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~50 years of neutrino oscillations...

huge experimental/theory effort
' discovery®establishment < Nobel 2015]

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



; status on neutrino osclllation knowledge.. .

Standard Model(3 families)

[leptons & quarks] no conclusive sign of
& any extension so farll
PMNS::(6/2,623,013)
&

+FAm2 & +om?2

must measure all parameters— characterise & test (i.e. over-constrain) Standard Model

(inconsistencies vs uncertainties)

today
best knowledge global
02 SK@SNO 2.3 %
023 NOVA+T2K| 2.0 %

1.5 %

O3 DYB+DC+RENO

+0m?2 KamLAND

IAm2| T2K+[l)\IYC|§VA &

2.3 %
1.3 9%
NO @ ~30

32T @ =20
(now) (reactor-beam)

JUNO®DUNE®HK will lead precision in the field—Mass Ordering & CPV

L ERIN eI Ty unknown | SK et 3

CPV unknown

ORCA®PINGUaIceCube complementary for Mass Orderineg & Am?2 measurements Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



flagship neutrino experiments. ..
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(permille precision)

European contributions in all experiments — including technology (LA, etc)

2 accelerator cxperiments & — redundancy
&
I reactor experiment =

4 Anatael Cabrera CNRS-IN2P3 / I|CLab (Orsay) - LNCA (Chooz) Laboratories




weutyivos oseillation @ standard picture (SM)
[+£oday's signal = fomorvow's background]

weutyinos to probe BSM— discoveries?
be\jowd ‘ana\j) S ParaA:gw\ [

our rationale...
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neutrino unique In Standard Model. ..
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the new opportunity. ..
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Chooz is tiny cute little village in the Ardennes

maybe Chooz!

(8 X A |

Chooz = powerful reactor(s) ® overburden
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‘.-r“.:":CIVI‘ construction near a reactor7
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," upon DoubleChooz underground laboratories limitations. ..

4 *too small: <

*too shallow! (to today's technology capability)

- A

lesson: don't.



Chooz: any future?

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




an underground unknown. ..

|2 Anatael Cabrera CNRS-IN2P3 / I|CLab (Orsay) - LNCA (Chooz) Laboratories



huge caverns (already built) of the size of Super-Kamiokande right next to Chooz reactors!
(unique site in France-Belgium / Europe / World?)

'' e =
''''''

,,,,,,
e

Chooz-A for science!
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uper-Kamiokande
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SuperChooz cavern is built (607%)...

Super Chooz?|

(France/Europe) | e S ‘
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historical opportunity!! one of the largest underground laboratories in Europe — built!!

|16 Anatael Cabrera CNRS-IN2P3 / I|CLab (Orsay) - LNCA (Chooz) Laboratories
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IJCLabGaSubatech teams — Octobre ZOZO

EDF®CNRS exp!

CNRS/|N2P3 d|rect|on — March 2022

loring (2018)...

L




"'UPERCHOO

experimental scenario...

|8 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



. SuperChooz

We are delighted to announce that the #SuperChooz
agreement between @EDFofficiel and @CNRS
directions was signed on the 7th Sept 2022
(twitter.com/IN2P3 CNRS/sta...), thus officially
starting the so-called “SuperChooz Pathfinder”
exploration era.

UPERCHOOZ

pathfinder [2022-2028]

exploration 1s now official. ..

19 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



SuperChooz experimental setup...

the Ardennes mountains

European UK Research
and Innovation

Innovation
Council

Ultra Near Detectors @ Chooz-B:

*LiquidO technology P ~
*Mass: <5 tons ¢ — .
*Overburde ) / ’ =z
*Baseline: p— //
f -~ the Meuse river

Super Far Detector @ Chooz-A Seaea
*LiquidO technology ==
*Mass: ~ 10,000 tons '
*Overburden: <100m s =
*Raseline: ~ | km ; =

20 Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay ( Ors)




Ll ————

SuperChooz — new laboratory facilities — beyond the existing LNCA (key support!)

