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Neutrino Physics with Scintillators

A Discovery of the neutrino
A Solar neutrinos

A Geoneutrinos

A Supernova neutrinos

A Reactor neutrinos

A Atmospheric neutrinos

A Accelerator neutrinos
AQT1 searches
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Introduction

A Hybrid technology

I Scintillation + Cherenkov light

A LiguidO technology

I Exploit stochastic light confinement
I Highly scattering opaque medium + extraction of the light

A’ ,detection with indium
A CLOUD and SuperChooz
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Approaches to Optical Detectors

Opaque
Single volume
Self-segmenting

Transparent Transparent
Single volume Segmented

Traditional New approach
Stochastic light
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Metal-doped Liquid Scintillator
for neutrino physics and other frontiers since 2000

Periodic Table of the Elements © www elementsdatabase com PROSPECT (6Li-LS),
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. . g Buck & Yeh, Metal-loaded organic scintillators for neutrino
~, : s
u’ Brookhaven O Medical, calibration, LSC, etc physics, J. Phys. G: Nucl. Part. Phys, 43, 093001 (2016).
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Slide from Minfang
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https://agenda.infn.it/event/37867/contributions/233938/attachments/122262/178979/Novel%20LIquid%20Technology%20M%20Yeh%20Neutrino24%20v1.pdf

#, Timing

Hybrid Technology

A Combining

i high light yield oEcintillation

i directionality ofCherenkoMight _ o
A Demonstrated by Borexino and SNO+ SN

A R&D challenge to better separate the signd #, Wavelength
| Faster detectors
I Scintillators with optimised timing
I Wavelength sensitive detectors
A Testbeds and demonstrators
I ANNIE
i BNL 1and 30 tonne detectors
I NuDot
.
|
|

BUTTON
Eos
' Tsinghua/Jinping groups
A THEIA: 25+ kton detector
i 4SS W2aK YfSAyQa Gl f
USNUEETE;E Jeff Hartnell, Neutrino ‘26




Transparent
Single volume
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[Thanks to GabrigDrebiGann]

Eos

View through the AV

A Assess performance of ke
technology

I novel LS
I fast (~100ps) PMTs
I spectral sorting

A Cherenkov + scintillation e

Calibration deployment
system

24x 12" PMTs

event reconstruction

A Developing shared P—
framework (RATPAC2 & (AV) filled with 168x modern, fast
Chr?ma)dfc).[ Or'itlcal nmoa\;glntaalgget 8-inch PMTs
Neutrino adetection
community

A Planning for deployment
at SNS
I Measure’ .+1%0 cross

section, important for
supernova neutrinos

Dichroicons +
supporting PMTs

(JINST 18 P02009, 2023)
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https://iopscience.iop.org/article/10.1088/1748-0221/18/02/P02009
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[Thanks to Michi Wurm]

SuperSANDI iIn ANNIE

A 7 tons GdoadedWbLSn nylon vessel
I Contain particles
I Reconstruct full event topologies, including proton reco
I Deployment in July, neutrinos in Sept.

Nylonvesselundergoingprsuretsin Mainz
UNIVERSITY OF SuperSANDWithin
SUSSEX ANNIE PMarray  Jeff Hartnell, Neutrino ‘26 11



Exploiting Stochastic Light Confinement
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Opaque
Single volume
Self-segmenting

Jeff Hartnell, Neutrino '26
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The LiquidO Collaboration

90 scientists

> 26 academic
o Institutions

11 countries

LiguidOContactL@in2p3.fr
https://liquido.ijclab.in2p3.fr/
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Opacity
Two ways to make something opaque

£ )

Short scattering length Short absorption length
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Exploiting Stochastic Light Confinement

Highly scattering opaque detector medium
+

Extraction of the light

A Stochastically
confine the light
with scattering E.
and extract it L

A Enables precision
topological
imaging (sek
segmentation) s

UNIVERSITY OF
SUSSEX A. Cabrera et al, https://www.nature.com/articles/s42005-021-00763-5 15
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Highresolution imaging for
particle identification

Y [cm]

| 1 |
20 40 O 20

X [em] X [cm]

| 1
-20 0 20 40
X [em]

