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Abstract. Cross-sections and their isomeric ratios (σm/σg) for the 185Re(n, 2n)184mRe and
185Re(n, 2n)184gRe reactions in the 13–15MeV range were measured. The neutron activation tech-
nique was applied using the K-400 neutron generator at the Chinese Academy of Engineering Physics
(CAEP). Natural Re samples and Nb monitor foils were activated jointly to determine the reaction
cross-section and the incident neutron flux. The 3H(d, n)4He reaction was used to generate the neutron
beam. The pure cross-section of the ground state was derived from the absolute cross-section of the
metastable state using residual nuclear decay analysis. Numerical calculations using the nuclear-model-
based computer code TALYS-1.8 with six level density models were used to obtain 185Re(n, 2n)184m,gRe
reaction excitation functions and their isomeric cross-section ratios. Finally, experimentally determined
cross-sections were compared with corresponding literature data.

1 Introduction

Rhenium (Re) metal is a high temperature corrosion re-
sistant material, and its boron-based alloys are effective
neutron absorbers used in the regulation of nuclear reac-
tors. A high output of 14MeV neutrons can be achieved
via the 3H(d,n)4He reaction, with a flux rate of approx-
imately 3 × 1014 n/s [1]. As a result, the activation of
structural materials in fusion reactors has to be consid-
ered. 14MeV neutrons can induce a series of nuclear re-
actions including 185Re(n, 2n)184mRe, 185Re(n, 2n)184gRe
and 185Re(n, 2n)184m+gRe, and the related cross-sectional
data are of great importance for the evaluation of safety
in fusion reactors. In particular, they can be used to de-
termine the required treatment of radioactive waste from
reactor structural materials and improve radiation protec-
tion procedures.

In the neutron-induced 185Re(n, 2n) reaction, the iso-
meric state of the produced nuclei has a long half-life
(184mRe, T1/2 = 169 d, 184gRe, T1/2 = 35.4 d). After iso-
meric transition (IT), the excited state can affect the ac-
tivity of the ground state, and gamma rays generated af-
ter electron capture (EC) in the excited state coincide
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with the main characteristic rays in the ground state (see
fig. 1) [2]. This adds complexity to the measurement of the
cross-section of the pure 185Re(n, 2n)184gRe reaction. In
the 13–15MeV energy region, there is significant inconsis-
tency in published data regarding the 185Re(n, 2n)184mRe,
185Re(n, 2n)184gRe and 185Re(n, 2n)184m+gRe reactions.
For the 185Re(n, 2n)184mRe reaction, the value of the
cross-section in ref. [3] is more than 2.5 times greater
than the values reported in refs. [4–9]. For the
185Re(n, 2n)184gRe reaction, the cross-sections described
in refs. [3,5–7] are around 1800mb, while the values from
refs. [4,8,9] are around 1400mb. The results regarding the
185Re(n, 2n)184m+gRe reaction given in refs. [5–7] are al-
most 30% higher than those in refs. [4,8–10], and the value
in ref. [3] is even higher (about 3000mb).

Discrepancies in the literature mentioned above may
be due to the following two reasons. The first is related
to difference in decay data (i.e., the selection of charac-
teristic rays). As shown in fig. 1, the main characteristic
rays of the produced nuclei in the 185Re(n, 2n)184m,gRe re-
actions are partly coincident. However, the procedure for
eliminating these effects is not found in the published lit-
erature. The second pertains to the interference reaction
processing method. In the 185Re(n, 2n)184gRe reaction, the
effects of both IT and EC of 184mRe on 184gRe should be
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Table 1. Summary of 185Re(n, 2n) reaction cross-sections from previous measurements.

