on behalf of the LiquidO team. ..
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a novel detection technology — originally for neutrino, but...

“CALOR 2022” Conference @ Sussex University
May 2022
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E:ae ) - ligquid scintillator state ofthe art..
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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)
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’\"@-points 3D(xy,2) & energy ID(L)
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*scattering—random walk—light ball [order |cm]
*scattering mean-free-path order |mm: x |04 smaller than usual

*lossless scattering:
*Mie scattering: achromatic & tiny losses ['‘cloudy” touch] -
*Rayleigh scattering: chromatic & lossless
*Internal Reflection (Snell’s law lossless)
avoid reflection (losses @ order ~|%/reflection)

LiquidO & unique stochastic light confinement -

= must NOT be transparent!!

2] PR
also Rayleigh Scattering

iqudiO— photon’s “random walk” (self-confinemen

L

Transparency Mie Scattering
A(scattering)slem

stochastic lisht confinement...
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LiquidO |ittle counter-inturtive. ..

diffusion = shaper images!!

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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topology physics LiquidO Information

sub-mm possible
(primitive)
sub-mm possible |4
(enhanced) .
point’s combination

reconstruction
@ complex event 2 (energy®x,y,z®t)
track’s timing .

unresolved

G, | Poiskiike

point

points-like
sequence

track

input 5D— energy-flow, kinematics(p), PID, etc (derived)

imaging & outcome (upon reco)...

Anatael Cabrera CNRS-INZP3 /' - Laboratories




Topology (X,Y) direct & native (PID)— possible sub-mm vertex precision

Simplest LiquidO: fibre Lattice along Z-axis (up to 3 possible)

Z position using: At (time difference)




dope it? non-native capabillity...

[ . |
*adding non=-native physics via doped elements/isotopes
*modify the radiation behaviour (p, <Z>, etc)
enhance detection: neutron (production / capture), etc

‘new interactions and/or novel physics capabilities

ectc... (long)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



LiquidO: light “opaque” medium

[stochastic light confinement—imaging®topology & PID]

|

LiquidO (5D primitive info)

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

Time-of-Flight (471 acceptance)
@

uniform calorimeter (scintillation—precision)
@

features (PID, magnetisable, exchangeable, etc)
@

[doping: variable composition/density]

Anatael Cabrera CNRS-INZ2P3 / a rsa



physics...

a e+ (example)...

Anatael Cabrera CNRS-INZ2P3 / I|CLa rsa




LiquidO: sub-nuclear MeV imaging... *
~1MeV

opague medium—stochastic light confinement
(self-segmentation)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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unprecedented PID@MeV... I

potential: reduce overburden/shielding

[
o
w

True Hits

102

opacity— (native) self-segmentation

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

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



Positron 50 MeV r(abs)=5m x(scat)=0.50rr_| _
e L
E 103%
| o
xxxxx | 3 PID
>
10°
matter
VErsus
0 anti-matter
—lllllllllllllIlllllllllllllllllu 1

-40 -20 0 20 40 60 80 100
X [cm]

e-/et discrimnation with no B-field!

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



complex events with LiquidO.

- — W~ — Michel-e- (tracking charge) Doping:
[Michel-e* discrimination possible] econtrol density (>0.8kg/m?3)
®increase Z
econtrol EM vs Hadronic
ectc — long!

. B )...‘f

i S

PRE;IMINARY

n’s ToF (momentum) + p-recoll

. fi. "Ml - capture on H [tag 22MeV y]
Genie Generated

500 1000

Stochastic calorimetry order 0.1% [~ 105 PE/GeV] — excellent control of hon-stochastic
|7 Anatael Cabrera CNRS-IN2P3 / | Laboratories




energy flow: £M evolution of energy in time

1000 A

500 -

y (mm)
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—1000 -

—1500 A

0.00 ns

— O

—— proton
—— neutron
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— 22
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discovery channels too.

free-H per unit of mass:

m ( 3 rO-tO n) =~ I G ev :::?::i';:l;tlg(ﬁ up to 20%

LiquidO Configuration: <|cm pitch
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nature
communications physics

