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;  NEVTRINO
2018 Megehone

Mg distribution in the parameter space

Phys. Rev. D 96, 053001 (2017)

Probability densities and cumulative probabilities for mgj
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Agostini et al

(if not IMO) at NMO lower bound ~50%
[2 “non-existing ~ | Oton technology” to be half-way!]

<[ Next-generation most promising
experiments have a high discovery

| onrok yTor mgg to
be hlgher than 20 meVis

» 1 forlInverted Ordering

» ~0.5 for Normal Ordering

Cosmology has a relatively small
impact on this scenario.

g, quenching has an important effect
but not dramatic

30% g, quenching reduces the
discover potential by

» ~15% for Inverted Ordering
» ~ 25% for Normal Ordering

Andrea’s message @ Neutrino...

Possible scenario in 2024

Considering running or well advanced projects (for results, funding and infrastructures)

KamLAND-Zen 800
Start 2018

SNO+ phase |
Start 2019

LEGEND 200
Start 2021

CUORE

Running

NEXT-100
Start 2019

INVERTED NORMAL
ORDERING ORDERING

(Manishing lowest heutrino mass)

onstruction of

’ next-generation projects

» Cost in the tens/hundreds of MS range
hy_ competition
> 2- 3 projects to be selected

U1 [ |
102 MgzleV]

T T
Iton 100ton

(worse) Iton costs 2[10,70]M€

(together)
a 10ton programme >100M<€

[only “half way through™]

[due to enrichment >90%]

(worse?) one single experiment cannot provide a “certain discovery” (need 2x?)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



BB
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natural selection...

only Te?
(ho enrichment)

y

NOTE: a new method to yield 2 10x cheaper & high purity enrichment— field’s breakthrough!!
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s liquic scmtﬂlator techno\ogy tr‘ansparency

PMT@Tra-‘parency=>l

CTF @ Gran Sasso ............. —_—
(Borexino R&D)

v /A‘ g'\“ >



LiquidO In a nut-shell. ..

powerful imaging— Particle-IDentification (PID)

2MeV particles in LiquidO (simulation)

True Hits

transparent
(washed out info)

LiquidO ~ PID @ (high) Doping!

physics beyond detector “native composition” (H,C)

diffusion—shap images!
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an Opaque solution to BB...?

CNRS/IN2P3 team: CENBG, CPPM, ||CLab, LNCA, Subatech

[International Proto-Collaboration: ~20 institutions — strong affinity to SNO+ R&D]
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: LiquidO: the detection principle. ..

confine energy deposition locally= freeze information

readout: wave-shifting-fibres®SiPM’s

PMTs — become useless (unreachable light)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



Opaque scintillator— new technology! .
(so far only transparent)

liqguid~wax behaviour

reality 1s more like this...

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)




. the life of LiquidO optical photon...

100

photon’s behaviour...

*scattering—random walk (average: no displacement)
*collective energy deposition (1MeV: 1000's photons): a light ball [order |cm]

—> LiquidO must NOT be transparent

*overall scattering process: must be light-lossless [i.e. minimal absorption]
*Mie scattering: achromatic (white effect) & very tiny losses [next]
*Raleigh scattering: chromatic (blue sky) & lossless
*Internal Reflection (Snell's law lossless): due to fibre-medium interfaces

*overall detection rather insensitive to scattering details — washed out
*BUT fancy physics lies here [R&D]
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LiquidO — unique stochastic light confinement (mainly lossless)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



scattering can be a “milky business”. ..

Computing the Scattering Properties of Participating Media
Using Lorenz-Mie Theory

Jeppe Revall Frisvad? Niels Jgrgen Christensen? Henrik Wann Jensen®

Informatics and Mathematical Modelling, Technical University of Denmark
2University of California, San Diego

Figure 1: Rendered images of the components in milk as well as mixed concentrations. The optical properties of the components and the milk have been

computed using the generalization of the Lorenz-Mie theory presented in this paper. From left to right the glasses contain: Water, water and vitamin B2, water
and protein, water and fat, skimmed milk, regular milk, and whole milk.