N\

lles Ardennes (Franc) LNCA-i-IaII (

o~

CNRS)

\'

. NS
Double Chooz ’

Y

Chooz-B Power Station N - DN -
«facility: EDF CNPE L N\
*location: Chooz (France) '
*reactor cores: 2x EPRs

~type: PWR AREVA-N4

‘\.‘\

Super Far Detectors

Double Chooz
Far Detector 4

21
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experimental demonstration

22 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



exnerimental dem0“8trati0n I Article \ Published: 20 April 2020

Double Chooz 6,3 measurement via total neutron
capture detection

30ton®L=400m®30m overburden
, _ _ The Double Chooz Collaboration

—— ND Data Nature Physics 16, 558-564 (2020) | Cite this article
No-oscillatted MC

B2 Accidentals
9, . . . .
] Cui *no Gd needed a priori — simpler

: et Nemmns; sextreme precision single/multi-detector(s)
| | —simpler detectors (avoid multi-volumes)
control of all systematics at per mille
sgeometrical full flux cancellation systematic
—fewer reactors sites is better!
sexquisite energy control absolute/relative
*Chooz site full background knowledge

Events / 0.25 MeV

DC-ND:
Signal =~ 816 v/day (average over cycle)
BG(B-,a,y,p) = 39 day"! (‘some per day”)

Signal/BG = 21— 30 within IBD region [0.5,9.0]MeV

systematics can be controlled: ~0.1% (each)
[flux, background, detection]

energy control: <0.5%

DoubleChooz data & expertise...

23 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



Sanford Lab
Homestake
DUSELUPhysics
DUSELUBGE
Gran Sasso
Canfranc

| Frejus/Modane
Pyhasalmi

cf

before
. HyperK

z
°
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North America Europe

overburden <100m rock (or <300 mwe

orld underground volume. ..

Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay (Orsa




experimental demonstration Il

L1 Qu I b i

new technology — the breakthrough

25
Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



m tOELays ||qU|d scmt|Hator ’Eechno\égy transaarent

~; . -
- / X4 Ay

extremely Iow overburden— new technology needed

e ¥
CTF @ Gran Sasso

(Borexino R&D)



stochastic light confinement

T 7 777755~

*scattering—random walk—light ball [order |cm] =
*scattering mean-free-path order lmm: x10-* smaller than usual

*lossless (elastic) light scattering:
*Mie scattering: achromatic & tiny losses ['cloudy’ touch] =
*Rayleigh scattering: chromatic & lossless

*Internal Reflection (Snell’s law lossless) 1
avoid reflection (losses @ order ~ | %/reflection) 7

LiquidO & unique stochastic light confinement B
= must NOT be transparent!! -

40

60 80

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

|}

S - -

Rayleigh & Mie Scattering

//Transparency -~
/A(sceittermg)'zIOm /

inducing light to a point (lossless). .-

7 A 7

A(scattering)=slem
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Transparent

NV

-

Opaque

iquidO =

L

Geant4 Simulation

(under tuning)

“light ball” size

AS

escattering

# fibres

-absorption?

Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



topology's PID (no timing)...

PID e/y should be =100:1 rejection @ =90%
(Y resembles more e+ = e= + 2y)

x[cm]
-20

Electron c e [ Prototype “light ball”
: 'u*': ", ~80% light s5cm @1.8MeV

-J:. -I...l

Event Size: few cm’s

Hits per fibre

1 10100 800

scattered pdints (et = y) g point-like (e = a = p-recoll)

Neutrino physics with an opaque detector

LiquidO Consortium

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

Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay (Orsa



unprecedented PIIID@MeV. .

potential: reduce overburden/shielding

[
o
w

P TS RPRRSIOOURTTOS SOOI ST PPRITTIOS ST g g SO0 ...