Reaction Decay data Detector Monitor reaction Reference

185Re(n, 2n)184mRe T1/2 = 2.2 d 197Au(n, 2n)196Au Ref. [3]

T1/2 = 169 d, Eγ = 104.73 keV, Iγ = 13.73% HPGe 93Nb(n, 2n)92mNb Ref. [4]

T1/2 = 169 d, Eγ = 920.933 keV, Iγ = 8.133% No information Ref. [5]

T1/2 = 169 d, Eγ = 104.7 keV, Iγ = 13.4% GeLi 93Nb(n, 2n)92mNb Ref. [6]

T1/2 = 169 d, Eγ = 920.93 keV, Iγ = 8.2% HPGe 27Al(n, α)24Na Ref. [7]

Eγ = 895 keV, Iγ = 14.8%; PROPC No information Ref. [8]

Eγ = 904 keV, Iγ = 44.5%

T1/2 = 169 d, Eγ = 104.7 keV (Iγ = 13.6%), HPGe 93Nb(n, 2n)92mNb Ref. [9]

Eγ = 161.3 keV (Iγ = 6.56%),

Eγ = 563.7 keV (Iγ = 3.33%),

Eγ = 920.9 keV (Iγ = 8.2%)

185Re(n, 2n)184gRe T1/2 = 50 d 197Au(n, 2n)196Au Ref. [3]

T1/2 = 38.0 d, Eγ = 112.07 keV, Iγ = 17.21% HPGe Ref. [4]

T1/2 = 38.0 d, Eγ = 903.282 keV, Iγ = 37.88% HPGe 93Nb(n, 2n)92mNb Ref. [5]

T1/2 = 38.0 d, Eγ = 641.9 keV, Iγ = 1.936% GeLi 93Nb(n, 2n)92mNb Ref. [6]

T1/2 = 38.0 d, Eγ = 792.07 keV Iγ = 37.7% HPGe 27Al(n, α)24Na Ref. [7]

T1/2 = 35.4 d, Eγ = 792.1 keV (Iγ = 37.7%), HPGe 93Nb(n, 2n)92mNb Ref. [9]

Eγ = 894.8 keV (Iγ = 15.7%),

Eγ = 903.3 keV (Iγ = 38.1%)
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Fig. 1. Metastable and ground states in the
185Re(n, 2n)184m,gRe reactions [2]. All energies are in
keV. Transition from both the excited and ground state is
represented by the bold black line, with the intensity in
brackets indicating rays originating from both states.

eliminated. Nevertheless, the elimination of these effects
has not been addressed in detail in previous studies.

Thus, in this study we utilize the latest decay data
and the related decay laws of the produced nuclei to
remove the effect of interference reactions and select
multiple appropriate characteristic rays. We then cal-
culate the weighted average of the cross-section of the
185Re(n, 2n)184mRe reaction and the 185Re(n, 2n)184gRe
reaction in the pure ground state and the related cross-
section ratio. The obtained cross-sections are then ana-
lyzed in comparison with theoretical and previously re-
ported results (table 1).

2 Experimental

2.1 Material

Disk of natural rhenium metal (purity 99.99%, about
1.0mm in thickness, 2.0 cm in diameter, China New Metal
Materials Technology Co, Ltd.) was sandwiched between
disks of niobium (purity 99.99%, 0.12mm in thickness) of
the same diameter. Three such samples (Nb-Re-Nb) were
prepared for irradiation.
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Fig. 2. Sketch of the experimental geometry.

2.2 Neutron energy and irradiation

The irradiation of the rhenium disks was performed at
the Chinese Academy of Engineering Physics (CAEP) K-
400 neutron generator. A beam with an effective deuteron
beam energy of 136 keV and current of 260μA was used for
the production of neutrons via the 3H(d,n)4He reaction.
The neutron-production target was a tritium-titanium (T-
Ti) target 2.20mg cm−2 in thickness. The neutron yield
was ∼ (3–4) × 1010n/(4πs). The sample positions in the
experiment are shown in fig. 2. Groups of samples were
placed at 0◦, 90◦ or 135◦ with respect to the beam line
and centered about the T-Ti target at distances of about
40mm. Natural Re samples and Nb monitor foils were
activated jointly to determine the reaction cross-section
and the incident neutron flux. Further details can be found
in our previously published work [11–13]. Neutron energies
in this measurement were obtained using the formula from
ref. [14], which is determined by the distance between the
sample and T-Ti target, the emergent angle and the radius
of the sample.