Mie scattering (well known) used to study samples

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



- LiquidO recipe: just “bread & butter” physics. ..

X 4 p L Lo ! ¢ ~ o =
- " AT "1 . 5 . .- - {_rli‘——-‘ :'._’
S Sl gy X "

L

tday’s technoogy LiquiO technology

light ball size: scattering®fibres
(sampling optimisation)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



a LiquidO detector...

e B . ) AN Anatael Cabrera (CNRSINZPS @ LAL - ENCA),
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LiquidO’s multi-axes...

., LiquidO

up to 3 axes (unlike drift-TPC)—needed?

(T) x-y projection

3

50
00 Y[cm]

-50 0 -5
Xjem] 20
Z projection (not yet fully exploited)

| Transparent Scintillator®Fibres
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our digitisation electronics...

~ | 50pstper'sample

) time resolution: <100ps/PE
(L.e. <3cm/PE @ speed of light)

IEEE NSS (2014):The SAMPIC Waveform and Time to Digital Converter
NIM paper (201 6): Measurements of timing resolution of ultra-fast|silicon detectors with the SAMPIC Waveform Digitizer Anatael Galrefa (CNRS-IN2P3 @) jufdemsal N @)


http://events.lal.in2p3.fr/conferences/wasiw2018/SAMPIC_IEEE_NSS_2014.pdf
http://events.lal.in2p3.fr/conferences/wasiw2018/SAMPIC_NIM_2016.pdf

(Instrumentation-wise)

LiquidO =~ “light TPC” ® 41r-ToF

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



BB in LiquidO...good enough?

[LiquidO specialised to V's, regardless of BB]

pepea— I . \ A Anatael Cabréra (CNRSINIZPS @ LAL- INCA)



Detection-wise...

passive BG handles [unique features]
*high loading capability
*hermitical volume & dead materials
*radio-purity
*deep underground
* X-quenching

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &]
*PID: topology

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (¢B)

Signal-wise...
*isotopic mass NO NEED for enrichment (Te mainly)
*multi-isotope capability
*isotope purity
*energy resolution [KLZ-like?]
B vs BB discrimination?
*signal redundancy

Sensitivity appetiser...

B necessary conditions...

Anatael Cabrera CNRS-INZP3 /' l|CLab (Orsay) - LNCA (Chooz) Laboratories
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scintillator—R&D v (Borexino)
@D

fibres—R&D V?
[0.1% of mass]

(under study)
@D

photo-detector (outside!) v
®
Te-BB @10% doping — R&D v (4 la SNO+)
or
Nd-BB @10% doping — R&D v (a la SNO+)

only natural radio-activity
[no enrichment—much lower cost & avoid contamination risk]

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



fibres are rather okl good enough?
(under estimation)
y TP YT




pA

liquid/gas: convention— higher diffusion contamination (Ra)

*Borexino: 2!/0Po diffusion 20cm a priori (negligible)
— large distance (main limrtation on CNO observation)

solidification (or high viscosity): hermitic detector!!

Cube Label

»
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pramy)
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-
i
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O,
]
—
©
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o]
o
o
N

Average Temperature [DC]

0 . 14
2013/04/24 2014/09/20 2016/02/16 2017/07/14 2018/12/10 2020/05/07

[arxiv:2006.15115v1_[hep-ex] 26 Jun 2020] e

solidification: no BG wandering...
(also higher loading stability)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)




Detection-wise...

passive BG handles [unique features]
*high loading capability
*hermitical volume & dead materials
*radio-purity
*deep underground
* X-quenching

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &]
*PID: topology

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (8B)

Signal-wise...
*isotopic mass NO NEED for enrichment (Te mainly)
*multi-isotope capability
*isotope purity
*energy resolution [KLZ-like?]
B vs BB discrimination?
*signal redundancy

Sensitivity appetiser...

B necessary conditions..