Article | Open Access | Published: 21 December 2021

Neutrino physics with an opaque detector

LiquidO Consortium

Communications Physics 4, Article number: 273 (2021) | Cite this article

1438 Accesses | 10 Altmetric | Metrics

Abstract

In 1956 Reines & Cowan discovered the neutrino using a liquid scintillator detector. The
neutrinos interacted with the scintillator, producing light that propagated across transparent
volumes to surrounding photo-sensors. This approach has remained one of the most
widespread and successful neutrino detection technologies used since. This article
introduces a concept that breaks with the conventional paradigm of transparency by
confining and collecting light near its creation point with an opaque scintillator and a dense

array of optical fibres. This technique, called LiquidO, can provide high-resolution imaging to

enable efficient identification of individual particles event-by-event. A natural affinity for

adding dopants at high concentrations is provided by the use of an opaque medium. With

these and other capabilities, the potential of our detector concept to unlock opportunities in

neutrino physics is presented here, alongside the results of the first experimental validation.

www.nature.com/articles/s42005-021-00763-5

our first publication...

20 Anatael Cabrera CNRS-IN2P3 /'l|CLab (Orsay) - LNCA (Chooz) Laboratories




LiquidO’s prototype MINI-II (upgrade) Iocated_@ LP2I (e- IMeV beam)
commissioning data talking since MAY 2021
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new results 3rd June...
NEUTRINO 2022

XXX International Conference on Neutrino Physics and Astrophysics

Virtual Seoul May 30 (Mon) - June 4 (Sat), 2022

-

The 50t
NAnniversary

Topics

+ Neutrino Oscillation - Leptonic CP Violation - Neutrino Mass - Neutrinoless Double Beta Decay
* Neutrino Interactions + Reactor Neutrinos + Accelerator Neutrinos + Geo Neutrinos * Atmospheric Neutrinos
- Solar Neutrino - Diffuse Supernova Neutrino Background - Astrophysical Neutrinos - Neutrinos and Cosmology
+ Sterile Neutrinos + BSM Searches in Neutrinos < New Neutrino Technologies -+ Other Interesting Neutrino Physics

3asic Science

= .7 & Institute for
NEUTRINO 2022 Secretariat office@neutrino2022.org Website www.neutrino2022.org KGJS ‘.’_*EEEIQ’QI 1 hg } Laslig

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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LiquidO: opacity-based light collection system

any source ({:herenkov /‘écintillation / others?)

any media ‘diquid /¥olid / (iImpractical?) gas?)
‘/cloping: a powerful (optional) “byproduct”

new technology: opaque scintillation?

the quintessence of L|qU|dO

el Cabrera CNRS-IN2P3 /' [|[CLab (Orsay) -




4 opaque scintillation — a new technology

LiquidO’s R&D (new projects...)
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MAX-PLANCK-INSTITU
\\\\\ FUR KERNPHYSIK
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“Mycro-Crystal Scintillator”
S.Wagner, M. Grassi, A. Cabrera

" — First Opaque Scintillator @MPIK
arXiv:1807.00628 (breakthrough)
liquid scintillator arXiv:1908.03334
tional
(op g nal) “amorphous WAX-based”

micro-crystal scintillator [prototyping: tune scattering with T]

(doped)


https://arxiv.org/abs/1908.03334

. M=Crystal development..

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

emulsion (milk-like) [arXiv:1807.00628]

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

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

e rle
MCrystals possible too — expensive

= y
4 " N
\ | @« Im S

Working— even Pulse-Shape Discrimination for BiPo tagging

PRELIMINARY ~100pm
scintillating

HSpheres

nanoStructures possible too — very expensive

é/% il UNIVERSITAT .. Loiti, .
(Al BARCELONA _nnn)f D | VS I
TOHOKU '

y
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indeed, Opaque secems a solution. . !
(the solution?)

new results on the 3rd of June...

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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explrin anti-matter PID at the industrial level?

innovation & deep-tech...

nuclear (EU's EIC-Pathfinder: 1JCLab®CIEMAT ®Mainz-Uo®Subatech®Sussex-U®EDF)
medical (France's ANR: CNRS®INSERM)

E u ro p e O n AGENCE NATIONALE DE LA RECHERCHE
*

Innovation
Council

Anatael Cabrera CNRS-IN2P3 /| Laboratories



LiquidO [scintillation based for now, but also beyond]

art of clustering light (¢ranspareney) with excellent imaging/PID & lots of doping (purty)

[light clustering for direct imaging]

enormous range of physics — with limitations too
first phase of R&D completing: results @ Neutrino 2022 (early June)

questions, please?

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

anatael@in2p3.ifr

merci...
gracias...
grazie...
danke...
obrigado...
cnacubi...

HOHES...

nasL|CE. .
15115 . .

hvala...

thanks...


mailto:anatael@in2p3.fr

