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Abstract. The necessary improvement of evaluated nuclear databases for appplication will be achieved with
improvement of models and new, precise data. In particular, the effect of inelastic neutrons scattering can be of
importance for reactors. In order to test the models, we performed measurement of (n, n’γ) and (n, 2nγ) cross-
sections on 183W. These data will help constrain the calculation codes and ensure a better evaluation of the total
(n, xn) cross section. The experimental setup and the data analysis method will be presented. The preliminary
experimental results for the 183W isotope will be compared to predictions from Talys nuclear reaction code.

1 Motivation

The development of nuclear reactor project relies essen-
tially on evaluated nuclear reaction databases for numeri-
cal simulations, to optimize and predict performance and
control parameters. However, these databases still have
significant uncertainties, which makes it impossible to
reach the required precision in calculations. New mea-
surements and more accurate theoretical descriptions of
the involved reactions are needed to improve the evaluated
databases. Inelastic neutron scattering reactions, noted
(n, xn), are among the reactions of interest as they modify
the neutron spectrum, the neutron population, and produce
radioactive species.

The CNRS-IPHC group is running an experimental
program with the GRAPhEME [1] setup installed at the
neutron beam facility EC/JRC-GELINA [2, 3] (Geel, Bel-
gium) to measure (n, xnγ) reaction cross-sections using
prompt gamma-ray spectroscopy and neutron energy de-
termination by time-of-flight [4–6]. The obtained exclu-
sive experimental data provide strong constraints on nu-
clear reaction models. So far, data for isotopes such as
232Th [7], 235U [8], 238U [12], 182,184,186W [10] have been
recorded and analyzed.

Tungsten is not an active element in nuclear reactors,
but, because of its chemical and mechanical properties, it
is used in many alloys. The interaction of neutrons with
tungsten is therefore of importance for reactor physics, in
particular for fusion reactors, in which tungsten is one of
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the most exposed materials to high energy neutrons. From
a theoretical point of view, a better description of (n, xn)
reactions on tungsten nuclei allows an improvement of
models for other key nuclei in reactor fuel. Indeed, tung-
sten isotopes are deformed like actinides, but also easier to
describe as they do not present a neutron-induced fission
channel. Still, there are very few measurements available
today to test evaluations [11]. Our new experimental data
will provide an extensive and constraining test to the pre-
dictability of models

2 Experimental setup

The measurement of 183W(n, xnγ) cross-section have been
performed in 2012 and analysis started recently. As of
today, there is no (n, n’) cross-section data available – only
some (n, 2n) and some (n, n’)-level are registered in [11].

The (n, xn γ) cross-section measurements are per-
formed with the GRAPhEME setup at the JRC-Geel. It
is made up of four High Purity Germanium detectors sur-
rounding the target of interest (here, 183W) and a fission
chamber upstream. The neutron flux is determined using
the fission chamber. The energy of the reacting neutrons
are calculated from their time of flight. The data analysis
was performed by methods that were recently detailed in
reference [12].

In the following, only the preliminary γ yields (i.e.
non-normalized γ to neutron counts ratio) will be pre-
sented. The results are compared to default TALYS-1.8
calculations [13].
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Figure 1. (Top) Talys calculated cross-section for the 209 keV
γ-ray in 183W(n, n’ γ) reaction. (Bottom) Experimental γ ray
yield (∝ Nγ/Nneutrons) for the same transition. (Note: The two
graphs share the same neutron energy axis, the y-axis scales are
different.)

Figure 2. Same as figure 1 for the 259 keV γ ray.

3 Results

Two transitions in the (n, n’ γ) channel have been ex-
tracted. The 9/2−308.9 keV to 5/2−99.1 keV, with an energy of
209.8 keV, and the 9/2−551.2 keV to 5/2−291.7 keV with an energy
of 259 keV. Figures 1 and 2 show the two transitions γ
yields.

We also present two transitions in the
183W(n, 2n γ)182W channel. The 4+329.4 keV to 2+100.1 keV,

Figure 3. (Top) Talys calculated cross-section for the 229 keV
γ-ray in 183W(n, 2n γ)182W reaction. (Bottom) Experimental
γ ray yields for the same transition. (Same neutron energy
axis,different y-axis scales between the two graphs.)

Figure 4. Same as figure 3 for the 351 keV γ ray.

with an energy of 229.32 keV – figure 3, and the 6+680.4 keV
to 4−329.4 keV with an energy of 351 keV – figure 4.

We see in the figures 1, 2 3 and 4 that the shapes of
the yields are compatible with Talys predictions. In partic-
ular, the (n n’ γ) yields fall once the neutron energy gets
above the neutron separation energy (6.2 MeV [14]). Like-
wise, the (n 2n) channel opens up above Sn and grows un-
til slightly (≈ 2 MeV) above S2n (14.25 MeV). The overall
shapes (position of the maximums, slopes, ...) are similar.
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4 Conclusion

We extracted some preliminary (n, n’ γ) and (n, 2n γ)
yields from the data has been recorded with GRAPhEME.
They present similar shapes than the one observed in
TALYS calculations and in accordance with expected
physics (thresholds, . . . ). Therefore, we are confident that
once the full analysis is performed, it will produce high
quality cross-section data for several (n, n’ γ) and (n, 2n γ)
channels.