2.3 Gamma spectroscopic measurements

The activities of product radionuclides were measured
using high-purity germanium (HPGe) gamma-ray spec-
troscopy (∼ 68% relative efficiency, 1.69 keV resolution at
1332.5 keV of 60Co). The detector was connected to a dig-
ital gamma spectrometry system (ORTEC, model GEM
60P) and Maestro data acquisition software. The sepa-
ration between sample and detector was variable within
a range of 0 to 8 cm. Figure 3 shows the typical spectra
acquired from the irradiated Re samples during measure-
ment of isomeric and ground states, with the γ-rays of
interest marked. The γ-ray intensities and half-lives used
in the analysis are summarized in table 2 [2].

2.4 Calculation of cross-sections and their
uncertainties

The method for cross-section calculation is described in
detail in our previous papers [15,16]. The standard acti-
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(a)  Activation spectrum of Re @ cooling time: 246 days, acquisition time: about 30 hours

Fig. 3. (a) γ-ray spectrum of rhenium obtained after 246 days
of cooling from the end of irradiation; acquisition time: about
30 hours. (b) γ-ray spectrum of rhenium obtained after 25.5
hours of cooling from the end of irradiation, acquisition time:
about 16 hours; (c) Background spectrum.

vation equation was employed:

σx =
[SεIγηKMD]0
[SεIγηKMD]x

· [λAFC]x
[λAFC]0

σ0, (1)

where F is the total correction factor of the activity, given
by

F = fs × fc, (2)

where fs and fc are the correction factors for the self-
absorption of the sample at a given gamma energy, and
the coincidence sum effect of cascade gamma rays in the
investigated nuclide, respectively.

Rhenium is a heavy element with very pronounced
gamma ray self-absorption, particularly at low energies.
Values of the mass attenuation coefficient (μ/ρ) for rhe-
nium were obtained by interpolating the values reported
in [17]. Correction factors for the characteristic gamma-
ray levels are given in table 3.

In the process of calculating the cross-sections of the
185Re(n, 2n)184gRe reactions, Cx in eq. (1) should be the
result of the measured full-energy peak area minus the

contribution from 184mRe via 184mRe
IT(74.5%)−−−−−−→ 184gRe

(C1) and via 184mRe
EC(25.5%)−−−−−−−→ 184W(C2). Rules for

the creation and decay of artificial radioactive nuclides
(see [15,16] for details) provide that C1 and C2 can be
written as

C1 =
PmgεgIgCm(λ2

gSmDm − λ2
mSgDg)

(λg − λm)SmDmImεmλgKm
, (3)

C2 =
εm2Iγ2Cm1

εm1Iγ1
, (4)

where m, g, Pmg, Cm, I and ε are metastable state, ground
state, fraction of metastable state decays that produce
ground state nuclides (branching ratio), full energy peak
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Table 2. Measured nuclear reactions on rhenium and decay data (taken from [2]). The boldface font is used in the calculation.

Reaction Abundance of target isotope Half-life of product E-threshold Mode of decay Eγ Iγ

(%) (MeV) (%) (keV) (%)

185Re(n, 2n)184mRe 37.402 169 d8 7.900 IT(74.50) 104.739 13.64

EC(25.50) 111.217 5.84

161.269 6.5624

226.748 1.496

252.845 10.84

318.008 5.8120

384.250 3.1711

536.674 3.3412

641.915 0.34416

792.067 3.6914

894.760 2.7613

903.282 3.7414

920.933 8.23

185Re(n, 2n)184gRe 37.402 35.4 d7 7.711 EC(100) 111.217 17.27

252.845 3.03

641.915 1.956

792.067 37.711

894.760 15.75

903.282 38.112

93Nb(n, 2n)92mNb 100 10.15 d2 8.972 EC(100) 934.44 99.154

area of the measured metastable state, gamma ray inten-
sity and full-energy peak efficiency of the characteristic
gamma-rays, respectively.

