thyroid
diagnostics and thyroid cancer treament [32e34].
Moreover, 120Te is one of the nuclei involved in the
proton capture process (p-process), the process that
mainly involves (g, p), (g, alpha) and (g, n) reactions,
which reaction rates are mostly calculated using
Hauser-Feshbach statistical model [2]. Photonuclear
reactions on heavier Te isotopes also play important
roles in the slow neutron capture process (s-process).
The (n, g) reaction rates that are important for the s-
process calculation can be constrained using the in-
verse (g, n) cross-section. Te isotopes provide crucial
insights into the development of IR as neutron subshell
populations vary across a wide mass range
(A ¼ 119e130). With two protons above the Z ¼ 50
shell closure and N ¼ 67e79 neutrons, these isotopes
are particularly valuable for testing nuclear models due
to their small valence proton number and extensive
valence neutron range, spanning from mid-shell to near
the N ¼ 82 closure.
There is limited research available on reaction cross-

sections for Te isotopes in the (g, n) reaction within the
10e25 MeV energy range. The EXFOR library [35]
shows that only one publication exists for 120Te [36],
and one for 128Te and 130Te [37]. Studies on IR are
slightly more extensive, with four publications on
119m,gTe [10,16,18,20] and 121m,gTe [10,16,19,20], three
on 127m,gTe [10,17,19], and seven on 129m,gTe
[10,15,17e20]. However, significant discrepancies
remain among experimental results, and notably, no
comprehensive theoretical study has been conducted to
investigate the effects of different LD and gSF models
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on the cross-sections and IRs of Te isotopes in the GDR
region.
This study aims to evaluate the impact of various LD

and gSF models on cross-section and IR calculations in
(g, n) reactions on 120Te, 122Te, 128Te, and 130Te nuclei
at bremsstrahlung endpoint energies of 10e25 MeV,
using the TALYS 2.0 code and GEANT4 toolkit and
determine the most consistent LD and gSF model via
comparisons with the experimental data.

2. Materials and methods

2.1. Calculation of cross-section using TALYS-2.0 code

The TALYS 2.0 code utilizes default keywords such as
the projectile, target element, target mass, and projec-
tile energy. With around 400 available keywords,
TALYS 2.0 allows customization based on the user's
objectives. In this study, beyond the default keywords,
additional keywords associated with LD models and
gSFs were used to compute the cross-sections. The LD
and gSF models include both phenomenological ap-
proaches, derived from empirical parameterizations of
nuclear properties, and microscopic models based on
detailed quantum mechanical calculations. Phenome-
nological models generally rely on a set of free pa-
rameters, the values of which are determined through
direct fitting to the limited experimental data. In
contrast, the outputs of most microscopic models must
be normalized to the available experimental data
before being incorporated into statistical model calcu-
lations. It is important to emphasize that in this work,
no normalization factor (Gnorm ¼ 1 in all calculations) is
applied when comparing the results with experimental
data.
The TALYS 2.0 code implements six level density

(LD) models, consisting of three phenomenological
models and three derived from microscopic calcula-
tions: Constant Temperature plus Fermi Gas Model
(CT þ FG) [LD1]: Merges the constant temperature
model for low excitation energies with the Fermi gas
model at higher energies; Back-shifted Fermi Gas
Model (BSFG) [LD2]: Modifies the Fermi gas model by
introducing an energy back-shift to improve agreement
with experimental observations; Generalized Super-
fluid Model (GSM) [LD3]: A phenomenological model
that incorporates nuclear pairing effects, essential for
describing superfluid behavior in nuclei; Microscopic
Level Density Models: These are derived from nuclear
structure calculations using the Hartree-Fock-Bogoliu-
bov framework and stored in tabulated form: Skyrme-
Hartree-Fock-Bogolyubov level densities (SHFB) [LD4],
Skyrme-Hartree-Fock-Bogolyubov combinatorial level
densities (SHFBC) [LD5], Temperature-dependent

