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Outline

Ÿ What is LiquidO?

Ÿ Why LiquidO?

Ÿ How are we developing LiquidO?

Ÿ Which physics can we do with LiquidO?
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What is LiquidO?

Radiation detection 
in an opaque 

media



Two types of opacity

Short  absorption length
Short scattering length

Long  absorption length
Short scattering length
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Traditional detection with light
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Super Kamiokande: Cherenkov Double Chooz: Scintillation
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Traditional detection with light
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Super Kamiokande: Cherenkov Double Chooz: Scintillation

Ÿ Transparent  media
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Light paths: transparent vs opaque

Transparent medium
Straight paths

Opaque medium
Random walk
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Collecting the light

Readout: wavelength shifting fibres + SiPMs
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e+ of 1 MeV
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Confine energy deposition locally
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Why LiquidO?

Historical 
motivation
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Double Chooz  experiment
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Inverse Beta Decay reaction:Nuclear reactors are a powerful anti-ne source!

Reactor -n detection
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Detectors components
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Backgrounds
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Backgrounds
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Measured spectra
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Complex machinery to veto backgrounds

Underground

Inverse beta decay signal Ÿ positron
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FADC, a powerful tool

Efforts on e+ identification
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arXiv:1407.6913

Ortho-positronium observation

arXiv:1710.04315

e+ e-

Pulse shape discrimination

Fourier power spectra of scintillator pulses

e < 50%

Efforts on e+ identification
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Efforts on e+ identification

-> Segmentation

Palo Verde
arXiv:hep-ex/0003022

CHANDLER
arXiv:1812.02163

PANDA
arXiv:1404.7309

SoLid
arXiv:2407.14382
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Cannot separate these 3 efficiently on an event-by-event basis with transparent scintillator!

LiquidO: Powerful particle identification

Thiago Bezerra

2 MeV 2 MeV 1 MeV
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Simpler  machinery to veto backgrounds

10 fold 

increase!

Thiago Bezerra

All available

space as
target
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Applying expected PID for BG rejection (100:1)

Impact on IBD (e +) detection
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Nice MC plots! Nice MC plots.
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https://music.youtube.com/playlist?list=OLAK5uy_midyEAzJOjCqO8gvnld3bErtTaL4PZLKw
https://en.wikipedia.org/wiki/Chico_Buarque_de_Hollanda_(1966_album)


How are we 
developing 
LiquidO?

Prototypes



First proof of principle demonstrator
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https://www.nature.com/articles/s42005-021-00763-5

arXiv:1908.03334
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MINI-LiquidO Prototype

- 10 L and 64 readout fibres
- Very fast electronics
- Temp. control system [5, 40]oC
- Runs with:
Å Opaque LS (NoWash20, NW)
Å LAB (+PPO)
ÅWater
- e- beam [0.4, 1.8] MeV
- Operated @ LP2i Bordeaux

Goal: demonstrate stochastic light confinement
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arXiv:2503.02541

https://arxiv.org/abs/2503.02541


MINI-LiquidO Prototype: Results
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arXiv:2503.02541

https://arxiv.org/abs/2503.02541


MINI-LiquidO Prototype: Results

NW at 40oC Ÿ transparent
 similar to LAB+PPO
NW at   5oC Ÿ Opaque

Light ball formation at ~4cm

Stochastic light confinement!

Major demonstration of the 
LiquidO technology

Transparent vs Opaque
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arXiv:2503.02541

https://arxiv.org/abs/2503.02541


MINI-LiquidO Prototype: Results

Opacity Ÿ Scattering length
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arXiv:2503.02541

https://arxiv.org/abs/2503.02541


Goals:

    Ÿ Boosted light collection

    Ÿ Muon tracking

On going developments at Sussex: Cubes
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90Sr ‍-

90Sr ‍-
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90Sr



On going developments at Sussex: Cubes
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Publication under internal review



On going developments at Sussex: Tile
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Water

LAB



Water -based opaque scintillators
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arXiv:2406.13054

1L, 32 ch

"A mean position reconstruction 
error of 4.4 mm for 1.6 MeV 
equivalent events and 7.4 mm for 
лΦу aŜ± ŜǉǳƛǾŀƭŜƴǘ ŜǾŜƴǘǎέ

https://arxiv.org/abs/2406.13054


Which physics can 
we do with 
LiquidO?



First experiment with LiquidO technology



International Collaboration:

Å Électricité  de France, EDF  (France) ð first time in neutrino science
Å LP2I Bordeaux (France)
Å Brookhaven National Laboratory (USA)

Å Charles University (Czechia)
Å CIEMAT (Spain)

Å IJCLab  / Université Paris -Saclay  (France)
Å Imperial College London (UK)
Å INFN-Padova  (Italy)

Å Instituto Superior T®cnico (Portugal)
Å Johannes Gutenberg-Universität Mainz  (Germany)

Å Pennsylvania State University (USA)
Å Pontifícia  Universidade  Católica  do Rio de Janeiro  (Brazil)
Å Queenôs University (Canada)

Å Subatech  / Nantes Université  (France)
Å Tohoku University / RCNS (Japan)

Å Universidad de Zaragoza (Spain)
Å Universidade  Estadual  de Londrina  (Brazil)

Å University of California Irvine (USA)
Å University of Michigan (USA)
Å University of Sussex (UK)

 20 institutions in 11 countries

Spokespersons:

Å A. Cabrera ð IJCLab / Université Paris-Saclay (France)

Å J. Hartnell ð Sussex University (UK)

IB Chair:

Å M. Chen ð Queenôs University (Canada)

https://antimatter -otech.ijclab.in2p3.fr/  [AMOTech]

https://liquido.ijclab.in2p3.fr/nucloud  [via LiquidO]

https://antimatter-otech.ijclab.in2p3.fr/
https://liquido.ijclab.in2p3.fr/nucloud


Chooz LiquidO Ultra-near Detector

Thiago Bezerra

Double Chooz
Near Lab, 400m

Double Chooz
Far Lab, 1km

Ultra-near 
site ~35 m

5~10-ton LiquidO detector
@ Chooz reactors site

Innovation (2025-28)
    - Reactor Monitoring

Fundamental Science (>2026)
    - LiquidO capability for
       Low-E physics

> 10,000 IBDs / day

High-resolution imaging to 
greatly diminish backgrounds 

43 LiquidO: What? Why? How? Which?



Chooz LiquidO Ultra-near Detector

Thiago Bezerra
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    - LiquidO capability for
       Low-E physics

> 10,000 IBDs / day

High-resolution imaging to 
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Chooz LiquidO Ultra-near Detector
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Interactions with Protons or Electrons
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CLOUD Phase I: Pure Opaque Scintillator
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Far
Detector

Near
Detector

Reactor
Thermal
Power

CLOUD Phase I: Pure Opaque Scintillator
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CLOUD Phase I: Pure Opaque Scintillator
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CLOUD Phase II: Indium  Loading in Scintillator

Thiago Bezerra51 LiquidO: What? Why? How? Which?



CLOUD Phase II: Indium  Loading in Scintillator
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Å Fission also produces electron neutrinos
Å Albeit at a vastly reduced rate

Å Never been measured!

Å 10-ton detector is too small..

Å Unless prediction is wrong?

ÅWhat could we measure?
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