True Hits

[
o
N

. o transparent transparent
........... . I (\washed out info) Ocm M@ (Washed out info) &

SNNCTT T e OINL. 7 LI PP ITTS TP PP PP IT T PIPPPPITPP I,

s g

opacity— (nativVe)ISelifSeégmentation

s prodlematic @ I¥eV (pollution, cost®complex, etc)

—

30

~1MeV: reactor, geoneutrino, solar, etc Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



m — g~ — Michel-e- (tracking charge)
[Michel-e+discrimination possible]

Doping:
e Control density (=0.8kg/ms3)
e Increase Z
e Control EM vs Hadronic

— Collider Calorimetry

. « k n’s ToF (momentum -recoill
\’(]&%:.i'r ; '“k-:”:. ( ) + P |

Genie Generated : — capture on H [tag: 2.2MeV Y]

500 1000

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

o : 31
=100MeV: accelerator, atmospheric, p-decay, etc Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsa



SuperChooz : ~9 700 m3

some commonhn technology but not methodology
iptillator: v (improvement)

res ¥ (improvement)

*sesrentation X (simplification, cheaper, less BG)

*light collection: ¥ (improvement expected)
*photo-detector: ¥ (simplicaition with SIPM)

*MeV optimisation—Scaling R&D [=2024]

SuperChooz (~10kton) similar dmensions as NOVA (~14kton) & one module of DUNE (~10kton)
Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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First Release at CERN July 2019 (detector seminar)

https://indico.cern.ch/event/823865/

latest experimental results @ Neutrino 2022

nature . - (June 2022)
communications | S|CS

Acle | Open Access | Pulished: 21 December 2021

Neutrino physics with an opaque detector

on behalf of the LiquidO consortium...

LiquidO Consortium

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

1867 Accesses | 1 Citations | 10 Altmetric | Metrics

Abstract COVID delayed

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

XXX Neutrino Conference

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

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 - ‘ A"gﬁ'gg/ﬁ;’; era

neutrino physics is presented here, alongside the results of the first experimental validation. s e Unversite ICLab/Université Paris-Saclay
@ e Eie W (s

DOI 10.5281/zenodo.6697273

Wwvv.nature.com/articles/s42005—02 1-00763-5
https://zenodo.org/record/6697273#.Y4DDdezMLfv

proof-of-concept: simulation & data [M=LiquidO] latest prototype detector results [mini-LiquidO]

physics potential — appetiser - physics potential — more precision

LiquidO Official WEB: https://liquido.ijclab.in2p3.fr/
Anatael Cabrera (CNRS-IN2P3) — I[CLab / Université Paris-Saclay (Orsay)


https://liquido.ijclab.in2p3.fr/
https://zenodo.org/record/6697273#.Y4DDdezMLfv
https://zenodo.org/record/6697273#.Y4DDdezMLfv
https://indico.cern.ch/event/823865/
http://www.nature.com/articles/s42005-021-00763-5

LiquidO Consortium*

J.dos Anjos®, L. Asquith®, J.L. Beney9, T.J.C. Bezerra®, M. Bongrand?, C. Bourgeois'", D. Brasse®, D. Breton!",
M. Briere!”, J. BustoP, A. Cabreral™, A.Cadioud, E. Calvo®, H. Cardunerd, V. Chaumat™, E. Chauveau®,
M. Chen®, P. Chimenti®, F. Dal Corso*®, A. Dahmane®, J.-F.Le Duf®, S. Dusini*, A.Earle’, C. Frigerio-Martins®,
J.Galan®, J.A. Garcia®, R. Gazzini®", A. Gibson-Foster*, D. Giovagnoli®, P. Govonii*4’, M. Grassi¥’,
W.C. Griffith*, F. Haddadd, J. Hartnell*, A. Hourlier8, G. Hull™, I.G. Irastorza®, L. Koch!®, P. Laniécefa’fﬁ,
C. Lefebvre®, F. Lefevre?, P. Loaizafa’fﬂ, G.Luzén®, J. Maalmi®®, F.Ma.ntovanida’dﬂ, C.Marquet”, M. Martinez®,
Lis Ménardfa’fﬁ, D. Navas-Nicolas™, H. Nunokawa™, M. Obolenskyfa’fﬂ, J.P. Ochoa-Ricoux®, C. Palomares®,
P. Pillot4, J.C.C. Porter®, M. S. Pravikoff®, M. Roche®, B. Roskovec!, M.L. Sarsa®, S. Schoppmanniﬁ,
A. Seraﬁnika’kB, W. Shorrock®, L. Simard®™, M. Sistii®, D. Stoccod, V. Stratida’dﬂ, J -S. Stutzmann9, F. SuekanetP,
M.-A. Verdier™ ’fﬁ, A. Verdugo®, B. Viaud?, A. Weber'”, and F. Yermiad

