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What is LiquidO?

Radiation detection
In an opague
media




Two types of opacity

Short absorption length
Short scattering length

US

UNIVERSITY
OF SUSSEX

-

Long absorption length
Short scattering length
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Traditional detection with light lls
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Super Kamiokande: Cherenkov DoubleChooz Scintillation
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Traditional detection with light l-ls
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Super Kamiokande: Cherenkov DoubleChooz Scintillation
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Y Transparent media

DoubleChooz Scintillation

Super Kamiokande: Cherenkov

Super-Kamiokande
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Light paths: transparent vs opaque lls
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Transparent medium Opaque medium
Straight paths Random walk
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Collecting the light
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Readout: wavelength shifting fibres + SiPMs
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Confine energy deposition locally
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Confine energy deposition locally
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Confine energy deposition locally

Diffusive Medium
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Why LiquidO?

Historical
motivation




Double Chooz experiment
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Reactor -n detection

Nuclear reactors are a powerful anti-n, source!
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Backgrounds
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natural radicactivity: *°K, 25T

= dominant in H-analysis
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Backgrounds
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fast neutrons from W spallation, natural radicactivity: Wy, 20T
stopping-l (acceptance hole) = dominant in H-analysis
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(mainly °Li) stopping-l (acceptance hole) = dominant in H-analysis
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Backgrounds
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COSMOGENETIC CORRELATED ACCIDENTALS
long lifetime B-n emitter fast neutrons from W spallation, natural radicactivity: *°K, 2% TI
(mainly °Li) stopping-l (acceptance hole) = dominant in H-analysis

—— neutrino signal

—— cosmogenetic

— correlated
accidentals

BACKGROUND SPECTRUM
(ARBITRARY UNIT)

4 4 ] 8 10 Visible Enargy (Mo}

Thiago Bezerra




Measured spectra
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Complex machinery to veto backgrounds
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Efforts on e+ identification
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https://arxiv.org/abs/1407.6913
https://arxiv.org/abs/1710.04315

Efforts on e+ identification lls
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https://arxiv.org/abs/hep-ex/0003022
https://arxiv.org/abs/1812.02163
https://arxiv.org/abs/1404.7309
https://arxiv.org/abs/2407.14382

LiquidO: Powerful particle identification lls
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machinery to veto backgrounds lls
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Impact on IBD (e *) detection llS
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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 lls
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https://www.nature.com/articles/s42005921-007635 Medium Optical Properties
arXiv:1908.03334

. Control Sample: Transparent
B Liquido Sample: High Opacity
. LiquidO Sample: Low Opacity
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https://www.nature.com/articles/s42005-021-00763-5
https://arxiv.org/abs/1908.03334
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MINI-LiquidO Prototype
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- 10 L and 64 readout fibres
- Very fast electronics
- Temp. control system [5, 4@ \
- Runs with:
W A Opaque LS (NoWash20, NVi{/js
N\ A LAB (+PPO)
A Water
- e beam [0.4, 1. 8] MeV

arXiv-2503.02541 Goal: demonstrate stochastic light confinement
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https://arxiv.org/abs/2503.02541

MINI-LiquidO Prototype: Results lls
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https://arxiv.org/abs/2503.02541

MINI-LiquidO Prototype: Results lls
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Transparent vs Opaque
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https://arxiv.org/abs/2503.02541

MINI-LiquidO Prototype: Results
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https://arxiv.org/abs/2503.02541

On going developments at Sussex: llS
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On going developments at Sussex: Cubes
OF SUSSEX
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On going developments at Sussex: Tile I-B
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Water-based opaque scintillators lls
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arxXiv:2406.13054

"A mean position reconstruction
error of 4.4 mmfor 1.6 MeV
equivalent events and 7.4 mm for
ndy aS+ SljdzA O f ¢

1L, 32ch
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https://arxiv.org/abs/2406.13054

Which physics can
we do with
LiquidO?
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European
Innovation
Council

