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The confirmation of the presence (or absence) of neutrinoless double beta decay is an important issue in current
elementary particle physics. One of the experimental approaches is the use of liquid scintillators loaded with candidate
isotopes for neutrinoless double beta decay. Conventionally, such isotopes have been loaded into liquid scintillators
mainly as organometallic complexes to achieve a high solubility in toluene or xylene. However, the solubility is limited,
and the loaded organometallic complexes often quench the scintillation. In this study, we loaded nanoparticles into the
liquid scintillator. This can be an alternative approach for the development of liquid scintillators for neutrinoless double
beta decay detection. The nanoparticles can be well dispersed in organic solvents by modifying their surface with organic
molecules. To synthesize small nanoparticles with surfaces modified with organic molecules, we employed supercritical
hydrothermal synthesis. In this study, we chose ZrO, nanoparticles, because *Zr is a candidate isotope for neutrinoless
double beta decay.

In the hydrothermal synthesis, Zr(OH)a, the precursor for ZrO,, was dissolved in water, and a surface modifying agent,
phenylhexanoic acid, was added. The hydrothermal synthesis was performed at 573 K and 30 MPa for 10 min. The
reaction products were collected with toluene, and the dispersion was left undisturbed for one night. Subsequently, the
precipitates were removed, and the organic fluorescent molecules PPO and POPOP were added to the solution to obtain
the ZrO.-nanoparticle-loaded liquid scintillator. The Zr concentration in this dispersion was 1.4 wt%, as confirmed using
inductively coupled plasma-atomic emission spectroscopy (ICP-AES). The size of the nanoparticles was less than 10 nm,
as confirmed by transmission electron microscopy (TEM).The absorption spectrum of the ZrO; nanoparticle dispersion in
toluene exhibited a steep increase in intensity at wavelengths below 330 nm, which is attributed to the scattering of the
incident light by the nanoparticles. The optical density of the ZrO, nanoparticle dispersion at the scintillation wavelength
is negligible. Hence, these results indicate that the nanoparticles-loaded liquid scintillator is applicable in neutrinoless
double beta decay detection.