2Centro Brasileiro d 2290-180, Brazil

¢CIEMAT, Cent; blutense 40,

Km 380,

Padova, Italy
arles University,

38097, 22451-900, Rio de

"Department of Physics, Engineering F rsity, Kingston, Ontario K7L3NG6,
°Department of Physics and Astronomy, University of California at Irvine, 4129 Frederick Reines Hall, Irvine,
California 92697, USA
PRCNS, Tohoku University, 6-3 AzaAoba, Aramaki, Aoba-ku, 980-8578, Sendai, Japan
dSubatech, CNRS/IN2P3, Nantes Université, IMT-Atlantique, 44307 Nantes, France
"Department of Physics and Astronomy, University of Sussex, Falmer, Brighton BN1 9QH, United Kingdom
SCentro de Astroparticulas y Fisica de Altas Energias (CAPA), Universidad de Zaragoza, Calle Pedro Cerbuna
12, 50009 Zaragoza, Spain

invention/conception 2012-2013 — since 2016 consortium (~20 institutes & 10 countries)
Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)
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experimental demonstration IV

SuperChooz's pilot project

L@ U L

Europecn %
Innovation * - UK Researc
Council ** ox and Innove

project: “AntiMatter-OTech"

first LiquidO-

CLOUD = "“Chooz LiquidO Ultranear Detector”

Dased experiment. ..




(V) DoubleChooz — (V) LiquidO — (v starting) CLOUD — (exploring) SuperChooz

~20 years of collaboration. ..

36 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)
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scientific programme (SO far)

37 Anatael Cabrera (CNRS-IN2P3) — IICLab / Univ aclay (Orsay)



neutrino sources...

large SuperChooz detector— vast physics programme!

| LI | L0 ik --'

~20,000,000 vs per year

-

~25,000 Vs peryear | =

]

- " core-collapse & remnant -

.

geoneutrino? yes, but huge irreducible background by reactor neutrinos!!
38 Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay (Orsay)

...also atmospherics!



SuperChOOZ ra-tes o 10 years exposure

Antineutrino Reactor (@!.lkm): Antineutrino Reactor (@20m):
¢ = 6 veday-'*ton-' [*DC-FD] ® = 16k veday-'ston-! [>DC-ND]

® = 20M veyear-! [~ 10kton] ® = 10M veyear-'[~2ton]
¢ = 220M V’s [exposure: 100,000 toneyear] ® = 100M V’s [exposure: 20 toneyear]

e —
=

$o = 250,000 V’s [exposure: 100,000 toneyears] ¢ <100 Vv’s [exposure: 20 toneyears]

Chooz-A: Cavern Reacto- Core

- e
Ultra Near Detectors @ Chooz-B: =

*LiquidO technology

—
BB °Mass: <5 tons =
| | \ = *Overburdengsd ~
R g «Baseline: <30m ,: : A

“~" Super Far Detector @ Chooz-A
*LiquidO technology
*Mass: ~ 10,000 tons

*Overburden: <100m
*Baseline: ~ [ km

39 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)
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the power of coincidences

low energy (=3MeV) neutrinos interactions benefit by interactions leading to coincidences

