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Junghans4, F Käppeler5, N Kivel7, C Langer1, A Mengoni6,
R Reifarth1, S Schmidt1, D Schumann7, B Thomas1, D
Veltum1, M Weigand1, N Wiehl2, C Wolf1

1 Goethe-Universität Frankfurt, Frankfurt, Germany
2 Johannes Gutenberg-Universität Mainz, Mainz, Germany
3 Paul Scherrer Institut, Villigen, Switzerland, now at Studiecentrum voor
Kernenergie, Mol, Belgium
4 Helmholz-Zentrum Dresden-Rossendorf, Dresden, Germany
5 Karlsruher Institut für Technologie, Karlsruhe, Germany
6 CERN, Geneva, Switzerland
7 Paul Scherrer Institut, Villigen, Switzerland

E-mail: volknandt@iap.uni-frankfurt.de

September 2019

Abstract. The determination of the involved reaction cross sections is essential
for the understanding of how the big bang nucleosynthesis and nuclear reactions
in stars contribute to the observed abundances. One of those, which has not been
measured so far, is the 10Be(n,γ) cross section.

A 10BeO sample, provided by PSI Villigen, was irradiated in a cyclic
activation at the TRIGA reactor in Mainz. The characteristic γ-rays following
the decay of 11Be were measured using LaBr3 scintillation detectors. The thermal
neutron cross section and the resonance integral were experimentally determined
for the first time.
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1. Introduction

The pattern of the solar abundances of nuclides features a conspicuous minimum in the
region of the light elements Li, Be, and B. The main origin of these scarce elements
are thought to be spallations of C, N and O in the interstellar and circumstellar
matter by galactic cosmic rays. It is referred to as interstellar nucleosynthesis.
The understanding of the 10Be(n,γ) cross section is crucial for the modelling of
the reaction rates of the light nuclei, which directly affect the abundances. Thus
far the recommended capture cross sections are based on theoretical direct capture
calculations and inverse reactions [1, 2, 3], as shown in figure 1, or the asymptotic
normalization coefficient (ANC) of the wavefunction [4]. The latter being used in a
recent publication by S. Dubovichenko and A. Dzhazairov-Kakhramanov [5]. In 1965,
an attempt on the experimental determination of the cross section had been performed
by the atomic energy division of the US Atomic Energy Comission [6], but only lead
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to an upper limit of σtherm = 1 mb, due to low statistics. Thus, experimental data
of the 10Be(n,γ) reaction is needed. Direct measurements can serve as an important
test of the Coulomb breakup experiments.

Figure 1: The calculated neutron direct capture cross section of 10Be based on the
neutron halo configuration of 11Be.

2. 10Be Activation

The experiment was carried out at the Johannes Gutenberg-University (JGU) in
Mainz, Germany. The TRIGA reactor provided pulsed thermal neutrons (25 meV)
with a flux of up to 1015 cm−2 per pulse. The short half life of 11Be (13.8 s) and
the extremely small cross section could be addressed with cyclic activations [7]. A
pneumatic tube system for sample transfer from the detector lab to the reactor core
enabled relatively short waiting times of around 10 s between the activation and the
start of the γ-counting. The sample was a capsule with 8.93 mg BeO with 1.1 mg
10Be. It was produced at the PSI muon production facility via proton spallation
and extracted using pyrolysis and chemical purification. The amount of 10Be was
determined via mass spectroscopy and confirmed by total activity measurements [8].
The 11Be activity was measured by detecting the 2125 keV γ-radiation of the excited to
ground state decay using 2” LaBr3 scintillation detectors. Two different flux monitors,
197Au and 45Sc, were used to separate the thermal and the epithermal components of
the neutron spectrum of the reactor.
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3. Analysis

The number of nuclei produced was calculated from the counts in the γ line by

Nproduced =
Counts

Iγ · ε · fwait · fmeas
,

where Iγ is the corresponding intensity, ε is the detector efficiency, fwait is the
correction factor for decay losses between the activation and the measurement, fmeas

is the correction factor for the decays during the measurement. A correction for the
decays during the activation was not necessary as the duration of a pulse amounted
to 30 ms.

In order to measure the thermal cross section and the resonance integral
separately, the cadmium difference method was applied. A layer of 1 mm cadmium
was wrapped around the sample during some of the activations to determine the
contribution by the non-thermal high energy tail of the neutron spectrum, using the
energy dependent neutron transmission of cadmium, as shown in figure 2. This way,
the integrated thermal neutron capture cross section as well as the resonance integral
can be obtained by plotting RBe/φtherm against φepi/φtherm and using

RBe

φtherm
= σtherm,int + Ires · φepi

φtherm
,

where RBe is the ratio of 11Be to 10Be, φtherm is the thermal neutron flux, φepi

is the epithermal neutron flux, σtherm,int is the thermal cross section and Ires is the
resonance integral, as shown in figure 3. A least square fit of a linear function gives
the thermal cross section as the intercept with the y-axis and the resonance integral
as the slope. The x-axis scattering of the cadmium data points was influenced by the
fact that the sample had to be taken out of the cadmium shielding for the gamma
detection and put back into it for the next activation. Variations of the effective
cadmium thickness can not be ruled out.



Nuclear Physics in Astrophysics IX (NPA-IX)

Journal of Physics: Conference Series 1668 (2020) 012048

IOP Publishing

doi:10.1088/1742-6596/1668/1/012048

4

10Be(n, γ) Cross Section

Figure 2: The neutron transmission in relation to the thickness of cadmium. The used
1 mm cadmium shielding translates to a 5 eV cutoff energy.

Figure 3: The activation ratio over the integrated thermal flux plotted against the
epithermal to thermal flux ratio. The resulting linear fit provides both cross sections
as its variables. The activations without cadmium shielding can be seen in green,
those with cadmium shielding in purple.

4. Preliminary results

The analysis results in a preliminary integrated thermal neutron capture cross section
of

σtherm = 1.309 mb
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and a resonance integral of

Ires = 1.005 mb

The data evaluation is currentliy ongoing. Uncerntainties of less than 10% are
expected. Figures 4 and 5 show the new experimental results in comparison to a
compilation of cross section values from different databases and publications based on
theoretical models.

Figure 4: Comparison of the preminimary results for the thermal 10Be(n,γ) cross
section with theoretical estimates [4, 9, 10]. An uncertainty band of 10% is indicated,
which is the envisaged total uncertainty of the final analysis.
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Figure 5: Comparison of the preminimary results for the 10Be(n,γ) resonance integral
with theoretical estimates [9, 10]. An uncertainty band of 10% is indicated, which is
the envisaged total uncertainty of the final analysis.
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