Low energy: 2 MeV

Distinguish positrons from point-like energy
depositions (e.g. electrons, protons, alphas)
and from gammas

UNIVERSITY OF
SUSSEX Jeff Hartnell, Neutrino '26 hitps:/www.nature com/articles/s42005-021-00763-5 16
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Ilzzlectrun 50MeV  Alabs)=5m A(scat)=0.5cm

Highresolution imaging for
particle identification
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Muon 1GeV
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Highresolution imaging for
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(Deliberately) Opaque Scintillator

(https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11007)

Linear Alkyl Benzene + PPO

MNowWwaSHoO = +

Paraffin

Opacity depends on paraffin concentration,
which changes crystalisation temperature

UNIVERSITY OF
SUSSEX Jeff Hartnell, Neutrino '26 20


https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11007
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Opague Scintillators R&D

A Multiple approaches -

I Wax additives
Amany different waxes! i

i Emulsions -<~
Amixtures of water and = ad
scintillator e
.. .. W I\/I
i Powder additives e A

I Other ideas
A Lots of creative work

A Huge openings for
further R&D

Water-based
scintillator, IST

Opaque water-based liquid
scintillator (oWbLS), BNL

UNIVERSITY OF
SUSSEX Jeff Hartnell, Neutrino '26 21



http://doi.org/10.1016/j.nima.2024.170075
https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11007
https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11007
https://iopscience.iop.org/article/10.1088/1748-0221/14/11/P11007
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https://arxiv.org/abs/2503.02541

Stochastic Light Confinement
(arXiv:2503.02541

Transparent Opaque
I I I 1 1 I 1 1 1 1 I I I I I I | |
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Normalised Light Response (A.U.)
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Single electrons 0.4 A 1.8 MeV, mono -energetic
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https://arxiv.org/abs/2503.02541

Hybrid Detection in LiquidO
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https://arxiv.org/abs/2503.02541

PrOtOtyp|ng SuperFGD-s taerv:Z!OS.lggg) A3Do D

LIME at U. of Michigan

doi.org/10.1016/j.nima.2024.170075

(Poster by Haohui Che)

A Results with
gammas,
neutrons,
muons and
protons

" BPULSE at Penn State / [
A USIng (Poster by Garret Wendel) ?Q",MF’V_R'QfO_" candldate : :
o J. — xfiber (vZ readout) TS5 8
C”JEHqLHE -T.:ﬂmﬂﬂﬂ Ls O °5
- . wrcnve. ts >{f1ag@
- M (Z, at 2=0) @
emulsion f i Wi
. . A i IOE
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6 r—
50
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https://indico.global/event/15740/contributions/147451/
http://doi.org/10.1016/j.nima.2024.170075
https://arxiv.org/abs/2605.10683
https://indico.global/event/15740/contributions/157804/
https://indico.global/event/15740/contributions/157804/
https://indico.global/event/15740/contributions/157804/

A 3 x 3 x 3 cm3 scintillator volume A 64 fibres, 3.2 mm pitch

A Waxy opague scintillator A SiPM arrays
A ~0.5 mm scattering length A PETsys TOFPET2 ASICs
UNIVERSITY OF Poster by Max de Carlos Generowicz

SUSSEX Jeff Hartnell, Neutrino '26 26


https://indico.global/event/15740/contributions/147345/
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Recorded
1000s of
muons

Estimated number of Photons

1.6

Jeff Hartnell, Neutrino '26
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[ A lj dzA

Rh &/ dzo S é

(J. Apilluelo et al., Journal of Instrumentation, Volume 21, January)2026

A High light yield
A ~170 PE/MeV

A Position resolution of
0.45 mm per row

I Twice as precise as a
simple segmented
detector of the same
fibre pitch @ € I i °

I Simulations show we
can improve to 510x
better than
segmented detector

UNIVERSITY OF

SUSSEX

16 48 80 112 144 176 20.8 240
X [mm]

Jeff Hartnell, Neutrino '26

Estimated number of Photons
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https://iopscience.iop.org/article/10.1088/1748-0221/21/01/P01010

Can we do something patrticle
physicsy with our LiquidO
detectors?
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[ AljdzZA Rh 4G ¢Af S