Reines et al 1956 Raghavan et al 1977

(neutrino discovery) (pp solar neutrino — unobserved)

CC:0,+p—ole4n CC:u, + 115In —le )€y +yle”
(T = 220us for only H®C) (t = 4.7Tus decay of Sn¥)

major R&D by LENS et al [many years]

Hits perfiore  * *.--ilee
= | p116kev - °

| 497 keV
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vationale. ..

e high precision S’ s weutyrivo oscillation
— SYywergise with JUNO & HK@DUNE

o neutrivos probing BEM— discoveries?

= be\jovxd -l;oda\j)s Pa‘(adi()w\?




. Super Chooz potential under investigation. ..

Plot: hacked version from original in Ellis, Kelly & Weishi-Li at arXiv:2008.01088

FUTURE (JUNO+DUNE+SuperChooz)

!
PRELIMINARY I

0.75
it
Reactor-613
* 0.9
=
N
0.25
PRELIMINARY
95% CL (dashed) Super Chooz (solar)
99% CL (solid) Reactor-813
0

Super Chooz: the smallest but powerful...

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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physms I: reactor neutrinos...
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experimental setup... ‘

¢(reactor) I sin2(20,3) sin2(20,2)|
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10
Length (km) [at E~3MeV]

*reactor: extreme source of neutrino (commercial = | GW=2x1029/s) — no running cost.

*3 measurement regimes: depending on baseline (L):

'UND] zero-baseline (L—~0km): ¢p(reactor) — and new physics: Unitarity violation?
'SFD] short-baseline (L=~ 1km): 6 13®Am?2 [multi-detector: ¢p{reactor)]

] ' = : 2 and-H39AM?2 - enoushresolution

Anatael Caprera (CINRS-INZFS @ LAL - LINCA)



overall B13®Am?(ee) sensitivity...

Output Am?2, unc. sin® 263 unc.

<0.5% <0.5%

[first time] sub-percent measurement of 613®Am?2(ee)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)




why B, & | Am?|? (reactor)

o wov\d most precise B/l [permille precision]
o (unique) cross—check 'S \m?
o« PMNS' s(na?e: the smallest teym
e Synergies: ex+tya preciSion ow
o E|—> 's CP violation
o (Simultaneously) vesolve octant—(Hz%7
° PMNS’ ska?e: the \art)ech teyml

" '3 Mass orderivxg (osci\\ation)




- Super Chooz potential under investigation. ..

Plot: hacked version from original in Ellis, Kelly & Weishi-Li at arXiv:2008.01088

1 ) NI
PRELIMINARY

0.75

Sil’l2 923

Reactor-613

0.25F—Current

95% CL (dashed)
99% CL (solid)

synergy: SC 613 may help to resolve the “623 octant” ambiguity

Super Chooz: the smallest but powerful...

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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physms | & solar neutrinos
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Sun’s Inner-most Insight. . .

pp-chain CNO cycle
pp-v pep-v ? )
A\P [(£06%)
99.6% 0.4% ' "Be [+6%]
.

85% 2x10°5% hep-v pep [£1%]

3He + 3He — “He + 2p|1|°He + p — “He + e* + v,

pp-| 15% UN+p—->10+7 70 +p — N+ 4He ‘ 8B [+12%)]

SHe + “He — "Be + v
"Beoy 99-87% 0.13%

7 T 7 8
‘Li+p—2'He |8B-y|°B—®Be* +e*+,
pp-ll 99.96% 0.04%
8Be* + p — 2%He ° ’

ppe-lll

2 main reactions... spectral precision “Solar-SM” ( )
pp Chain (dominant in Sun, still) eSuperChooz up to sub-% precision on everything
*CNO Cycle (most stars dominant) *probe beyond- & beyond-SM?