Sm, Sg, Dm and Dg are given by

Sm = 1 − e−λmT ,

Sg = 1 − e−λgT ,

Dm = e−λmt1 − e−λmt2 ,

Dg = e−λgt1 − e−λgt2 .

In eq. (4), the subscript 1 and 2 represent two different
characteristics of gamma rays.

3 Experimental uncertainty

3.1 Mean (arithmetic average)

The relation for experimental mean σ for n trial measure-
ments, σi ± Δσi, with i = 1, . . . , n, is given by

σ =
∑n

i=1[σi/(Δσi)2]∑n
i=1[1/(Δσi)2]

. (5)

3.2 Experimental standard deviation

The experimental standard deviation ΔσA is defined as

ΔσA =
[∑n

i=1[(σi − σ)2/(Δσi)2]
(n − 1)

∑n
i=1[1/(Δσi)2]

]1/2

. (6)

Obtaining as much knowledge as possible from a lim-
ited number of measurements is one of the fundamental
problems in experimental science. In particular, eq. (6) for
the error ΔσA of the weighted mean can yield unphysical
values for very small samples.

In order to prevent this, we introduce ΔσB which lim-
its the contribution of individual errors to Δσ

ΔσB =

[
n∑

i=1

1
(Δσi)2

]−1/2

. (7)

However, eq. (7) may also fail if two data points are
very different and have relatively small error bars. The
standard deviation Δσ of the weighted average σ may
then be calculated for a limited number of measurements
using the following equation:

Δσ = max(ΔσA,ΔσB). (8)
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Table 3. Correction factors for the self-absorption of the sample at a given gamma-ray energy.

Gamma-ray energy μ/ρ μ Samples Correction factors

(keV) (cm2/g) (cm−1)
No.

Thickness h fs

(cm)

104.739 4.3074 90.542 1 0.0984 8.910

2 0.0973 8.811

3 0.0939 8.504

111.217 3.9252 82.508 1 0.0984 8.121

2 0.0973 8.031

3 0.0939 7.751

161.269 1.4510 30.501 1 0.0984 3.158

2 0.0973 3.129

3 0.0939 3.037

226.748 0.6840 14.379 1 0.0984 1.869

2 0.0973 1.858

3 0.0939 1.823

252.845 0.5593 11.757 1 0.0984 1.688

2 0.0973 1.679

3 0.0939 1.652

318.008 0.3094 6.503 1 0.0984 1.354

2 0.0973 1.349

3 0.0939 1.336

384.250 0.2191 4.605 1 0.0984 1.244

2 0.0973 1.241

3 0.0939 1.232

536.674 0.1301 2.734 1 0.0984 1.141

2 0.0973 1.139

3 0.0939 1.134

641.915 0.1052 2.211 1 0.0984 1.113

2 0.0973 1.111

3 0.0939 1.107

792.067 0.0830 1.744 1 0.0984 1.088

2 0.0973 1.087

3 0.0939 1.084

894.760 0.0747 1.571 1 0.0984 1.079

2 0.0973 1.078

3 0.0939 1.076

903.282 0.0741 1.557 1 0.0984 1.079

2 0.0973 1.078

3 0.0939 1.075

920.933 0.0728 1.530 1 0.0984 1.077

2 0.0973 1.076

3 0.0939 1.074
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Uncertainty analysis was carried out using the quadra-
ture method [18]. The uncertainties quoted for the present
measurements are estimates of standard uncertainties and
include contributions due to uncertainties in cross-section
of the monitor reaction (1.1–1.5%), photopeak detection
efficiency (2.0–3.0%), counting statistics (0.04–2.0%), rel-
ative gamma-ray intensity (0.1–10.0%), half-life (0.02–
4.7%), sample weight (< 0.1%), timing (< 0.1%), self-
absorption of gamma-ray (∼ 0.5%), and isotopic abun-
dance (0.06%). The uncertainty of the weighted average
cross-section was between 3.2 and 4.4%.

