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A Study of Tracking Low Energy Protons using the Super Fine-Grained Nuclear Emulsion
for searching MeV Scale Dark Matter
T4 HBHFAET (FHTFYEREE)

The existence of a mysterious substance in the universe, the so-called Dark Matter is suggested by many
astrophysical observations. Detecting Dark Matter (DM) is one of the most challenging problems in natural science
and modern physics, and many experimental groups are trying different approaches to discover this unknown
gravitational source.

These conventional DM searches aim to discover WIMPs, the Weakly Interacting Massive Particles, whose mass is
usually considered in the GeV/c? — TeV/c? region. However, WIMPs with a lighter mass in the MeV/c? region are not
excluded in pre-existing DM models. The search for these lighter DMs is only done through electron interactions since
the velocity of DM is slow, and searching for it with baryons would be very difficult.

This study focused on the MeV/c? scale DM model and how it would be possible to detect it with baryon
interactions. Although most pre-existing experiments assume only one kind of DM, there are no astrophysical
constraints in the possibility of DM existing in more varieties. As the Standard Model has several particles, it is easy
to imagine that multiple particles are hidden in the dark sector.

This study considers a scenario in which two (or more) DMs annihilate to a secondary DM in the galactic center.
The secondary DM will receive kinetic energy from the mass difference, reaching the Earth. If this process happened
in the GeV/c? scale, it would be possible to detect it with pre-existing apparatuses such as neutrino detectors. But, if
this happens in the MeV/c? scale, heavy targets such as Xe, Ge, and Na commonly used in DM searches will have
minimal recoil energy below their detection thresholds.

This is where the fine-grained nuclear emulsion (NIT) used in the NEWSdm experiment can be useful, as 42.8% of
NIT’s atomic fraction is hydrogen (protons). Since protons are lighter in mass, the recoil energy from MeV/c? scale
DMs will be in the tens of keV. Such protons can be detected with the NIT, and it is the only detector with directional
sensitivity capable of detecting these low-energy protons.

The NIT's ability to detect low-energy protons was assessed by directly exposing it to protons using an ion
implanter. The results revealed that the NIT can detect protons as low as 10 keV and determine their direction with a
resolution of 10-20 degrees. The detection capability in a low-temperature environment used for physical search was
also confirmed down to 50 keV with the detection efficiency being 0.13% for 50 keV protons. The background
contamination rate was also assessed, which shows a high electron background rejection power.

In conclusion, a physical search utilizing an equatorial telescope and applying these DM search methods was done on
a small scale, with a limit put to the DM-Nucleon cross-section of 10-26 cm?.
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Figure 2: Angular distribution from 70 keV protons

Figure 1: Proton track from 70 keV proton beam. shows a peak at the incident angle, 90 degrees.
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