The authors thank the team at the GELINA facility and IPHC
for their support in conducting the experiment.

References

[1] G. Henning et al., "GRAPhEME: A setup to mea-
sure (n, xnγ) reaction cross-sections," 2015 4th Inter-
national Conference on Advancements in Nuclear In-
strumentation Measurement Methods and their Appli-
cations (ANIMMA), 2015, pp. 1-9, doi: 10.1109/ANI-
MMA.2015.7465505.

[2] D. Tronc, J. Salomé, and K. Böckhoff, Nucl. Instrum.
Methods Phys. Res. A 228, 217 (1985).

[3] D. Ene, C. Borcea, S. Kopecky, W. Mondelaers, A.
Negret, and A. Plompen, Nucl. Instrum. Methods Phys.
Res. A 618, 54 (2010).

[4] “What can we learn from (n, xn γ) cross sec-
tions about reaction mechanism and nuclear struc-
ture ?”, by Kerveno, Maëlle and Dupuis, Marc and
Borcea, Catalin and Boromiza, Marian and Capote,
Roberto and Dessagne, Philippe and Henning, Greg
andHilaire, Stéphane and Kawano, Toshihiko and Ne-
gret, Alexandra and Nyman, Markus and Olacel, Ad-
ina and Party, Eliot and Plompen, Arjan and Ro-
main, Pascal and Sin, Mihaela. ND 2019 : Interna-
tional Conference on Nuclear Data for Science and
Technology (2019). 10.1051/epjconf/202023901023
https://hal.archives-ouvertes.fr/hal-02957494

[5] “How to produce accurate inelastic cross sections
from an indirect measurement method ?”, by Ker-
veno, Maëlle and Henning, Greg and Borcea, Catalin
and Dessagne, Philippe and Dupuis, Marc and Hilaire,
Stéphane and Negret, Alexandru and Nyman, Markus
and Olacel, Adina and Party, Eliot and Plompen, Ar-
jan in EPJ N - Nuclear Sciences and Technologies
4, (2018). 10.1051/epjn/2018020 https://hal.archives-
ouvertes.fr/hal-02109918

[6] “From γ emissions to (n,xn) cross sections of inter-
est : The role of GAINS and GRAPhEME in nu-
clear reaction modeling”, by Kerveno, M. and Bac-
quias, A. and Borcea, C. and Dessagne, Ph. and Hen-
ning, G. and Mihailescu, C. and Negret, A. and Ny-
man, M. and Olacel, A. and Plompen, M. and Rouki,
C. and Rudolf, G. and Thiry, C. in European Physical
Journal A 51, 12 (2015). 10.1140/epja/i2015-15167-y
https://hal.archives-ouvertes.fr/hal-02154831

[7] Eliot Party, Catalin. Borcea, Philippe Dessagne,
Xavier Doligez, Grégoire. Henning, et al.. Neu-
tron inelastic scattering of 232 Th: measurements
and beyond. 5th International Workshop On Nuclear
Data Evaluation for Reactor applications (WONDER-
2018), Oct 2018, Aix en Provence, France. pp.03005,
⟨10.1051/epjconf/201921103005⟩. ⟨hal-02307897⟩

[8] M. Kerveno, J. Thiry, A. Bacquias, C. Borcea, P.
Dessagne, et al.. Measurement of 235U(n, n’ γ and
235U(n, 2n γ) reaction cross sections. Physical Re-
view C, American Physical Society, 2013, 87 (2),
⟨10.1103/PhysRevC.87.024609⟩. ⟨hal-02307372⟩

[9] M. Kerveno, M. Dupuis, A. Bacquias, F. Belloni,
D. Bernard, et al.. Measurement of 238U(n,n’γ) cross
section data and their impact on reaction models.
Physical Review C, American Physical Society, 2021,
104 (4), pp.044605. ⟨10.1103/PhysRevC.104.044605⟩.
⟨hal-03382914⟩

[10] G. Henning, Antoine Bacquias, Catalin Borcea,
Mariam Boromiza, Roberto Capote, et al.. MEA-
SUREMENT OF 182,184,186 W (N, N’ γ) CROSS
SECTIONS AND WHAT WE CAN LEARN FROM
IT. EPJ Web of Conferences, EDP Sciences, 2021,
247, pp.09003. ⟨10.1051/epjconf/202124709003⟩. ⟨hal-
0319727)

[11] Experimental Nuclear Reaction Data (EXFOR)
https://www-nds.iaea.org/exfor/

[12] M. Kerveno, M. Dupuis, A. Bacquias, F. Belloni,
D. Bernard, et al.. Measurement of 238U(n,n’γ) cross
section data and their impact on reaction models.
Physical Review C, American Physical Society, 2021,
104 (4), pp.044605. ⟨10.1103/PhysRevC.104.044605⟩.
⟨hal-03382914⟩

[13] A. Koening, S. Hilaire, M. Duijvestijn, “TALYS-1.0”
International Conference on Nuclear Data for Science
and Technology (2007), EDP Sciences, 2008, pp. 211-
214, http://www.talys.eu/

[14] Reference Input Parameter Library IAEA / Nucelar
Data Service https://www nds.iaea.org/RIPL 3/

 
EPJ Web of Conferences , 01046 (2023)284
ND2022

https://doi.org/10.1051/epjconf/202328401046

3