16 x 16 x 5 cm3 scintillator
volume

Fibres, scintillator and
readout S ame

UNIVERSITY OF
SUSSEX Jeff Hartnell, Neutrino '26 30



TRANSPARENT OPAQUE
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TRANSPARENT OPAQUE
silllas

0 5 10 15 20 25 30 0 5 10 15 20 25 30

UNIVERSITY OF

SUSSEX

Layer 1 Layer 1

Detect 16,000 cosmic ray muons an hour

Jeff Hartnell, Neutrino '26
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Michel Electrons

Top X+Y layers
uﬂﬂuﬂﬂﬂuu

A Select ~2000
candidates

I energetic delayed
coincidence events
A 0.4 to 4.4>s

I 99.5% pure sample
I Lifetime fit gives

304
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Bottom X+Y layers

Muon stops

9 s 10 15 20 25 30
Layer 3

AT 0mddms 0
A Muons downward
going
A Michel Electrons
Isotropic
I See some long
sideways tracks
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Will LiquidO work at scale for
neutrino physics?
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2 metre prototype

A Demonstrate LiquidO
at scale

A 150 Kuraray B3 (blue)
fibres just installed this
month

A Initial waterrun

I Muon Cerenkov light
observed

A Test bed for opaque
scintillators

UNIVERSITY OF

SUSSEX Jeff Hartnell, Neutrino '26 150 B3 fibres illuminated with UV lamp 55
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uropean . UK Research
and Innovation

Inhovation
Council

International collaboration

AEDF ( Fd dmtcires)
ALP21I Bordeaux
ABrookhaven Nati
ACharles Univer s
AClI EMAT (Spain)
Al JCLab / Un i-Saeay ¢Fiance
Al mperial College Lot
Al N-Padova (laly)
Alnstituto Superior T®
AJohannes Gutenberg Un
APennsylvania State Un
Montificia Universidade Catdlica do Rio de Janeiro (Bra:
AQueends University (Canada)
ASubatech / Nantes Universit®
ATohoku University / RCNS (Japan)
AUniversidad de Zaragoza (Spain)
Aniversidade Estadual de Londrina (Brazil)

Spokespersons:
AA. C adb IdGLabd Université Paris-Saclay (France)
AJ . H® rSussex Undiversity (UK)

AUniversity of California Irvine (USA) IB Chair:

AUniversity of Michigan (USA) AM. Gh@uweends University (Cal
AUniversity of Sussex ( UK)

ARutherford Appleton Laboratory (UK) hitps://antimatter -otech.jjclab.in?2p3.fr/ [AM-OTech]

21 institutions in 11 countries https://liquida.ijclab.in?p3 fr/nucloud  [via LiquidO]


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

10 tons LiquidO-Tracker Detector
Opaque scintillator + 10,000 fibres+SiPMs
~1.8 m diameter, >200 PE/MeV design, sub-ns timing

UNIVERSITY OF

SUSSEX



~35 m to nuclear
reactor core

Huge ' [ flux



https://indico.global/event/15740/contributions/147294/

Future plans
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Letter | Published: 07 April 1934 1934 Article of Bethe and Peierls
The “Neutrino”

H. BETHE & R. PEIERLS

“-one can conclude that there is no
practically possible way of
5305 Accesses | 97 Citations | 8 Altmetric | Metrics observing the neutrino.”

Nature 133, 532 (1934) | Cite this article
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Letter | Published: 07 April 1934 1934 Article of Bethe and Peierls
The “Neutrino”

H. BETHE & R. PEIERLS

“-one can conclude that there is no
practically possible way of
5305 Accesses | 97 Citations | 8 Altmetric | Metrics observing the neutrino.”

Nature 133, 532 (1934) | Cite this article

What s practical in 1946 is different than 1934...

Bruno Pontecorvo
Inverse P Process

(National Reserach Council of Canada, Division of Atomic Energy. Chalk'River, 1946, Report PD-205.
This version was kindly provided by Prof. W.F.Davidson).

UNIVERSITY OF
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50 years ago

Lots of great work by LENS
collaboration from early 2000s

First indium loaded scintillators

UNIVERSITY OF
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