4 Nuclear model calculations

Nuclear model-based calculations are of great importance
since the existing measured data on cross-sections induced
by neutrons for the evaluation of safety in fusion reactors
are lacking or inconsistent. It is well known that nuclear
reaction models are reliable means for calculating the en-
ergy and angle distributions of the reaction products or ra-
dionuclide production cross-sections [19,20]. The reaction
model calculations include direct-interaction, equilibrium
and pre-equilibrium processes. Level density as a function
of energy is among the most important inputs for cross-
section calculation within nuclear reaction models [21].
Nuclear level density (NLD) is the number of excited levels
per energy interval (dN/dE) near the excitation energy.
Excited nuclear levels are discrete at low energies; how-
ever, they approach a continuum as the excitation energy
increases. Therefore, a nuclear model for calculating level
density is needed for the continuum energy regime. An
accurate and reliable description of the excited levels of a
nucleus at both low and high excitation energy region is
necessary for testing the quality of a reaction model used
for the calculation of cross-sections [22]. The TALYS code
(version 1.8) calculates the partial and total cross-section,
the angular distribution, the energy spectrum, the differ-
ential spectrum and recoils. This code employs various
microscopic and phenomenological nuclear level density
models for obtaining the nuclear cross-sections [23]. The
theoretical excitation function of the 185Re(n, 2n)184mRe
and 185Re(n, 2n)184gRe reactions and their isomeric cross-
section ratios at different neutron energies from threshold
to 20MeV were calculated using TALYS, with default val-
ues of the parameters and only the selected level density
parameters adjusted. The details of the level density pa-
rameters were reported elsewhere [11,12,24–26].

5 Results and discussion

Cross-sections measured across the energy range of 13 to
15MeV are given in table 4. The results obtained are
prone to relatively small uncertainties due to the use of
the weighted average method. All the nuclear reactions
investigated within the scope of this work are discussed
below. Cross-sections for the 93Nb(n, 2n)92mNb monitor
reaction were taken from ref. [27].
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Fig. 4. Excitation functions of the 185Re(n, 2n)184mRe reaction
for measured and literature data.

5.1 185Re(n, 2n)184mRe reaction

In the present work, gamma-rays with energies of
104.7 keV (Iγ = 13.6%), 161.3 keV (Iγ = 6.56%),
226.7 keV (Iγ = 1.49%), 318.0 keV (Iγ = 5.81%),
384.3 keV (Iγ = 3.17%), 536.7 keV (Iγ = 3.34%), and
920.9 keV (Iγ = 8.2%) emitted in the decay of 184mRe were
used to calculate the value of the 185Re(n, 2n)184mRe re-
action cross-section. In a previous measurement [8], the
895 keV and 904 keV gamma-rays were used to calcu-
late the values of the 185Re(n, 2n)184mRe reaction cross-
section. However, these two gamma-rays not only result
from the product of 185Re(n, 2n)184mRe reaction, but also
from the product of 185Re(n, 2n)184gRe reaction and the

decay 184mRe
IT(74.5%)−−−−−−→ 184gRe. The threshold energy of

this reaction is 7.900MeV. In order to avoid the effect of
low-energy neutrons, a reaction near the threshold, i.e. the
93Nb(n, 2n)92mNb (Eth = 8.972MeV) monitor reaction
was selected, whereas Zhu et al. [7] used the lower thresh-
old monitor reaction 27Al(n, α)24Na (Eth = 3.249MeV)
and Zhang et al. [5] and Druzhinin et al. [8] did not give
information about the monitor reaction. Figure 4 shows
weighted averages of our results along with other pub-
lished data from refs. [3–9]. It can be seen that there are
significant differences among the data from the literature.
In the energy region between 13 and 15MeV the values of
TALYS-1.8 calculation using ldmodels 1-6 are about 100%
higher than the values from previous measurements [4–9],
with the exception of Karam et al. [3]. Shapes of the exci-
tation curves of the TALYS-1.8 calculation with ldmodels
1-6 exhibit a trend similar to the present data set, but the
obtained results are somewhat higher than the theoretical
calculations.

