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Neutrinos detection techniques

First neutrino detection by Reines & Cowan: use of transparent liquid scintillator + PMTs + doped target
Today ... same technology as 70 years ago !

SNO Borexino Double Chooz

Improvement of the transparency of the liquid scintillator
BUT with transparent medium:
* Limited doping (typically 0.1 %)
* Very limited or no event-wise Particle Identification (PID)
For low background (PMT) - buffer volume (typically >2x the active volume for v interactions)
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The LiquidO approach

To break this paradigm: use of an opaque liquid scintillator !
« Hey ! You want to use opaque stuff and expect to see light ? Good luck ! »

Opaque medium - light confinement + optical fibres to collect the light where it is created =

radius (R) (plane x-y) L i q u i d O

’/-—-_—i . | |

N |

QLA | See Neutrino Physics with an Opaque Detector — Arxiv 1908.02859

Using opaque scintillator allows:
* Doping (we do not care anymore about transparency)
* PID (to be detailed later) - tracking
* No buffer volume
* No need for segmentation

z-length (L)

.............

= What does « opaque » means ? -

lattice distance: . -
A — E Like these ? ——

F
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The opaque liquid scintillator

Opaque scintillator: before LiquidO, it has never been exploited !
 Liquid scintillator + something inside ?
* Micro-balls ?
* Solid

Today: opaque scintillator looks like wax
* Linear AlkylBenzene (LAB) based scintillator+ paraffin

* Developped by MPIK (See Novel opaque Scintillator for neutrino
detection - Arxiv 1908.03334)

Opaque means:
* Absoption length of few m
* Low diffusion length (~mm)
— stochastic confinement of the light
— PID possible
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The PID power

1MeV positron annihilation
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The read-out

With fast electronics, it could be possible access the event dynamic
Good vertex reconstruction (<cm scale) = fast detector needed
PMTs (few ns TTS) are too slow — SiPM technology (~0.1 ns)

A. Pin

Wavelength shifting fibres
to collect the light

Silicon PhotoMultiplier
with fast time response

GDR neutrino 30/10/19
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The source

Bordeaux has an electron spectrometer. mono-energetic electron beam

Scintillateur 130 um ~ * 2°Sr beta source with Q, = 2.3 MeV

Collimateurs e- pM xP1322 (0,5%) * Variable magnetic field to select the beam energy
* Thin scintillator (called DeltaE) at the exit of the spectrometer
to ensure we trigger on these mono-energetic electrons

Beam profile

£ £

Cosinting rabi (a.u_]

SEER
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First results




uLiquidO: experimental proof-of-principle

A. Pin

pLiquidQO’s goals :
* Capability to confine the light
e Capability to collect the light

-+ P D+ SiPM x3

L - »/70mm
In Kapton foi IlMeV electron beam
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The analysis method

Navecatcher Debug

fontrol

start || stop |

FO (bottom)

1 Single “ Software |

e
FEVents : ﬂ@ 50 l'l-
|
Time (sec) : FT:E‘ Fl ( Iddle)
’-|~‘
Rat 3
ate (Hz): | chl A
>
lisplay E F2 (
]
s, . N top
Enable [T‘ 2 " T /""MVN 2 i Tl e
e )
X-axis TIME E
- <
T=0 TRIGGER PM I
Persistency m
T -50
utput file D e |ta|
Enable: oN
Nb Events: 10000 -
e e —— S
0 50 100 150 200 250 300
Time [ns]
Trigger  Channel = Measurement  Analysis
enable | oo | ([HEH G20 620 o+ (o | EEN

Integral of the pulse = charge

GDR neutrino 30/10/19

PMT charge spectrum
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uLiquidO: experimental proof-of-principle

NoWash 10% & LAB / Fiber 0 (bottom)
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uLiquidO: experimental proof-of-principle

A. Pin
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uLiquidO: experimental proof-of-principle

NoWash 10% & LAB / Fiber 2 (top)
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uLiquidO : optical simulation

Optical simulation with GEANTA4: follow each scintillation photon from production to detection.