Gogny-Hartree-Fock-Bogolyubov combinatorial level
densities (TGHFBC) [LD6].
The TALYS 2.0 code includes tenmodels for the electric

dipole (E1) gSF, each offering distinct approaches to
modeling the E1 transition: Kopecky-Uhl Generalized
Lorentzian (KUGL) [S1]: Commonly referred to as the
generalized Lorentzian model (GLO), this approach,
developed by Kopecky and Uhl, accounts for the energy
and temperature dependence of the E1 transition width;
Brink-Axel Lorentzian (BAL) [S2]: A standard Lorentzian
model that complies with the Brink-Axel hypothesis;
Hartree-Fock Bardeen-Cooper-Schrieffer (HF-BCS) [S3]:
Utilizes the Hartree-Fock approach coupled with
Bardeen-Cooper-Schrieffer (BCS) theory to generate
level density tables; Hartree-Fock-Bogoliubov (HFB)
[S4]: Based on the Hartree-Fock-Bogoliubov method for
nuclear structure calculations; Goriely's Hybrid Model
(GHM) [S5]: Combines microscopic HFB predictions for
lower energies with a phenomenological GLO model for
higher energies, particularly near the Giant Dipole
Resonance (GDR); Goriely's Temperature-Dependent
Hartree-Fock-Bogoliubov (GT-HFB) [S6]: Enhances the
HFB framework by incorporating temperature depen-
dence and QRPA corrections, as developed by Goriely;
Temperature-Dependent Relativistic Mean Field (T-
RMF) [S7]: A temperature-dependent relativistic mean
field model proposed by Daoutidis and Goriely; Gogny
D1M HFB þ QRPA [S8]: Applies the HFB approach
combined with QRPA, using the D1M version of the
Gogny force, as calculated byGoriely; SimplifiedModified
Lorentzian Model (SMLO) [S9]: Offers a simplified
variant of the traditional Lorentzian framework; Skyrme
HFBþ QRPA (S-HFBþ QRPA) [S10]: Integrates the HFB
model with QRPA, calculated using the Skyrme force, as
developed by Goriely.
This study systematically examined the influence of

various LD and gSF models on IRs by employing six LD
models and ten gSF models, yielding 60 model com-
binations to compute cross-sections for photon-
induced reactions on natTe target. Calculations were
performed across an energy range spanning from the
(g, n) reaction threshold to 25 MeV, with an increment
of 0.1 MeV. All potential reaction exit channels corre-
sponding to the specified projectile energy were
included in the calculations.

2.2. Simulation of bremsstrahlung using GEANT4 toolkit

Bremsstrahlung production was simulated using
Monte Carlo method in the GEANT4 toolkit, which
accurately modeled the experimental setup in Refs.
[10,15,19,20]. This includes modeling the detector ge-
ometry, materials, the primary beam, and accounting
for all relevant interactions and radiation events.
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Primary electron beams were generated using the
G4GeneralParticleSource class, which allows flexible
control over particle type, energy, and spatial and
angular distributions via macro commands. The elec-
tron beam simulation used a circular profile and
Gaussian energy distribution, matched to experimental
conditions. The “Shielding” physics list, a pre-config-
ured GEANT4 package developed at the SLAC, was
selected for its accurate combination of electromag-
netic and hadronic physics, including G4EmStandard-
Physics and G4EmExtraPhysics, making it ideal for
modeling g-ray flux. The geometry of the setup was
modeled in detail using custom implementations based
on the virtual G4DetectorConstruction class. GEANT4
tracks individual particle histories, with the overall
behavior reflecting cumulative effects across particles.
Photon tracking was enabled following target modeling
and source configuration, with detailed “delta” (d)
photon information extracted. Photon energy before
target interaction was stored in a CERN ROOT [38]
NTuples file, utilizing the user-defined G4User-
SteppingAction class in GEANT4 for implementation.
Analysis of the NTuples data revealed bremsstrahlung
as a function of photon energy. The bremsstrahlung
beam was produced through high-energy electron in-
teractions with a primary tungsten (W) target (con-
verter). Separate simulations were performed for
bremsstrahlung spectra over endpoint energies from
10 to 25 MeV in 1 MeV steps.

