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Preparation and characterization of organic-inorganic aerogels for super-thermal insulation applications
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Advanced energy utilization technology based on atomic layer materials
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Nanostructure and nucleation phenomena during in-situ synthesis of CuzZnSnSes thin
films
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Development of e/p1 separation method for cosmic-ray radiography
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1. BIREM

Currently, particle detectors using nuclear emulsion are very effective in
elementary particle physics such as neutrino research due to their excellent spatial
resolution. They are also used in cosmic-ray muon radiography, a method which
uses natural cosmic-ray muons to see inside large structures. Cosmic-ray electrons
arriving from the atmosphere together with muons act as a background for such
measurements, creating a barrier to obtaining detailed internal fluoroscopic
information. In this study, we will investigate the performance of a nuclear
emulsion detector in discrimination between muons and electrons, by using
simulations and performing actual measurements. We will determine the optimal
experimental setup to maximize the background rejection, which will consequently

enable us to obtain a clearer image of the internal structure.

2. FRABERR

The nuclear emulsion detector consists of a stacked structure of a nuclear emulsion as the
tracking part and a particle scattering part such as iron, lead, and/or water. This allows for the
measurement of the momentum of charged particles from Coulomb scattering in the scattering
part. In addition, the ionization loss of recorded tracks in the tracking part can be used for
particle identification of electrons and muons. First, GEANT4 simulations were performed of a
nuclear emulsion detector stacked with water, iron and nuclear emulsion (Water ECC), which
has a proven track record in neutrino experiments, irradiated with electrons and muons with a
momentum of 100 MeV/c. The detector structure consists of tracker units interleaved with 2mm
thick water layers. A tracker unit is created by sandwiching a 500 um thick iron plate between
two nuclear emulsion film. Figure 1. shows the tracks of electrons and muons, respectively.
Since electrons have a lighter mass, they exhibit larger scattering compared to muons.
Additionally, the thickness of the lines indicates the ionization loss in the nuclear emulsion, with

muons showing greater ionization loss compared to electrons.



Figure 1. 100 MeV/c electrons in Water ECC (left) and 100 MeV/c muons in Water ECC

Initially, we planned to comprehensively
evaluate the particle identification of electrons
and muons by considering both momentum and
ionization loss. However, the simulation results
showed that sufficient identification performance
could be achieved using only the ionization loss,
as shown in Figure 2.

Figure 2. e/p separation in Water ECC
To validate the simulation results, we conducted a demonstration experiment at the positron
beamline of Tohoku University's Research Center for ELectron and PHoton Science (ELPH).
Figure 3. shows the setup for this demonstration. In the experiment, positrons with momenta of
300, 500, and 800 MeV/c were irradiated onto the Water ECC. The reason for measuring
positrons with momenta higher than 500 MeV/c is to study whether particle identification
between electrons and muons can be achieved based on scattering alone when high-energy
electrons penetrate the Water ECC. The development of the nuclear emulsions is now complete,
and scanning using the automatic track-reading device for nuclear emulsions is underway. As
shown in Figure 4., tracks of positrons with various energies have been detected. With further
detailed analysis, it should be possible to experimentally demonstrate the particle identification

performance between electrons and muons.

Figure 3. Set up for positron exposure Figure 4. Position distribution of positron tracks
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Development of high-precision radiation film batch in space
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1. Research Objectives

The nuclear emulsion is used in elementary particle physics, and its use has been
greatly enhanced by the increasing speed of automatic track readout technology
for nuclear emulsions. The purpose of this study is to develop a high—precision
radiation film batch using nuclear emulsion for monitoring radiation damage to
the human body in the space environment for future human habitation. We have been
working together on the application of nuclear emulsion in space, and this joint

collaboration will further enhance our research.

2. Research Content and Results

We conducted development and research on the following two items for the use of
nuclear emulsion as a high—precision film batch in space. The first item is the
development of a machine—sent liquid emulsion gel coating method, aiming for the
production of thick—type emulsion films in the future. Conventionally, coating
has been done by hand, but considering mass production, it is necessary to switch
to machine—sent liquid coating to improve efficiency.

Figure 1 on the left is a schematic diagram of the developed machine-sent
liquid coating system, and Figure 1 on the right is a photograph of the actual
system. By using this machine—sent liquid coating system, we were able to control
the liquid delivery volume, which had previously been done by human senses, and
avoid problems with the mixing of defoamers. This not only improved efficiency
but also led to advancements in the production technology of nuclear emulsions

in terms of performance.



Figure 1. A machine-sent coating system

The second study focuses on the ON/OFF function of nuclear emulsion. These
emulsions are sensitive to charged particles upon coating, leading to the buildup
of background tracks before use in space. To address this, we researched a
“refresh” function to erase these tracks for the nuclear emulsion with large silver
bromide crystals which assumed be used in space. In the refresh process, emulsions
are left in a high-humidity (>90%), high—temperature (30°C) environment for over
24 hours, resulting in erasing of over 75% of silver particles. However, this
process also led to a decrease in sensitivity to charged particles. Using two
methods, grain density (GD) and optical density (0D), to examine the number of
silver particles per unit length and the ratio of transmitted light intensity,
respectively, we tested three samples with redundancy, as shown in Figure 2, and
found a decrease in sensitivity for all samples. While maintaining sufficient
sensitivity for the use of nuclear emulsions, the mechanism behind this is not

yet understood, posing a challenge for future research.

Figure 2. Grain density and Optical density before/after refresh process
In the plan for this study, measuring at balloon altitudes was also a goal. However,

this was not accepted, and we were unable to achieve it. Nonetheless, we were able

to carry out fundamental development for future use at high altitudes
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Inverter-based Dynamic Shaping in Renewable Integrated Power Grids
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