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Abstract: This Letter summarizes a new paradigm in neutrino detection called LiquidO. In this approach,
a volume is filled with an opaque scintillator that confines light near its creation point, preserving the
topological information of particle interactions. A dense array of optical fibres traverses the volume and
collects the light. The technique builds on the successes of conventional liquid scintillator technology but
also gives rise to new advantages. For example, its ability to image events down to the MeV scale gives it
an unprecedented power to reject backgrounds. LiquidO also possesses an unparalleled ability for doping
compared to conventional scintillator detectors, which are typically limited by transparency requirements.
A small prototype has been used to validate the principles behind LiquidO’s approach, which could find a
wide range of applications in neutrino physics from the MeV to the GeV scale.
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The LiquidO Concept
LiquidO is a new approach to detecting neutrinos that, in stark contrast with conventional liquid scintilla-

tor detectors, relies on using an opaque scintillator medium as the primary neutrino target. The scintillators
that can be best used by LiquidO have a short scattering length and a medium to long absorption length,
an example of which has already been successfully produced [1]. In such a medium, the photons pro-
duced by the opaque scintillator undergo a random walk process near their creation point and are trapped
in so-called light balls around each energy deposition point. The light is collected by a dense array of
wavelength-shifting fibres that traverses the volume and that is readout by photo-sensors in the periphery.
Silicon photomultipliers (SiPMs) are well-suited to this purpose given their affordable price, high efficiency,
and excellent time resolution.

FIG. 1. Left: energy depositions of a simulated 1 MeV positron in a LiquidO detector with a regular 1 cm fibre pitch
running along the z direction. The fibres are represented in green. Right: true number of photons hitting the fibres,
each of which is represented by a pixel, in the opaque and transparent scintillator scenarios. In the former case, the
scintillator is assumed to have a 5 mm scattering length and a 5 m absorption length. Figure obtained from Ref. [2].

FIG. 2. Simulated 2 MeV gamma (left) and electron
(right) in the same detector configuration of Fig. 1. Fig-
ure obtained from Ref. [2].

A full description of LiquidO, its expected per-
formance, first experimental demonstration, and po-
tential applications, can be found in Ref. [2]. Fig. 1
illustrates LiquidO’s performance using a simulated
1 MeV positron. Here, the simplest configuration
with fibres running only along one direction (z) is
assumed. The true energy depositions of the positron
are shown on the left panel (a), and the number of
true photons hitting each fibre on the right panel
(b). The positron’s loss of kinetic energy produces a
light-ball at the vertex of the event. The two back-to-
back gamma-rays resulting from its annihilation lose
energy via Compton scattering, leaving two trails of
smaller light balls that detach from the central one. A
comparison is made in panel (b) of the light pattern
collected by the fibre array when using an opaque
versus a transparent scintillator. Despite the use of
fibres, the event topology is almost entirely washed out in the latter case, illustrating the key role played by
the scintillator’s opacity in self-segmenting the detector.

The clear event topology of ∼MeV positrons in LiquidO stands in contrast with that of other events,
as illustrated in Fig. 2. At these energies, gammas lose their energy primarily via the Compton effect and
produce trails of light balls, whereas electrons produce single light balls. At higher energies (more than
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∼10 MeV for electrons), charged particles have enough kinetic energy to travel several cm or more in the
detector, producing sequences of point-like energy depositions that form clear tracks. As a result, many
other interactions, from cosmic ray muons to charged and neutral current neutrino interactions of various
energies, could also be precisely reconstructed in LiquidO.

LiquidO’s Advantages
LiquidO builds on the decades-long experience with liquid scintillator detectors and inherits some of

their main advantages, such as the relatively high light levels compared to other technologies. Estimating
the total photon detection efficiency at 3%, which is dominated by the ∼10% probability that a photon re-
emitted by the wavelength-shifting fibres is trapped and carried to the SiPMs [3], and assuming a scintillator
with conventional light-yield and absorption length like the one of Ref. [1], yields 400 photo-electrons per
MeV for a small 1 cm-pitch lattice detector. When scaling to larger sizes this amount is reduced due to the
several-meter attenuation length of wavelength-shifting fibres.

LiquidO also brings new advantages to the table, two of which in particular could unlock new opportu-
nities in neutrino physics:

• Unprecedented background rejection: LiquidO’s unique imaging capabilities enable unprece-
dented event-by-event identification down to the MeV scale. For example, assuming a total detection
efficiency of 3%, and using a very simple reconstruction relying solely on the spatial spread of the
hit fibres, it is estimated that 2 MeV electrons can be separated from gammas with a contamination
better than 10−2 [2].

• Naturally enhanced affinity for doping: maintaining the required transparency of the scintillator
typically limits the doping concentrations that can be achieved in conventional liquid scintillator
detectors. In contrast, LiquidO requires opacity to confine the light and therefore allows for more
possibilities, be it to load new materials or to achieve significantly higher levels of doping.

Possible Applications and Status
LiquidO could find a wide range of applications within neutrino physics. Thanks to its strong separation

power between positrons and electrons, LiquidO would greatly reduce the cosmogenic backgrounds in
experiments detecting antineutrinos via the Inverse Beta Decay reaction (ν̄e +p→ e+ +n), which typically
bear the brunt of the systematic uncertainty. Similarly, LiquidO’s self-segmenting effectively keeps events
localized, allowing the detector to tolerate much higher rates. This means that a major reduction of the
overburden, shielding, and buffer requirements would be possible. In fact, this feature makes LiquidO a
promising technology to monitor reactor antineutrinos for non-proliferation purposes [4].

Moreover, the ability to dope a LiquidO detector with various elements at concentrations that would
be prohibitive in conventional detectors could enable new measurements from a variety of sources that
include the sun, supernovae, pion decay-at-rest beams, and radioactive elements. Using Indium in a LiquidO
detector, for instance, could enable pp solar neutrino spectroscopy with a threshold of 114 keV via the
νe + 115In → e− + 115Sn* reaction proposed by Raghavan [5]. The electron signal, followed by the
decay of the tin nucleus, would provide a powerfully distinct signature. Similarly, the ability to control
backgrounds, and to dope the scintillator with elements like Telurium well beyond current limits, could
result in a state-of-the-art detector to search for neutrinoless double-beta decay. Some of these possibilities
and others are discussed in more detail in Ref. [2].

The basic principles behind LiquidO have already been validated with a small detector prototype filled
with a scintillator whose opacity changes with temperature [1] and exposed to a mono-energetic 1 MeV e−

source [6]. The results unmistakably showed that, as the scintillator’s scattering length decreased, light was
confined near the beam’s energy deposition point, as expected. The details can be found in Ref. [2]. Further
studies are ongoing with a larger prototype, and the results will be released in the near future.
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1Pontificia Universidad Católica de Chile, Santiago, Chile
2Centro Brasileiro de Pesquisas Fı́sicas (CBPF), Rio de Janeiro, RJ, 22290-180, Brazil
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