2.3. Calculation of isomeric ratio

The theoretical IRs for bremsstrahlung-induced
photonuclear reactions are computed by using the
formula:

IR¼

N0

ZEmg

Emth

smðEÞfðEÞdE

N0

ZEmg

Egth

sgðEÞfðEÞdE

; ð1Þ

Here, N0 represents the number of target nuclei, EmðgÞ
th

denotes the threshold energy for the isomeric (ground)
state, Em

g is the bremsstrahlung endpoint energy,
smðgÞðEÞ refers to the cross-section for the isomeric
(ground) state, and f(E) stands for the bremsstrahlung
flux. The bremsstrahlung spectrum was simulated using
GEANT4 and subsequently convolved with theoretical
cross-sections calculated by the TALYS 2.0 code to
derive theoretical IRs, as outlined in Formula (1).

3. Results and discussion

3.1. The bremsstrahlung spectra

The energy-dependent bremsstrahlung flux distri-
bution was modeled using the GEANT4 toolkit. The
simulation setup, including geometry, materials, and
the primary electron beam, was designed to replicate
the experimental conditions described in Refs.
[10,15,19,20]. Fig. 1 illustrates the simulated brems-
strahlung spectra for endpoint energies ranging from
10 to 25 MeV, generated using the GEANT4 toolkit.

3.2. Cross-sections

The total cross-sections in the photonuclear reactions
on natTe within the GDR region were computed using

Fig. 1. The bremsstrahlung spectra generated employing the GEANT4 toolkit.
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all possible mergers of LD and gSF in TALYS 2.0, and
the outcomes are then validated by experimental
values in EXFOR database [35]. Figs. 2e5 show the
calculated cross-sections of 120,122,128,130Te nuclei in
the (g, n) reactions compared with the experimental
measurements in Refs. [36,37]. It is noted that only the
experimental data taken from Ref. [36] are available for
the 120Te(g, n)119Te reaction. These data were ob-
tained using a bremsstrahlung beam produced by the
Microtron MT-30. The reaction cross-sections were not
directly measured but inferred from yield measure-
ments through the inverse matrix method. For re-
actions 128Te(g, n)127Te and 130Te(g, n)129Te, the
measured experimental data in Ref. [37] using a quasi-
monoenergetic photon beam produced at the 60 MeV
LINAC at Saclay.
In the Fig. 2, the gSF theories can be seen showing

two categories: the theories with one (KUGL [S1], BAL
[S2], HFB [S4], GHM [S5], GT-HFB [S6], GD1M
HFB þ QRPA [S8] and SMLO [S9]) and two resonances
(the rest including HF-BCS [S3], T-RMF [S7], S-
HFB þ QRPA [S10]), while the measured data illustrate
only one peak. It should be noted that, according to the
NuDat3.0 database [40], the quadrupole deformation
parameter (b2) values for 120Te is 0.121 while the
reference data provided in TALYS lists the corre-
sponding b2 value of 0.197. The divergence in b2 seems
to have significantly impacted the theoretical cross-
section calculations as evident in the two giant reso-
nance peaks observed for S3, S7, and S10 combined
with various LD models, resulting in subtantial dis-
crepancies with the experimental values.
The combination of all six LD models with each

specific gSF except for GD1M HFB þ QRPA [S8] and
SMLO [S9] gSFs display relatively comparable GDR
cross-section behavior but demonstrate distinct varia-
tions at energies of 18 MeV and above. The HFB [S4]
and GT-HFB [S6] gSFs exhibit fundamental similarities.
Both are derived using the Hartree-Fock-Bogoliubov
model built upon the Skyrme force with QRPA calcu-
lations. However, for S6, Goriely et al. [39] introduced
an extension by incorporating a temperature-depen-
dent term to the GDR width. Despite this modification,
Figs. 2e5 clearly demonstrate that the GDR shapes for
these two cases are identical. The calculated results of
GD1M HFB þ QRPA [S8] with GSM [LD3] express the
best similarity with experimental data within the en-
ergy region of 12e20 MeV. There are still large dis-
crepancies between theories and experiments
especially for the tail of the resonance peak.
Entirely analogous to the previous reaction, in Fig. 3,

gSFs HF-BCS [S3], T-RMF [S7], S-HFB þ QRPA [S10]
combined with different LD models, predict the cross-
section of 122Te (g, n)121Te reaction with two maxima,
while the other gSFs exhibit only a single resonance

