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Thermal-neutron-induced Single Event Upsets in
the FPGA used 1n particle physics experiments
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Abstract—Particle physics experiments using accelerators pro-
duce large amounts of background neutrons, which adversely
affect electronics. A single event upset (SEU) is an error in
which a neutron incident on a semiconductor device produces
charged particles, thereby changing the logic of the device. If
an SEU occurs in a field programmable gate array (FPGA)
used in an experiment, it can compromise the reliability of
its functionality. Therefore, it is crucial to accurately assess
the impact of SEU and implement preventive measures before
conducting physics measurements. Fast neutrons, which can
react with Si nuclei to produce charged particles, are often
considered the primary cause of SEUs. However, recent attention
has been directed toward the possibility that thermal neutrons,
which have an energy of less than 1 eV, can also cause SEUs.
To investigate SEUs caused by thermal neutrons, we placed
polyethylene blocks around the fast neutron beam produced
by the Tandem accelerator. The fast neutrons were degraded
to become thermal neutrons, which were irradiated onto the
FPGA, and we measured the SEU rate. We also measured the
SEU rate by placing polyethylene blocks containing boron to
absorb thermal neutrons. The irradiation dose for each neutron
energy band was investigated using a plastic track detector. We
successfully observed SEUs by thermal neutrons and showed that
thermal neutron absorbers reduce the SEU rate.

Index Terms—thermal neutrons, single event upset (SEU),
Tandem accelerator, Field-programmable gate arrays (FPGAs),
particle physics experiment, COMET, Belle 11

I. INTRODUCTION

In particle physics experiments, some approaches to ex-
plore physics beyond the Standard Model are high-intensity,
high-luminosity, or high-energy beams. While these beams
are instrumental in probing new physics, they also generate
substantial radiations, which affect detectors and readout mod-
ules, particularly through neutron exposure. For example, the
COMET experiment [I] at J-PARC, utilizes a muon beam
generated from a proton beam to investigate muon-to-electron
conversion, which is one of the undiscovered decays called
charged Lepton Family number Violating (cLFV) processes.
Because the muon beam used in this experiment has the
world’s highest intensity, it is expected to observe such a
process. Additionally, the Belle II experiment [2] at KEK, em-
ploying SuperKEKB, which is the highest luminosity electron-
positron collider, deeply studies flavor physics by measuring
the decays of billions of bottom mesons, charm hadrons, and
tau leptons. For both of these experiments, it is important
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to achieve large statistics, which is accomplished by using
advanced high-intensity or high-luminosity beams. However,
the disadvantage of these approaches is the highly radioactive
environments created by the beam. They produce neutrons,
gamma rays, and various other extra particles, which cause
damage to electronic equipment. For neutrons, in both cases
of the COMET and Belle II experiments, a tolerance to about
1 x 102 neutrons/cm? (1 MeV equivalent), including a
safety factor, is required. As seen in these examples, there
are significant concerns regarding the ability of electronics to
withstand harsh radiation. The damage to electronics can be
categorized into two types: hard errors and soft errors. A single
event upset (SEU), a type of soft errors that are temporary
damage, occurs when a neutron strikes a semiconductor,
causing a reaction that generates charged particles within a
transistor, resulting in a bit flip. The energy bands of neutrons
that can cause SEUs are fast neutrons of several MeV or
more and thermal neutrons of less than 1 eV. Fast neutrons
interact with Si nuclei in the semiconductor generating charged
particles that can induce electron-hole pairs changing the
logic state of the transistor gate, causing SEUs. In particle
experiments using beams generated by advanced accerelators,
it is difficult to completely shield fast neutrons, and the SEU
reaction rate induced by fast neutrons is often investigated [4]]
and countermeasures are taken by using error correcting codes.
In the case of thermal neutrons, a capture reaction with boron-
10 ("°B+n — "Li+*He) produces an alpha particle, which can
similarly change the logical state. When Boron-Phosphorus
Silicon Glass (BPSG) films were used as insulating films
in devices, more thermal-neutron-induced SEUs were caused.
However, with the shift to alternative methods to BPSG, SEUs
caused by thermal neutrons have decreased [S[]. Nevertheless,
recent studies [6f], [7] have reported that thermal neutrons can
still cause SEUs in newly developed FPGAs. To address this
concern, we investigated SEUs caused by thermal neutrons
using an FPGA used in the readout board for the COMET
experiment.

II. MEASUREMENT

We conducted SEU measurements at an accelerator facility
that produces fast neutrons. By arranging polyethylene(PE)
blocks, we were able to observe the effects of thermal neutrons
efficiently. The numbers of thermal and fast neutrons were
measured using dedicated detectors.

A. Facility

The neutron irradiation test was performed at the tandem
electrostatic accelerator at Kobe University. The accelerator






	Introduction
	Measurement
	Facility
	Measurement device & Data acquisition
	Measurement setup
	Fluence measurements for fast and thermal neutrons

	Result
	CR39
	SEU

	Discussion
	Conclusion
	References