5.2 185Re(n, 2n)184gRe reaction

Seven earlier measurements of the 185Re(n, 2n)184gRe
reaction were published in [3–9]. In the present
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Table 4. Measured cross-sections.

Reaction Eγ (keV) Cross-sections (in mb) at various neutron energies (in MeV)

13.5 ± 0.2 14.1 ± 0.2 14.8 ± 0.2

185Re(n, 2n)184mRe 104.739 840 ± 45 893 ± 47 910 ± 48

161.269 766 ± 42 824 ± 45 859 ± 47

226.748 678 ± 44 697 ± 45 769 ± 50

318.008 692 ± 37 736 ± 39 784 ± 42

384.250 648 ± 40 693 ± 43 759 ± 47

536.674 685 ± 45 737 ± 48 793 ± 52

920.933 850 ± 47 912 ± 50 926 ± 51

Weighted average ± standard uncertainty 731 ± 30 777 ± 34 826 ± 26

185Re(n, 2n)184gRe 111.217 1409 ± 120 1325 ± 113 1319 ± 112

252.845 1399 ± 175 1352 ± 169 1237 ± 155

641.915 1462 ± 107 1483 ± 108 1517 ± 111

792.067 1526 ± 125 1524 ± 125 1567 ± 128

894.760 1483 ± 126 1484 ± 126 1520 ± 129

903.282 1468 ± 110 1468 ± 110 1505 ± 113

Weighted average ± standard uncertainty 1462 ± 50 1445 ± 49 1427 ± 63

185Re(n, 2n)184m+gRe 2193 ± 80 2222 ± 83 2253 ± 89

93Nb(n, 2n)92mNb 934.44 457.9 ± 6.8 [27] 459.8 ± 6.8 [27] 459.7 ± 5.0 [27]

work, gamma-rays with energies of 111.217 keV (Iγ =
(17.2 ± 0.7)%), 252.845 keV (Iγ = (3.0 ± 0.3)%),
641.915 keV (Iγ = (1.95 ± 0.06)%), 792.067 keV (Iγ =
(37.7 ± 1.1)%), 894.76 keV (Iγ = (15.7 ± 0.5)%),
and 903.282 keV (Iγ = (38.1 ± 1.2)%) emitted in
the 184gRe decay were used to calculate the val-
ues of the 185Re(n, 2n)184gRe reaction cross-section.
The contribution of the 185Re(n, 2n)184gRe reaction via
184mRe

IT(74.5%)−−−−−−→ 184gRe and via 184mRe
EC(25.5%)−−−−−−−→ 184W

was subtracted using equations from refs. [3,4]. Figure 5
shows the excitation function of the 185Re(n, 2n)184gRe re-
action. The 185Re(n, 2n)184gRe reaction cross-section data
in the region from 13 to 15MeV can be grouped into two
bands differing by about 30%. The present results are in
agreement with TALYS-1.8 calculations using ldmodels 1,
4, and 6 within experimental uncertainties, while the re-
sults by Karam et al. (1963) [3], Zhang et al. (2002) [5],
Lu et al. (1999) [6], and Zhu et al. (2011) [7] are about
30% higher than the values of the present work, Konno
et al. (1993) [4], Druzhinin et al. (1967) [8], Filatenkov
(2016) [9], and TALYS-1.8 calculations with ldmodels 1-6.

