Neutron shielding simulation for background reduction in Migdal search
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Although the existence of dark matter has been revealed from astronomical observations, it has not yet been directly detected. Recently, direct
dark matter search experiments aim to extend the search region to sub-GeV mass ranges based on theories including dark sector models. The
Migdal effect, predicted by quantum mechanical calculations, may enhance sensitivity to low-mass dark matter by adding electron recoil energy.
The Migdal effect associated with nuclear recoil remains unobserved, experimental confirmation 1s required. In this study, the neutron shields

for background reduction for Migdal search were studied using Geant4 simulation.

MIRACLUE experiment

The Migdal effect

Electron ionization and excitation occur with
Nuclear Recoils (NRs) at very low probability.
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The Migdal signals contain Electron Recoils
(ERs) energy — the effective detection

energy increases,
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The Migdal events with NR unobserved

Low-pressure CF4 gas
Astroparticle Physics 151, 102853 (2023).

Liquid xenon
PHYSICAL REVIEW D 109, LO51101 (2024).
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Fe reduced high-energy neutrons more than PDb.
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The signal from Migdal event is detected using a high-
pressure xenon gas TPC (Time Projection Chamber).
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Geant4 shield simulation

To investigate the optimal shielding for
reducing background-causing neutrons,
we performed simulations using Geant4.
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2. Evaluation of two composites
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(ref. https://doi.org/10.5611/hamon.28.4 208)
Fe generates high-energy y-rays.
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3. Evaluation of four composites
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@ Thickness Dependence: Fe 20cm + LiFPE x cm (x = 20, 30, 40, 50)
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of Fe and Pb increased

linearly with increasing
thickness.
v LiFPE 30cm, used in S
the 2024 beam test, jj_iE

neutron reduced 4e-2.
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@ Effect of layering order (Pb 20 cm, Fe 20 cm, PE 30 cm, LiFPE 30 cm)
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v For Pb and Fe, the Fe —
Pb order is more effective.

v For PE and LIFPE,

the PE — LIFPE order
IS more effective.
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v When Increasing the
thickness of only 1 of the 4
materials, Fe gave the most
effective enhancement In
shielding.
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(3 Boron-loaded rubber: Fe 20 cm + LiFPE 30 cm + BLR 5 mm
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B @2 e (BLR) had little effect.
Summary

Neutron shielding was evaluated using
Geant4 simulations

Fe was suitable as a degrader for high-
energy neutrons and LIFPE was the most
effective material to pair with Fe.

Using 4 material, the configuration Fe — Pb
— PE — LIFPE showed the best performance.

Neutron was reduced 1 in 10° when Fe 30
cm + Pb 20 cm + PE 30 cm + LIFPE 30 cm.

v The reduction with LIFPE 30 cm (used

2024 beam test) was 4e-2. — Roughly 4e-7
reduction is required for the Migdal search.
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