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on behalf of the LiquidO team…
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liquid scintillator state of the art…2

CTF @ Gran Sasso
(Borexino R&D)

Transparency…

organic scintillators (typically) ≈104 γ/MeV (10 γ/keV or 107 γ/GeV)
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SNO @ Canada
(Nobel prize 2015)

~10,000 PMTs (8” diameter)

BIG (≤20kton)…
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…instead an Opaque solution?

but… opaque photo-detection?
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invention 2012-2013 — since 2016 consortium (~20 institutes & 10 countries)

LiquidO-Contact-L@in2p3.fr

mailto:LiquidO-Contact-L@in2p3.fr
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(dynamic) topology building-blocks…
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•points 3D(x,y,z) & energy 1D(E)

•lines (i.e. point-sequence)

•time 1D(t) — optional

“energy-flow” → “energy points ordered in time”
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stochastic light confinement…
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•scattering→random walk→light ball [order 1cm]
•scattering mean-free-path order 1mm: x10-4 smaller than usual

•lossless scattering:
•Mie scattering: achromatic & tiny losses [“cloudy” touch]
•Rayleigh scattering: chromatic & lossless
•Internal Reflection (Snell’s law lossless)
warning: avoid reflection (losses @ order ~1%/reflection)

LiquidO ⇔ unique stochastic light confinement
⟹ must NOT be transparent!!

LiqudiO→ photon’s “random walk” (self-confinement)

Transparency
λ(scattering)≥10m

Mie Scattering
λ(scattering)≤1cm

also Rayleigh Scattering
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LiquidO little counter-intuitive…

diffusion ⟹ shaper images!!
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imaging & outcome (upon reco)…
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topology physics LiquidO Information

point unresolved
(≲few cm) point-like sub-mm possible

(primitive)

track points-like 
sequence

track-like sub-mm possible
(enhanced)

point’s
⊕

track’s
complex event

combination
⊕

timing
reconstruction

(energy⊕x,y,z⊕t)

input 5D→ energy-flow, kinematics( ), PID, etc (derived)p̄

≳0.1MeV
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Topology (X,Y) direct & native (PID)→ possible sub-mm vertex precision
Simplest LiquidO: fibre Lattice along Z-axis (up to 3 possible)

TOP VIEW (X,Y): readout TOP

BOTTOM VIEW (X,Y): readout BOTTOM

Z position using: Δt (time difference)
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dope it? non-native capability…
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•adding non-native physics via doped elements/isotopes

•modify the radiation behaviour (ρ, <Z>, etc)

•enhance detection: neutron (production / capture), etc

•new interactions and/or novel physics capabilities

•etc… (long)
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⟹

LiquidO (5D primitive info) 

light-based “TPC” (highest duty-cycle)
⊕

Time-of-Flight (4π acceptance)
⊕

uniform calorimeter (scintillation→precision)
⊕

features (PID, magnetisable, exchangeable, etc)
⊕

[doping: variable composition/density]

LiquidO: light “opaque” medium
[stochastic light confinement→imaging⊕topology & PID]
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a e+ (example)…

physics…
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LiquidO: sub-nuclear MeV imaging… 14

opaque medium→stochastic light confinement
(self-segmentation)

~1MeV

e+ annihilation

collection efficiency ≥90% collection efficiency ≤10%
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unprecedented PID@MeV…
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e+ e- γ

opacity→ (native) self-segmentation

needless segmentation→problematic@MeV! (complex/pollution/cost/etc)

potential: reduce overburden/shielding
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e-/e+ discrimnation with no B-field!

PID

matter 
versus 

anti-matter

25cm

~50MeV

e+ e-



Anatael Cabrera CNRS-IN2P3 / IJCLab (Orsay) - LNCA (Chooz) Laboratories17

complex events with LiquidO…

PRELIMINARY LiquidO 

π- → μ- → Michel-e- (tracking charge)
[Michel-e± discrimination possible]

e+ EM shower

n’s ToF (momentum) + p-recoil 
→ capture on H [tag: 2.2MeV γ]

GeV

ν̄e

Stochastic calorimetry order 0.1% [~105 PE/GeV] — excellent control of non-stochastic

Doping:
  •control density (≥0.8kg/m3)
  •increase Z
  •control EM vs Hadronic
  •etc — long!

MeV sensitivity

Genie Generated

50cm ≈ 1.6ns
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ν̄e

~1GeV

energy flow: EM evolution of energy in time
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discovery channels too…

staggering π0 vs e± separation (CPV)

p → e+ + π0 LiquidO Configuration: <1cm pitch

Genie Generated

m(proton)~1GeV

πo→ 2x γ induced EM shower

e+ EM shower

free-H per unit of mass: 
water: ~10%
scintillator: up to 20%
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our first publication…
www.nature.com/articles/s42005-021-00763-5
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MINI-II coulage
LiquidO’s prototype MINI-II (upgrade) located @ LP2I (e- 1MeV beam) 

commissioning data talking since MAY 2021

≲10 litres inside
(water & scintillator)

top
overall view
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new results 3rd June…
22
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the quintessence of LiquidO…

LiquidO: opacity-based light collection system

any source (Cherenkov / scintillation / others?)

any media (liquid / solid / (impractical?) gas?)

doping: a powerful (optional) “byproduct”

new technology: opaque scintillation?

✓ ✓

✓ ✓

✓
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opaque scintillation — a new technology 

First Opaque Scintillator @MPIK
(breakthrough)

arXiv:1908.03334

“amorphous WAX-based”
[prototyping: tune scattering with T]

“Mycro-Crystal Scintillator” 
S. Wagner, M. Grassi, A. Cabrera

arXiv:1807.00628

liquid scintillator 
(optional)

⊕
micro-crystal scintillator 

(doped)

LiquidO’s R&D (new projects…) LiquidO R&D (prototypes now)
24

https://arxiv.org/abs/1908.03334


Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)

μ-Crystal development…25

Conceptual strategy IN2P3 (~2015) — ideas: arXiv in 2018
[arXiv:1807.00628]

≤2020: collaboration with Tohoku University & etc 
(CMS-ECAL; HEP calorimetry) and early discussion with industry 
St Gobain and ISMA.

First μCristal detection prototype BiPo@IN2P3 
(2017-2020) [mainly Barcelona-U] — promising results!

liquid easy scattering — cheap & free

μCrystals possible too — expensive

nanoStructures possible too — very expensive

~1k€

Working→ even Pulse-Shape Discrimination for BiPo tagging

emulsion (milk-like)

~1€/kg

>1k€

~100μm 
scintillating 
μSpheres

PRELIMINARY
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indeed, Opaque seems a solution…!
(the solution?)

26

new results on the 3rd of June…
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innovation & deep-tech…

nuclear (EU’s EIC-Pathfinder: IJCLab⊕CIEMAT⊕Mainz-U⊕Subatech⊕Sussex-U⊕EDF)
medical (France’s ANR: CNRS⊕INSERM)

exploring anti-matter PID at the industrial level?
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enormous range of physics — with limitations too

first phase of R&D completing: results @ Neutrino 2022 (early June)

questions, please?

LiquidO [scintillation based for now, but also beyond]

art of clustering light (transparency) with excellent imaging/PID & lots of doping (purity)
[light clustering for direct imaging]

Дякую…
merci…
gracias…
grazie…
danke…
obrigado…
спасибі…
ありがとう…

고맙습니다…
谢谢…

hvala…
…شكرا
thanks…anatael@in2p3.fr

for discussion: one of our core teams @ Sussex Univertsity (J. Hartnell et al)

mailto:anatael@in2p3.fr