Anatael Cabrera CNRS-INZP3 /' l|CLab (Orsay) - LNCA (Chooz) Laboratories
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. LiquidO: PID & background suppression...

Powerful PID:

Hits per Fibre

*> 103 rejection [ T

12D only: no timin

c
Q
e
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e

@)
<

2 O

Electron Efficiency

PID power is variable doping

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



.« data-driven BG model prediction (a la EXO)...

predict e--like BG-model & efficiency (BB2v)
EXO’s re;ectlon 1(e’):10(Y)

Smgle-Scattér

Counts
O R N W d U1 O

True Hits

250 2300 2350 2400 2450 2500 2550 2600 ]

log,,(Counts/14 keV)

2e- @ 2. 8MeV

20

X [cnq

MUH:H Scattzer

2Th, 28U)
Xe —— Oy m 3
capt ure 2v830 8 20

]
E3O

2200 2300 2400 2500 2600 27001
Energy (keV) —

log,,(Counts/14 keV)

1 u.m. ]

-60 —40 —20 FMA. :. K “\‘ .§.~’*Q~. :ﬂw ..ho,fl 7 R ] "
g

I"EiECted Y [ I :Z I 02?] 1000 1500 2000 2500 3000

Energy (keV)

no PID— only one spectra with ALL BG in [KLZ—-SNO+/JUNO]
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Detection-wise...

passive BG handles [unique features]
*high loading capability
*hermitical volume & dead materials
*radio-purity
*deep underground
* X-quenching

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &]
*PID: topology

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (¢B)

Signal-wise...
*isotopic mass NO NEED for enrichment (Te mainly)
*multi-isotope capability
*isotope purity
*energy resolution [KLZ-like?]
B vs BB discrimination?
*signal redundancy

Sensitivity appetiser...

B necessary conditions...

Anatael Cabrera CNRS-INZP3 /' l|CLab (Orsay) - LNCA (Chooz) Laboratories
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SNO+ Spectrum

(=i

S 40 .

> B OVvBB (100 meV) Detector configuration:
=< 2vBp

§ 35 B (o, n) 05% natural Te

m .

A I U chain . .

Z 30 B Th chain 5 years live time

3 External

- 3.3m fiducial volume (17%)

I °B VES
I Cosmogenic

20 ROI

15

Cosmogenic

10

9.2 23 24 2.5 2.6 2.7 2.8 2.9 3

Reconstructed Energy (MeV) External vy

ROI: -0.5 - 1.5 6 (2.49-2.65 MeV)

Predict 12.4 counts/yrinyri

Internal U chain

Internal Th chain

~10%/keV.kg.yr

LiquidO-BP solar BG: no issue!
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Detection-wise...

passive BG handles [unique features]
*high loading capability
*hermitical volume & dead materials
*radio-purity
*deep underground
* X-quenching

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &]
*PID: topology

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (8B)

Signal-wise...

*isotopic mass NO NEED for enrichment (Te mainly)
*multi-isotope capability
*isotope purity

*energy resolution [KLZ-like?]

B vs BB discrimination?

*signal redundancy?

Sensitivity appetiser...

B necessary conditions...

Anatael Cabrera CNRS-INZP3 /' - Laboratories




iIsotopic mass: [oading vs enrichment...
isotopic loading (% or kg/kg's)

me(ten) o1 05 1.0 50 10.0 50.0 100.0
[V= i | g/l S5¢/I | Og/I 50¢/I | 00g/I 250g/| 1000¢g/I

1.0

500

33.0

@
Y
c
(]
L)
c
-
0
("]
\
c
9
)
Y
[\°]
- &
[
2
Q.
(o)
)
(o)
.2

90.0

enriched

10.0 |

! ! !
today SNO+ LENS & SNO+ — €W

reactor R&D (done) R&D?

massive loading capability (R& D)= no enrichment!
enrichment costing: [10,100]JM€/ton

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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energy resolution?
(ke KLZ at best — SNO+ soon)

7%@ I MeV—-4%@3MeV
[LiquidO expected <300PE/MeV(max)]

232v dominant BG: show-stopper?
[sensitivity studies]

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



Detection-wise...

passive BG handles [unique features]
*high loading capability
*hermitical volume & dead materials
*radio-purity
*deep underground
* X-quenching

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &]
*PID: topology

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (8B)

Signal-wise...