peak. Except for cases where level density models are
combined with GD1M HFB þ QRPA [S8] or SMLO [S9],
six level density models yield consistent cross-section
predictions in the energy range from 10 to 18 MeV;
beyond this range, the LDs show discrepancies.
Following to NuDat3.0 database [40], the b2 value of
122Te is 0.131 whilst that in TALYS is 0.188, leading to
the prediction of two GDR peaks resulted from the
combinations of S3, S7 and S10 with different LD
models. Unfortunately, no experimental findings are
present in the existing literature. Therefore, future
measurements are essential to validate the accuracy of
the theoretical LD and gSF models for this case.
For the 128Te(g, n)127Te reaction data demonstrated

in Fig. 4, the agreements between theories and exper-
iments seem reasonable. Particularly, the experimetal
data of Lepretre [37] is nicely explained by the
computed results of the phenomenological gSF model
BAL [S2] and microscopic one S-HFB þ QRPA [S10]
with different LD models around the peak region
ranging from 10 to 16 MeV. On the right side of GDR
region, it reveals inconsistencies in all LD models.
In Fig. 5, for 130Te(g, n)129Te reaction, analogy to the

previous case, the GDR region is characterized by one
peak and all combinations of LD and gSF predict rela-
tively well the measured data taken from Ref. [37]. In
the TALYS code, the b2 values for 128Te and 130Te are
0.115, and 0.09, respectively which show slight dis-
crepancies compared to the corresponding b2 of
0.1352, and 0.1184 in the NuDat3.0 database. It is
entirely reasonable that a nucleus with a small quad-
rupole deformation parameter, or in other words, a
nearly spherical nucleus, exhibits only a single giant
resonance peak. The combination of SHFB [LD4] or
TGHFBC [LD6] with SHFB þ QRPA [S10] provides the
best agreement with the experimental values. Notably,
the merger of LD4/LD6 model with other gSF produces
higher results compared to other combinations in the
right-hand region of the GDR. Similar to other re-
actions, the calculations for HFB [S4] yield outcomes
identical to those for GT-HFB [S6]. However, the GDR
peak height for the S4/S6 calculations underestimates
the experimental data.
Comparing with experimental data to the right of the

resonance peak allows for evaluating which level den-
sity theory is more accurate. However, this assessment
remains challenging owing to the significant errors
present in the experimental measurements in this re-
gion. This highlights the importance of comparing
theory with experiment based on IRs rather than cross
sections. This comparison will be further discussed in
the following subsection of this paper.
Futhermore, the cross sections for producing

119Te, 121Te, 127Te and 129Te isotopes at the isomeric
and ground states through (g, n) reactions using
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Fig. 2. The calculated cross-sections of 120Te(g, n)119Te reaction using different combinations of existing LD and gSF in TALYS 2.0 along with
experimental values [36].

B.M. Hue, T.D. Thiep / Eurasian Journal of Physics and Functional Materials 9 (2025) 150e167 155



Fig. 3. The calculated cross-sections of 122Te (g, n)121Te reaction using different combinations of existing LD and gSF in TALYS 2.0.
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Fig. 4. The calculated cross-sections of 128Te (g, n)127Te reaction using different combinations of existing LD and gSF in TALYS 2.0 along with
experimental values [37].
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Fig. 5. The calculated cross sections of 130Te (g, n)129Te reaction using different combinations of existing LD and gSF in TALYS 2.0 along with
experimental values [37].
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combinations of six LD models and gSF SMLO [S9] in
TALYS 2.0 code are depicted in Fig. 6.
It can be observed that, although total cross-sections

are nearly identical except for the right-hand region of

the GDR peak, as shown in Figs. 2e5, there are signif-
icant disagreement among the LD models used for
calculating the isomeric production cross-sections,
while the differences are relatively smaller for that of

Fig. 6. The cross-sections for producing isomeric pairs of 119,121,127,129Te through (g, n) reactions using combinations of six LD models and SMLO [S9]
in TALYS 2.0 code.
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the ground state. This deviation may arise from varia-
tions in spin distribution among the LD models.
Fig. 7 illustrates the calculated contributions of

compound, pre-equilibrium, and direct processes to the
total photoneutron reaction cross-section on isotopes
119,121,127,129Te, using the SHFB [LD4] and KUGL [S1]
models as a representative example.
The calculations indicate that compound mechanisms

dominate in the GDR region, with their contribution to
the total (g, n) cross sections exceeding 90 %, while the
pre-equilibrium contribution is minimal, and the direct
process is completely absent.

