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MoMoTarO-ISS feasibility studies of neutron
measurements

We have developed a compact neutron and gamma-ray detector, Moon Moisture Targeting Observatory (Mo-
MoTarO). The MoMoTarO project aims to utilize neutrons leaking from the lunar surface for water resource
exploration, measure the neutron lifetime, and improve the localization accuracy of gamma-ray burst observa-
tions. MoMoTarO is planned to be installed in the external experiment site on the International Space Station
(ISS) for six months in 2026 (MoMoTarO-ISS). The MoMoTarO-ISS will operate in space to evaluate its perfor-
mance and demonstrate its technology readiness level, simultaneously providing scientific observations, for
example, of solar neutrons and orbital neutrons.
Particle acceleration in stellar flares and supernova remnants remains unresolved, even solar flares, which
are familiar to us, are still in mystery. Especially, hadrons acceleration in solar flares also has not been fully
understood. It is difficult to constrain the generation time and the particle’s initial energy of the charged par-
ticles because magnetic fields distributed unevenly in space disturb charged particles. On the other hand, the
hadrons interact with the solar atmosphere and produce neutrons, solar neutrons. We can study the hadron
acceleration effectively by observing the solar neutrons, which reach the Earth directly. In 2026, we expect
high solar neutron fluxes around the Earth because solar activity is expected to be still active. TheMoMoTarO
can detect solar neutrons of X-class solar flares and we expect 5-10 X-class solar flares during the 6-month
operation. There are few observed cases of solar neutrons, so MoMoTarO-ISS holds the potential for new
discoveries. Additionally, it is possible to monitor thermal neutrons, epithermal neutrons, and fast neutrons
outside the ISS, which enables a deeper understanding of the neutron environment in space.
We have environmental tests to evaluate the detector performance towards the launch of the MoMoTarO-ISS
in 2026. We conducted proton irradiation tests and Geant4 simulations to study the radiation background
and damage on the ISS orbit. We irradiated scintillators with 200 MeV protons and verified possible per-
formance degradation due to radiation damage. As a result, the degradation in energy resolution and light
output of scintillators was at most around 20% with the proton irradiation equivalent to 0.1-year exposure.
The performance degradation of scintillators can be negligible because it is minimal and recovers over time.
We simulated the orbital radiation environment of the MoMoTarO-ISS to confirm whether solar neutrons are
observable in comparison to the background. We constructed MoMoTarO-ISS geometry and ISS experiment
site in Geant4 simulation and irradiated them with background particles at the ISS altitude (Cumani et al.
2019) and solar neutrons, the neutron energy spectrum detected in November 2003 was used (Watanabe et
al. 2006). When comparing the typical energy range of solar neutrons deposited in the scintillator (10 MeV)
with the background, solar neutron detection is feasible with MoMoTarO-ISS because solar neutrons and the
background are at similar levels. In this presentation, we report an overview of the MoMoTarO-ISS, the re-
sults of these environmental experiments, simulations, and the examination of various space observations
with MoMoTarO-ISS.
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