51 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



10 kton (10% '°In loading) x 10 years @ 100 PE/MeV

-
N
o

' SuperChooz: N’ world-leading precision

1.15 ' SuperChooz: Fit

1.10F= .. Standard Solar Model* .. i I—

>
o
=
©
T
7]
©
c
=
o
=
b
©
)
oc

neutrino precision beyond Solar-SM (HZ or LZ) for the first time!?

pp-Chain CNO-Cycle

0.80
*B16-GS98 HZ

nignest precision solar pnysics. ..

52 Anatael Cabrera (CNRS-IN2P3) — I[CLab / Université Paris-Saclay (Orsa




solar spectra extraction...

energy resolution & threshold considered — no systematics yet

' v:sign:aI e
—4+— ""In B-BG
“c B-BG natural abund.

'“C B-BG BX abundancy

Events per 50 keV

g 1 1] spectl dEOmpositin |
1 10 10
Visible Energy [MeV] Visible Energy [MeV]
Signal to BG =10x Full Spectral Information:
*Neutrino Energy (CC interaction)
Background-less >0.5MeV *High Statistics: 10% (In loading) x 10 years

[LENS et al] *Light level: 2100PE/MeV (thershold: 0.|MeV)

53 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)




ultimate solar spectra knowledge?

Event Rates (10% load)
pPp: ~250,000 [0.2%]
pep: ~7,700 [ |.1%]

‘Be: ~85,000 [0.3%]
CNO: ~9,700 [<2%]

8B: ~2,200 — good by SK!
hep: ~4 — unlikely

Relative Uncertainty

—30% loading? ~3x stats

Flux Information:
*SSM prediction
*SNO-NC for ¢(¢B)

0.80

*B16-GS98 HZ

low systematics (fiducial volume, efficiency, energy, In-fraction, etc) = under final evaluation

ISSUE: exclusive Indium cross-section knowledge? Possible ~1%? [a |a Ga]

54 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



neutrino osclllation transition. ..

In-interaction: neutrino energy scan (impossible for elastics scattering)

1.0 : ; - : : - -
0.0 E. m SuperChoozFit. ... § SupecChoo

10 kton (10% '"°In loading) x 10 years @ 100 PE/MeV >n on 0,

+ SNO constraint . . | . W Borexing

o 8 ........................................................................................................................................ .
o 7 L L L O T R RN R T { T I T T T LTI

Soof i JEgl

B Bl | S measure 012 & dm?

W0-SE e I R L i (neutrino)

~ i SRR
o 0-4 ‘

PP direct comparison with [<0.5%]

Y Y S T R A S — CPT violation?
: e P F i P : M SN ey (neutrino vs anti-neutrino)

0.2 E-.*rer 55 i RoR R -
0.1F gt -
MSW regime

0.0 vacuum regi o
107

1 10
Neutrino Energy [MeV]

solar neutrinos: longest baseline neutrino with few % precision— new physics?

use $(SNO-NC) for 8B control [1.5,10] MeV — ultimate limitation?
55 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



Sun’s neutrino knowledge
*direct probing innermost structure

*precision beyond Solar-SM (all)— first time!
1B driven by HK®@JUNO®DUNE]

neutrino solar astrophysics!

. "~




why B2 & §n* 2 (solay)

e wovld most precise neutrivo B, & w*
o Unigue cvoss—check of JUNO
o fivst fime: weutyrivo precision better SSM

o 2ll PP—c(na‘;V\I PP to <|% Po-(:e\n-(;i’a\
o (Fivrst) all CNO—cyle: o few 9.
= veutrivo nfo driving SSM precision?

o Fivst time: mapping MSW shape (few %)

— deviations? vew wteractions [BEM]
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physics llI: fundamental symmetries
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beyond—SM weutyivo oscillations (L)

CP Violation? [EM— foreseen v ClkM awd PMNS ]

o (indivectly) P V\V\OW\eA()e ov B17
—> extra precision on (2% 7 [backup]

UV‘."EB'(."L‘j Violation? [BSM] Cdiscovery potential)
e @UND: veactor absolute Hlux (up +o 05%7) — CLOUY

« GSFU: solar—pp absolute Flux (up +o 0 6%7)

CPT \/30\3‘(730\“? [BSM] Cdiscovery potential)
e OIZ by both P — difference?