3.3. Isomeric ratio

The calculated IRs were derived from the convolution
of TALYS-based calculated differential cross-sections
with GEANT4-based simulated bremsstrahlung spectra.
Detailed comparisons between the calculated theoret-
ical IRs and experimental values for isomeric pairs
119m,gTe, 121m,gTe, 127m,gTe and 129m,gTe are presented in
Figs. 8e11. Attention is drawn to the fact that the

computed results exhibit significant variations in IRs
depending on the choice of LD models and gSFs, high-
lighting the critical influence of these factors in the
calculations.
A consistent trend in the dependence of the IR on

bremsstrahlung end-point energies in the range of
10e25 MeV was identified in both theoretical pre-
dictions and experimental data for the isomeric pairs
119m,gTe, 121m,gTe, 127m,gTe and 129m,gTe. The IRs exhibit
a rapid increase from the reaction threshold to the peak
of the GDR region, followed by a more gradual rise. This
behavior is reasonable, as the transfer of angular mo-
mentum to the compound nucleus at low energies
contributes to a significant increase in IR alongside
rising excitation energy. At higher energies, the IR
continues to grow moderately, likely influenced by the
contributions of pre-equilibrium and direct reaction
mechanisms, as well as other competing channels.
Additionally, the theoretical results indicate that the

IR increases with the enhancement of isotope mass
from A ¼ 119 to A ¼ 129. This phenomenon is also
corroborated by experimental data reported in Refs.

Fig. 7. Cross-sections for the (g, n) reaction on 120,122,128,130Te nuclei.
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Fig. 8. The calculated IRs of 119m,gTe using different combinations of existing LD and gSF in TALYS 2.0 in comparison with the literature.
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Fig. 9. Theoretically calculated IRs of 121m,gTe using different combinations of existing LD and gSF in TALYS 2.0 in comparison with the literature.
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Fig. 10. Theoretically calculated IRs of 127m,gTe using different combinations of existing LD and gSF in TALYS 2.0 in comparison with the literature.
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Fig. 11. Theoretically calculated IRs of 129m,gTe using different combinations of existing LD and gSF in TALYS 2.0 in comparison with the literature.
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[16,17,19,20], although it is not observed in Refs.
[10,18]. Another effect is observed in both theoretical
values and experimental data concerning the spin of
isomeric pairs. The spin of isomers 119mTe, 121mTe,
127mTe and 129mTe is 11/2-, while the ground state spin
is 1/2þ for 119gTe and 121gTe, and 3/2þ for 127gTe and
129gTe. The results reveal that IRs of 127mgTe and
129mgTe are higher than that of 119m,gTe and 121m,gTe,
namely, IR increases with the rise in the ground state
spin.
Fig. 8 illustrates the calculated IRs of 119m,gTe ob-

tained using various combinations of available LD and
gSF models in TALYS 2.0, compared with values re-
ported in the EXFOR library.
The trend in experimental data for IRs of 119m,gTe

from previous studies shows significant inconsistency
in the energy range from 19 MeV and above. However,
it is evident that the results obtained by using KUGL
[S1], BAL [S2], and GD1M HFB þ QRPA [S8] gSFs align
best with the experimental data. The SMLO [S9]
combining with CT þ FG [LD1] or SHFBC [LD5]
(S9 þ LD1/LD5) underpredict the experimental data
while S9 with the other LD models overpredict the
experimental data. The remaining gSFs with different
LD models underpredict the exprimental data. Only a
handful of LD models for each of the S1, S2, and S8
gSFs match the experimental results, underscoring the
importance of this study in ruling out less accurate
theories. Specifically, the calculated values using
S1 þ LD3, S2 þ LD5 or S8 þ LD6 expresses a good
similarity with the experimental data in Ref. [16] and
the values in Ref. [10] at 16 and 19 MeV, whereas the
data at 14, 23.5 and 25 MeV in Ref. [10] are nicely
explained by the results of S1 þ LD4 calculations.
The IRs of 121m,gTe, calculated using various LD and

