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The isotopes of Zr with A = [90, 91, 92, 94] make up more than 97% of nat-
urally occurring Zr [1] and are important to many nuclear applications such
as nuclear reactors. One of the attractive qualities of naturally occurring Zr
isotopes is that they have a low σγ/σt ratio at most neutron energies, such that
they improve the neutron economy in reactors by preferentially scattering neu-
trons rather than absorbing them. This same quality also presents a challenge
to measuring the capture cross section, σγ , of Zr isotopes. The ENDF/B-VIII.0
library has a relative uncertainty of approximately 10-20% for incident neutron
energies < 0.1 MeV, and uncertainty greater than 20% for energies > 0.1 MeV
for the majority of natural Zr isotopes. This motivated the Nuclear Criticality
Safety Program (NCSP) to embark on a campaign to accurately measure and
evaluate these isotopes of Zr. Here we will show energy-dependent neutron cap-
ture cross section measurements for the first enriched sample to be measured:
90Zr.

The measurements of isotopically enriched samples are being carried out at
the Geel Electron Linear Accelerator (GELINA) facility of the Joint Research
Center - Geel (JRC-Geel) of the European Union. As isotopic enrichment is a
costly process we are careful not to activate any of the samples, as this may
hinder future radiation-sensitive measurements. The activation analysis is pre-
sented in a report by Brown et al. [2]. Once we were satisfied that the Zr
samples would not be activated by the measurements, the 90Zr sample was fab-
ricated at Oak Ridge National Laboratory (ORNL) and shipped to GELINA.
The dimensions of the cylindrical sample are approximately 0.12 cm thick and
a radius of 2.5 cm. Since 90Zr is not chemically reactive to air, bare metallic
samples were employed. The sample was measured at a flight path (FP) length
of 60 m, using four C6D6 detectors on FP14.

The final paper will include experimental details and measured cross section
data for 90Zr compared to current evaluated nuclear data libraries. 1

1This manuscript has been authored by UT-Battelle, LLC, under contract DE-AC05-

1



ORNL is managed by UT-Battelle, LLC, for the U.S. Department of Energy
under Contract No. DE-AC05-00OR22725. The U.S. Department of Energy
Nuclear Criticality Safety Program sponsored the work that is presented in this
paper.

References

[1] E. M. Baum et al., Nuclides and Isotopes: Chart of the Nuclides, 17th ed.
Schenectady, NY, USA: Bechtel Marine Propulsion Corporation, 2010.

[2] J. M. Brown, D. Wiarda, and K. H. Guber, “Activation Study of Isotopi-
cally Enriched Samples During Neutron TOF Measurements,” Oak Ridge
National Laboratory, Oak Ridge, TN, USA, Tech. Rep., 8 2019.

00OR22725 with the US Department of Energy (DOE). The US government retains and
the publisher, by accepting the article for publication, acknowledges that the US government
retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the
published form of this manuscript, or allow others to do so, for US government purposes.
DOE will provide public access to these results of federally sponsored research in accordance
with the DOE Public Access Plan (http://energy.gov/downloads/doe-public-access-plan).

2