UK Research
and Innovation

International Collaboration: i I

AElectricité de France, EDF (France) 8 first time in neutrino science
A LP2I B(Fnameaux
A Brookhaven Nat i(Shal Laboratory
A Charl es (Ozechm)er si ty
A C I E(Spain)
AlJCLab / Université Paris -Saclay (France)
A | mperial CoWH)ege London
A | Nradbiva (ltaly)
A Instituto SuRoruga)or T®cni co
A Johannes -Gniverstit Mainz g(Germany)
A Pennsylvania @ISAte University
APontificia Universidade Catolica do Rio de Janeiro (Brazil)
A Queends (Canada)er si ty
ASubatech / Nantes Université (France)
A Tohoku Uni vdlamity [/ RCNS
A Universi dad(Sphie) Zar agoz a
AUniversidade Estadual de Londrina (Brazil)
ARGt v 0 f (USAL [Tl 0 Talliets S Vil s o=
A UniversityUSAf Michigan
A" Universi tWK)lof Sussex
20 institutions in 11 countries

Spokespersons:
AA. Cabrera & 1JCLab / Université Paris-Saclay (France)
AJ. Hartnell 8 Sussex University (UK)

IB Chair:
AM.Chend Queenods Universituy (

htips//antimatter -otech.ijclab.in2pd.f~~ [AMO lech]
nttps/diquidodiclab:in2p3. frinucloud - [via-LiquidO]


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

Chooz LiquidO Ultra-near Detector lls
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| 8 5~10-ton LiquidO detector
' @ Chooz reactors site

&8 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
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Chooz LiquidO Ultra-near Detector
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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
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Chooz LiquidO Ultra-near Detector lls
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5-10 tons LiquidO-Tracker Inner DeteCtOT g
Opaque scintillator + 10,000 fibres+SiPMs
~1.8 m diameter, >200 PE/MeV design, sub-ns timing
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Physics of
CLOUD




Interactions with Protons or Electrons lls
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* Inverse Beta Decay (IBD) * Elastic Scattering on electrons (NC+CC channel)
= + +
Ve + DpT e + n _ — _ —
Sy+y oy Vo +e —-v,+e
* 1.8 MeV threshold S
* Signature: ighature:
e* promptly loses kinetic energy and annihilates Single energetic e

n-capture on a p* gives 2.2 MeV y in delayed
coincidence (t = 215 us)
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CLOUD Phase |: Pure Opaque Scintillator

US
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* >10,000 IBD per day
 S/BG >100
(unprecedented)

— Precision reactor
characterisation

— <1% flux measurement,
U/Pu composition

* Reactor OFF
measurements
— Quantify backgrounds
— Reactor fuel monitoring
— ON-OFF-ON transitions
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Fast Neutrons

| Double Chooz IV: Near (258 live-days) |
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Improvements with LiquidO event classification
Reject accidentals involving betas, p-recoils
and alphas

— Prompt: Not positrons

— Delayed: Not a gamma
Reject cosmogenic °Li beta

— Not a positron

—  Precise muon tracking
Reject fast neutron p-recoil

— Not a positron

Antineutrinos / MeV / Fission
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CLOUD Phase |: Pure Opaque Scintillator lls
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CLOUD Phase |: Pure Opaque Scintillator lls

UNIVERSITY
OF SUSSEX

* Electron elastic

scattering
- 51000 per day > 10° IR B o o
* Challenge: - W '
— Isolate electrons S F N. @ ©
— Require : v R
* Electron
classification o
* Fiducial volume 10 0 R W o T
* Higher energies i 1year, 101on
. P 35 m reactors a
* Probe of sin?(@,) at 1 mpsgsgy
Visible Energy [MeV]
very low energy

using antineutrinos
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CLOUD Phase II: Indium_Loading in Scintillator llS
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Electron neutrino CC with indium nucleus

v, + 115%In - e~ + 1156n*
Sy/e” (116 keV) + v (497 keV)

Very low threshold (114 keV)
High natural abundance (96%)
Fast delayed coincidence (T = 4.8 us)

Signature: multi-fold coincidence

— Require right particles in right places at right times with right
energies...
— LiquidO precision imaging means
* can require 1%t e~ to be in same cubic cm of the detector as the 2" e~
* can require a nearby gamma-like event has 497 keV in time with 2nd e~
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CLOUD Phase II: Indium_Loading in Scintillator lls
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A Fission also produces electron neutrinos
A Albeit at a vastly reduced rate

A Never been measured!
A 10-ton detector is too small..
A Unless prediction is wrong?

A What could we measure?
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