5.3 185Re(n, 2n)184m+gRe reaction

Figure 6 shows the data we obtained for the cross-section
of 185Re(n, 2n)184m+gRe reaction together with TALYS-
1.8 theoretical calculations using ldmodels 1-6, and previ-
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Fig. 5. Excitation function of the 185Re(n, 2n)184gRe reaction
for measured and literature data.

ous measurements from refs. [4–10]. In the 13 to 15MeV
energy range, our data are consistent within the experi-
mental uncertainties with results of Zhang et al. (2002) [5],
Lu et al. (1999) [6], and Zhu et al. (2011) [7], but are higher
than the results of refs. [4,8–10]. The determined exci-
tation function follows this trend, which is characteristic
for the 185Re(n, 2n)184m+gRe reaction, showing a plateau
around 14MeV and a decreasing trend with higher neu-
tron energy.
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Fig. 7. Cross-section ratio of the 185Re(n, 2n)184mRe and
185Re(n, 2n)184gRe reactions as a function of the neutron en-
ergy.

5.4 Isomeric cross-section ratio of the
185Re(n, 2n)184m,gRe reactions

The cross-section ratio (σm/σg) for the isomeric pair
184m,gRe produced in the (n,2n) reaction on 185Re was
found to be 0.50 ± 0.03, 0.54 ± 0.03, and 0.58 ± 0.3 at
13.5± 0.2, 14.1± 0.2 and 14.8± 0.2MeV incident neutron
energies, respectively. Figure 7 shows our experimental
data together with the results of TALYS-1.8 numerical cal-
culation using ldmodels 1-6. It can be seen that between 13
and 15MeV our experimental results agree with the values
from ref. [3] and TALYS-1.8 calculations using ldmodel 5
within their experimental uncertainty. However, they are
exceeded by both the results published in refs. [4–9] and
TALYS-1.8 calculations using ldmodel 1, 2, 3, 4, and 6.
The isomeric cross-section ratio determined in this work
shows an increasing trend with increasing neutron energy,
suggesting that at higher excitation energies the formation
of the high-spin isomer (8+ → 3−) is favored. This trend

is similar to several other neutron- and charged-particle-
induced reactions near thresholds [28–37]. In the range
of 13–15MeV, the calculated isomeric cross-section ratio
shows the same increasing trend for the six ldmodels.

6 Conclusion

The activation cross-sections for 185Re(n, 2n)184mRe,
185Re(n, 2n)184gRe, and 185Re(n, 2n)184m+gRe reactions
along with isomeric cross-section ratios induced by 13.5,
14.1 and 14.8MeV neutrons, have been obtained using the
latest decay data and weighted average method. The nu-
clear model using the TALYS code showed that the micro-
scopic level densities (Skyrme force) from Hilaire’s com-
binatorial tables (ldmodel 5) [38] are appropriate for the
isomeric cross-section ratios for 185Re(n, 2n)184mRe and
185Re(n, 2n)184gRe reactions, while models composed of
microscopic level densities (Skyrme force) from Goriely’s
tables [38] (ldmodel 4) and microscopic level densities
(temperature dependent HFB, Gogny force) from Hilaire’s
combinatorial tables [38] (ldmodel 6) are found to be ap-
propriate for the 185Re(n, 2n)184gRe reaction. Our exper-
imental results were then compared to those from the lit-
erature and to numerical calculations. The comparative
analysis including cross-section data from the literature
revealed that the inconsistencies in the published data can
stem from: 1) the decay data (the selection of characteris-
tic gamma-rays); 2) interfering reactions. A detailed com-
parison with theoretical calculations revealed that σg and
σm+g cross-sections were easily reproduced by the calcu-
lations, while for σm (8+), the theoretical results could
only describe the general trend of the experimental data.
Results reveal the importance of the level scheme of the
residual nuclei and indicate the possibility of incomplete
documentation of high-spin levels in the level schemes of
these residual nuclei. Furthermore, they highlight certain
limitations in the nuclear codes, particularly regarding the
embedding of discrete states in the continuum, which is
not currently possible and affects the reproduction of high-
spin isomeric cross-sections. The results presented in this
work are valuable for the improvement of nuclear data li-
braries, verification of nuclear reaction models and other
practical applications.
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