gSF model combinations in TALYS 2.0, are shown in
Fig. 9, with comparisons to literature values. In the
case of 121m,gTe, the experimental data points exhibit
significant discrepancies, which may be related to
uncertainties in estimating systematic errors and the
half-life. Notably, in the case of 121Te and 127Te, there
is a relative mismatch between the results reported by
Refs. [10,16], attributed to differences in the half-life
values referenced in different databases. In Thiep's
study, the half-lives of the Te isotopes were taken from
Ref. [41], whereas Mazur's study referred to the Nu-
clear Data Sheets [42,43]. The half-lives for 121mTe,
121gTe, and 127mTe were reported as 154 days, 16.8
days, and 109.0 days, respectively, in Thiep's work,
compared to 164.2 days, 19.17 days, and 106.1 days in
Mazur's. It can be observed that the computed
outcome using the S8 þ LD3 model is in good agree-
ment with the experimental value of [10], while
S1 þ LD1 align well with the remaining three experi-
mental sets [16,19,20].

Fig. 10 presents the IRs of 127m,gTe calculated using
different LD and gSF model combinations in TALYS 2.0,
alongside comparisons with previously published data.
The case of 127m,gTe is analogous to that of 121m,gTe;

however, it exhibits a greater number of red experi-
mental data points [10] compared to the former case,
along with systematically higher values. This discrep-
ancy may be attributed to an error in the systematic
uncertainty assessment in one of the experiments and
the differing half-life references, as previously dis-
cussed. In this scenario, most gSFs, with the exception
of GD1M HFB þ QRPA [S8], produce results lower than
the experimental data. The experimental results re-
ported by Mazur [17] are consistent with the theoret-
ical predictions derived from the S8 þ LD6 or
S9 þ LD2/LD6 combinations in the energy range of
10e13.5 MeV, whereas at higher energies, the
S8 þ LD4 model calculations exhibit a slight
correlation.
Fig. 11 depicts the IRs of 129mgTe calculated using

different LD and gSF model combinations in TALYS 2.0,
compared to previously published findings.
For the case of 129m,gTe, the experimental data points

are in good agreement with each other and also show a
consistent trend. However, when compared with
theoretical predictions, it becomes clear that most
increasing trends in the IR do not align with the
experimental data. This highlights a significant issue
with the theory applied in this case, calling for
improved theoretical models. It is particularly note-
worthy that between 10 and 13.5 MeV, all theoretical
results overpredict the experimental values. In the
higher energy region, calculations employing the SHFB
[LD4] model combined with KUGL [S1] or SMLO [S9],
and TGHFBC [LD6] paired with GHM [S5] or GD1M
HFB þ QRPA [S8], demonstrate a moderate alignment
with the experimental data.

4. Conclusions

The IRs of four isomeric pairs 119mgTe, 121mgTe,
127mgTe and 129mgTe produced in bremsstrahlung-
irradiated reactions within the GDR region have been
computed by employing a combination of the TALYS
2.0 code and the GEANT4 toolkit. The combinations of
six LD models and ten gSFs available in TALYS 2.0 have
been implemented to survey the influence of different
LD and gSF models on the cross-sections and IRs of Te
isotopes. The calculated results were compared with
the experimetal data in EXFOR library to verify the
reliability of the theoretical models. The calculations
demonstrated a distinct trend in the dependence of IR
on bremsstrahlung end-point energies for the isomeric
pairs 119m,gTe, 121m,gTe, 127m,gTe and 129m,gTe.
Furthermore, the results highlighted that the
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compound reaction mechanism predominates within
the GDR region, underscoring its critical role in the
observed behavior. The effects of the excitation energy,
isotope mass dependence, and spin on the IRs were
also investigated. This confirms the reliability of
GEANT4 and TALYS codes as robust tools for esti-
mating cross-sections and IRs of Te isotopes in
photonuclear reactions within the GDR region. The
calculations reveal notable variations in cross-section
and IRs arising from the selection of LD models and
gSFs, reflecting the critical impact of these parameters
on the accuracy of describing and predicting photonu-
clear reaction cross-sections and IRs for Te isotopes.
The deficiencies of nuclear models with inaccurate
descriptions should be addressed and improved in
future studies.
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