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Abstract

The water-based liquid scintillator (WbLS) has
emerged as a promising detection medium for
next-generation neutrino experiments, combining
the directional sensitivity of Cherenkov light from
pure water with the high light yield of scintil-
lation. In this study, the relative light yields
of pure water and a WbLS mixture were com-
pared using integrated charge from photomuliplier
tubes(PMTs). Measurements were performed un-
der identical conditions with cosmic muons as the
light source. The WbLS sample exhibited a signif-
icantly higher integrated charge compared to pure
water, consistent with the expected scintillation
contribution.

1 Introduction

1.1 Neutrino Detection and the
Role of Detection Media

Neutrinos are fundamental particles that interact
only through weak nuclear force and gravity, mak-
ing their detection inherently challenging. Despite
their elusive nature, neutrinos play a crucial role
in understanding astrophysical phenomena, fun-
damental particle properties, and physics beyond
the Standard Model. Large-scale neutrino detec-
tors are therefore designed to maximize the proba-
bility of neutrino interactions and to identify their
rare signatures with high precision.

The choice of detection medium is a key
factor in determining the sensitivity, resolu-
tion, and cost-effectiveness of a neutrino detec-
tor. Water Cherenkov detectors, such as Super-
Kamiokande(Fukuda et al., 2003), utilize the emis-
sion of Cherenkov photons by relativistic charged
particles traveling faster than the phase veloc-

ity of light in water. These detectors are well-
established for their scalability and directional re-
construction capabilities. Liquid scintillator de-
tectors, such as JUNO(An et al., 2016), employ
organic scintillators to produce isotropic scintilla-
tion light, offering higher light yield and superior
energy resolution compared to pure water.

In recent years, hybrid detection media such
as water-based liquid scintillator (WbLS) have
emerged as promising candidates for next-
generation neutrino experiments(Xiang et al.,
2024). By combining the directional sensitivity
of Cherenkov radiation with the high light yield
of scintillation, WbLS aims to improve particle
identification, energy resolution, and sensitivity to
low-energy neutrinos, while maintaining the scala-
bility and cost advantages of water-based systems.
As such, the optimization and characterization of
detection media remain central to the advance-
ment of neutrino physics.

1.2 Water-based Liquid Scintillator
(WDbLS)

The water-based liquid scintillator (WbLS) is a
novel detection medium that combines the prop-
erties of pure water and organic liquid scintillators
through stable emulsification(Yeh et al., 2011).
Typically, WbLS consists of a majority fraction
of water mixed with an organic scintillating com-
ponent such as linear alkylbenzene (LAB), along
with surfactants to ensure optical stability. In
this hybrid medium, two distinct light production
mechanisms coexist: Cherenkov radiation from
relativistic charged particles and scintillation light
from the organic component.

The key advantages of WbLS stem from this
unique combination(Onda et al., 2025). Firstly,
the ratio of Cherenkov to scintillation light can be
tuned by adjusting the scintillator concentration,



allowing flexible optimization of the detector re-
sponse for different physics goals. Secondly, the
additional scintillation photons significantly en-
hance the energy resolution and lower the detec-
tion threshold, improving the sensitivity to low-
energy neutrino events. Moreover, the distinct
timing profiles of Cherenkov and scintillation light
enable particle identification capabilities by dif-
ferentiating prompt Cherenkov signals from de-
layed scintillation photons. Finally, unlike pure
liquid scintillators, WbLS exhibits compatibility
with metal loading, such as gadolinium doping,
which is valuable for neutron capture and back-
ground suppression.

In addition to these performance benefits,
WbLS retains many practical advantages of tra-
ditional water Cherenkov detectors, including low
cost, ease of handling, and scalability to kiloton-
scale volumes. This combination makes WbLS
particularly attractive for next-generation neu-
trino experiments that require both high sensitiv-
ity to low-energy events and precise reconstruction
of complex event topologies.

Therefore, a comprehensive characterization
of WDbDLS wunder controlled laboratory condi-
tions—including measurements of light yield, opti-
cal properties, and detector response—is essential
to guide its implementation in large-scale neutrino
detectors. This study is motivated by the need to
deepen the understanding and optimize the per-
formance of WbLS to support future experimental
applications. Specifically, this work focuses on the
quantitative analysis of detector response, repre-
sented by the integral of ADC signals from PMTs
as raw data.

2 Methodology

2.1 Experimental Setup

The experimental setup(see Fig. 1, 2, 3) was de-
signed to characterize the optical response of the
WDLS to cosmic muons. The WbLS sample was
contained in a rectangular acrylic tank with di-
mensions of 160 mm % 110 mm X 50 mm, pro-
viding a compact but well-defined detection vol-
ume. The plastic scintillator (PS) was placed ad-
jacent to the tank and optically coupled to the
trigger photomultiplier tube (T-PMT) using opti-
cal grease to ensure efficient light transmission and
minimize reflection losses at the interface. The
T-PMT (Hamamatsu H7195) detected scintillation
light produced when cosmic muons passed through
the PS, generating a fast trigger signal. This trig-
ger was used to gate the data acquisition system
and synchronize the readout of the main PMT,
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Figure 1: Schematic illustration of the con guration.
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Figure 2: Schematic illustration of the circuit.

which was attached directly in the WbLS vol-
ume to capture Cherenkov and scintillation light.
The main PMT (Hamamatsu H7195) was oriented
to maximize light collection efficiency and was
operated by coincidence with the trigger system
to select only events induced by cosmic muons.
All optical interfaces were coupled with optical
grease to reduce refractive index mismatch and
enhance photon collection. The waveform signals
from both PMTs were recorded using a fast digi-
tizer(CAEN DT5725S) with 250 MSa/s sampling
rate, allowing detailed pulse shape analysis. Al-
though the current analysis is based on raw ADC
counts, future work will include energy calibration
using radioactive sources to convert the measured
signals into absolute photoelectron yield. This
setup enables a direct comparison of light out-
put between WbLS and pure water under identical
detection conditions, serving as a testbed for op-
timizing WbLS formulations for next-generation
neutrino and rare-event detectors.

2.2 Scintillator Samples

The scintillator samples(Tab.1) used in this study
were prepared using a two-step procedure. First,
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