BavyonH Violation? P‘(o-l:ow—deca\j [multi—mode] ( discovery potential )

Anatael Cabrera (CNRS-INZ2P3) — ]

ab [ Université Paris-Saclay (Orsay)



discovery channels too...

free-H per unit of mass:

m (p ro-to n) =~ I G ev :;?::i';:l;tlgcﬁ up to 20%

LiquidO Configuration: <|cm pitch

—500

-

MIWE Genie Generated §

—3000 —2000

Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay (Orsa



UPERCHO®O

main conclusions. ..

61 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



neutrinos back to Europe!?
(high precision)

Super Chooz?| .
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historical opportunity for Europe’s neutrino science (fundamental & innovation). ..

62 Anatael Cabrera CNRS-IN2P3 / I|CLab (Orsay) - LNCA (Chooz) Laboratories



63

status on neutrino osclllation knowledge.. .

s designed cover the full SM picture (3 families) [synergy]

explore the SM’s consistency/completeness— BSM discovery?

today | =2030
best knowledge olobal  foreseen dominant source
02 30%  SKeSNO 2.3 % JUNO®SC reactor®solar
023 50% NOvA+T2K 2.0 % DUNE®HK [SC]  beam (octant)
03 |.8 9%  DYB+DC+RENO .5 % SC reactor
+dm?2 2.5 9%  KamLAND 2.3 % JUNO®SC reactor®solar
|Am?2| 30%  THENovAS 1 3% JUNOeDUNEeHKeSC  reactor@beam

ERR I AT unknown SKetal NMO @ <30

JUNO@DUNE®HK  reactor®beam

DUNE®HK [SC] beam driven

CP violation? T2K+NOvA 3/2m@ <20
CPT violation?

Unitarity RIGIETEELY
Baryon# RLEELLH

<|%? SC reactor®solar
<|%? SC reactor®solar
— [romremee

reactor@solar main channels of SC, but low energy atmospherics under study...
Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)




thanks to EDF teams & support,
LiquidO consortia,
AM-0OTech consortia,
CLOUD collaboration,
and SuperChooz team.

thanks...
merci...
DESLICE...
HLIDED...
danke...
obrigado...
cnacubi...
grazie...
151159 ..
hvala...
gracias...

UPERCHO®O

new flagship neutrino physics project in based Europe [>2030]?
(once JUNO®HyperK®DUNE are running)

. K
S EDF
CNIS

anatael@in2p3.fr 64 B =0 (CINRS-IN2P3)— lIClab / Université Paris-Saclay (Orsay)

new detector | ] ® new site [Chooz-A] ® new physics

https://liquido.ijclab.in2p3.fr/
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EP Seminar

The SuperChooz Experiment: Unveiling the Opportunity

by Dr Anatael CABRERA (IJCLab - IN2P3/CNRS) @\

Tuesday 29 Nov 2022, 11:00 = 12:00 Europe/Zurich —
@ 222/R-001 (CERN)

HEP-European Ph
(July 2019 @

tightly linked to LiquidO, AM-OTech/CLOUD, and SuperChooz collaborations/consortia & specially EDF

European
Innovation
Council

ks
g g
e J ly 2019 Seminar @ CERN Can
. eminar
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':). T 3 g o ‘
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. s LNCA@Chooz @ ovsod EE- Wins o’

https://indico.cern.ch/event/ 1215214/

https://indico.cern.ch/event/577856/contributions/342 1609/ https://zenodo.org/record/7504 162

https://liquido.ijclab.in2p3.1r/

since 2018
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