Liquid scintillator (MPIK):
* Light yield
* Absorption length
* Diffusion length

Fibres (Kuraray):
* WLS absoption length
e Attenuation length
* Refractive indexes

SiPM (Hamamatsu):
* PDE

Others (SuperNEMO):
« PMT QE
* Reflection factors

Transparent liquid scintillator Opaque liquid scintillator
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uLiquidO : optical simulation
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The analysis for simulation is performed exactly as the experimental one
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GDR neutrino 30/10/19

Order of magnitude validated ! Tunning of the optical model in progress
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Next step




Mini-LiquidO: to see the lightball

Mini-LiquidO :
« 208 holes
¥« 104 fibres (fibres are looped)
c * 64 SiPMs (4 end-of-fibre per SiPM)
S « 1 PMT (for control)
=
AN
Mini-LiquidO’s goals :
L. = .. I -+ To see that the light is confined as a ball
®0 oo oo oo oo o0 © : To prepare the reconstruction algorithms
.
- >
200 mm
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Mini-LiquidO electronics

64-channel Module with sampic technology

* 8.5GS/s «117.6 ps sampling
* 3.5 ps rms time resolution

* USB plug and play

* Given with software

Interface Configuration Run Graph Firmware Special Modes Measurements Calibrations Advanced Show Window Help

DIOB PO IRKE G WA i | G DD

MAN | VERTICAL |, HORIZONTAL | TRIGGER | Running@ He-ordered Data Samples White [TT] Black
g All channels: ===
CHIS  CH6 - o CH47 CH4B on on lnd
ang P - - ChO® Ch1 & Ch2 @ Ch3 & Chd # Ch5 @ Ché @ Ch7@
..... ChE @ Ch9 @ ChiD ®Chil ®Chi2 @ Chi3 @Chi4 @ Cn15®
ST
Ghit LINK
IPIC WTDC
DISPLAY 5 -On/Off (% 100 event)
Display TOT [ Display Mode
Re-Order Data " Only Time Instant - g
Waveform TDC+Time Instant —I 2
Spline Data I~ WaveFom TDC- 2
Persist I Waveforn Orly~ £
Subtract Baseline [§ Max deka XAs Time us) v 1-00 &
Max No of Hits/Ch /evt =1 1
RUN
Run Type Event # 1
@ Single Event
£ Finite Hit Number Total Nb Of Hits : Nb Of Hits required
© Finite Time 414 1
 Continuous
Required Run Duration
Group in same Event: [~ Days Hours  Minutes Seconds
Hits with time distance < = o 0 5 0
L5 Eselits 0.0000) 0 g 0 g 0 g 0 g
s Moors  Afests Seconds 32787921 32787924 32787926 32787928 32787930 32787932 32787935 32787937 32787940
0 o 0 0 Time fns]
H;;’fs Ll Xeis Ato [ Xmin 3[0.00 Yhos futo 7 Ymax 3120
o Xmax 64.00 Ymin 30,00

19
A. Pin GDR neutrino 30/10/19 CENBG, Bordeaux




LiquidO physics potential

Double beta decay:
* potential for high loading = multi ton experiment with no enrichment
* powerful single-site / multi-site event ID = background rejection

Geo-neutrinos:
* Detection of “°K neutrinos
* Dope the target —» lower energy threshold
* Single e* identification

Reactor neutrinos:
* Zero backgroung detection

CP-violation:
« PID to separate v_and v,

« Doping with Pb for v_detection

And more ...
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Conclusions

LiquidO is a Research and Development project. The LiquidO collaboration counts 45 scientists in 10 countries.
Capability to identify particle (PID) using: )
* An opaque scintillator to confine the photons

* Optical fibres_ to CaFCh light . ~— New detection approach with scintillator
* Fast electronics (SiPM) for event topology reconstruction

High loading potential. -

The pLiquidO setup made the first proof-of-principle of light confinement.
Optical simulation under development to validate the results.

The mini-LiquidO setup is currently being build @ Bordeaux.

Physics potential under studies.
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Backup
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uLiquidO: experimental proof-of-principle

Medium Optical Properties
. Control Sample: Transparent

N g - LiquidO Sample: High Opacity
; L LiquidO Sample: Low Opacity
o s
N O '§
g A
- 2
g 7
a 7 1
0
Photosensor Fibre B Fibre M Fibre T PMT
Dist. to Source 1 cm 2.5 cm 4 cm 5cm
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uLiquidO : optical simulation

Optical simulation with GEANTA4: follow each scintillation photon from production to detection.

Transparent liquid scintillator

Opaque liquid scintillator
GDR neutrino 30/10/19

Light yield: 9000 ph/MeV

Abs. length > 1m (depends

on the WL)

Diff. length = 25m for transparent
~ few mm for opaque

PMT: QE =36 %

SIPM: PDE__ =37 %

Mirrors: R =92 %

Tank: R~ =93 %

Entrance window: R =92 %

X

Fibres abs. length = 4m

Fibres wis. length < 1mm
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