*isotopic mass NO NEED for enrichment (Te mainly)
*multi-isotope capability
*isotope purity

*energy resolution [KLZ-like?]

B vs BB discrimination?

*signal redundancy?

Sensitivity appetiser...

B necessary conditions...

Anatael Cabrera CNRS-INZP3 /' - Laboratories




s exciting (le and Nd) excited state decay...
BB [E = Q(3370keV) - E(1) - E(v2))

Yl (~406 / ~712 / ~859 / ~921)keV

> 1255.40

3 1193.73

+ roacos N G 401 e

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

op WY
~201-1:3+1.3- MeV-+

: 5
S S PR RN R (e 1 R L i R RPN

if discovery— internal validation! ESR SR N IO R AL WO W
(same detector ® same Q-value ® different BG)
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Detection-wise...

passive BG handles [unique features]
*high loading capability [LiquidO]
*hermitical volume & dead materials [LiquidO]
*radio-purity [Bx/KLZ&GERDA]
*deep underground [OK]
*X-quenching [OK — KLZ, etc]

active BG rejection [unique features]
*Pulse Shape Discrimination [e-/Y vs p (neutron) vs &X— possible]
*PID: topology [LiquidO]

toughest BG [unique features]
*cosmogenic BG: how to be sure?
*the ultimate BG: solar (8B)

Signal-wise...

*isotopic mass NO NEED for enrichment (Te mainly)
*high loading capability [LiquidO]
*multi-isotope capability [ YES: SNO+ R&D]
*isotope purity [SNO+ R&D]

*energy resolution [KLZ-like? further improve?]

B vs BB discrimination? [LiquidO]

*signal redundancy [LiquidO]

Sensitivity appetiser...

KLZ demonstration — world best limits!

BB necessary conditions... sufficient!

Anatael Cabrera CNRS-INZP3 /' - Laboratories




high isotopic mass Bp-decay with LiquidO?
BG-Index (le-3), loading (10% Te a la SNO+), conservative PID (not optimised)

BB-decay sensitivity potential» 10meV sensitivity?

erc-Liquidd size (5m?3)
Te@10%
B

%0 T®@3L W0o00T-OpInbI]
%0 E®@3L WOo00T-Op!InbI]
Excluded

>
Q
S
—
7))
7]
©
S
@
I2
e
Q
2
(v
Q
O
c
=
e
-
Q
<

—
o

@ SMStMTk

¥ SMMI

m 1BM2

+ QRPACH

¢ QRPATu
QRPA Jy

¥ R-EDF

A NR-EDF

¥ PHFB

T U R
BP isotope mass (kg)

h loadi ( o ) LiquidO same detector size
* heavy loading (no enrichment loadi >10
LiquidO i- powerful PID —loading X

* radiopurity
* multi-isotope (R&D SNO+)




Potential BG Index (events in Rol per kg per keV per year)
*LiquidO: ~ [ e-3? (today's knowledge ® PID) [passive fibre]

‘LiquidO*: ~1e=-4? (active fibres & R&D%*) [BB2V < resolution]
‘LiquidO*%: ~]e-5? (R&D** better resolution) [solar 8B @ 10% loading]

NOTE: none of the "fancy ideas” used for BGl estimation— room for improvements!

under exploration... maybe'
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a good framework for B research?

(targeting = 10tons for NMO)

much R&D ahead to be able to answer

(toughest question so far for LiquidO)

questions, please!

& « .

anatael@in2p3.ir

merdci...

HOMED. .

danke...
A== R
obrigado...
Cnacmbo...
orazie. ..

TS .

hvala. ..
oracias. ..

thanks. ..
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