tightly linked to LiquidO, AntiMatter-OTech/CLOUD, and SuperChooz team, specially EDF
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main flagship v experiments...

LT ™, -

Hyper-Kamiokande

S

-+ JuNo
-+ |(China) A

(Japan)
T ’ = ‘ ﬁ o

>2025F  [52027

(largest volumes ever excavated for the sake of science)

historical era for neutrino science...

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



3

Standard Model(3 families)
[leptons & quarks]
&

PMNS::(012,0230,3)
&
TAm2 (1Am2;y3) & +0m2 (XAm?,)

status on neutrino osclllation knowledge.. .

no conclusive sign of
any extension so farll

(inconsistencies vs uncertainties)

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

(now)

today =2030
best knowledge olobal | foreseen  dominant source
02 SKeSNO | 23 % <1.0% JUNO reactor
0,3 NOVA+T2Kl 2.0 % few 71

CIE DYB+DC+RENOl 1.5 % 1.5 % reactor

+0m? KamLAND 2.3 % <|.0% reactor
|Am2| PHEDOAS 13 % <1.0% reactor & beam
W EURI G unknown| SKetal | NO@ ~30 @50 reactor@beam
CPV unknown 32m @ <20 DUNE®HK®ALL | reactor®beam

(reactor-beam)

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

ORCA®PINGUaIceCube complementary for Mass Orderineg & Am?2 measurements

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



main flagship v experiments...
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major iImprovements everywhere, except & maybe !

enough?

2 accelerator experiments & — redundancy
&
I reactor experiment —
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; SM's leptonic mixin%sector (PMNS)...
Uel UeQ UeS /
(U,ul U,u2 Uu3)< Ve

UT]_ U7'2 UT3

consider full matrix structure
(not just composition)

why shape? Usx3 unitary?

*large mixing but a small one! [assumed!!, not demonstrated]
*largest CP-violation (5M)

any symmetry behind? [or Nature’s capricel]

(BESM) any relation to CKM?

natael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



standard (SM) weutyrivios oscillations:
e what's the PMNS “telling us”?
=0, swallest but why so small?

=05 \argest but octant vesolution?

-0, k:gkesJo evey precision [JUNO]: so what's vex+?

—vew 0,7 if so mixing definitions may be biased|

— entovced unitarity may be wcovvect

e Solay PP & CNO: Suw tull astrophysics! (8B: +iny fraction)

e synergies: even wmove out of JUNO+HyperiK+DUNE?
— cvosscheck JUNO? — !

SuperChoozs ikigai. ..



weutrivos to probe BSM: “discovery tervitory’
e niew V\BU'E‘('?V\O(S)’ wtevraction(s) and/ov ?(r\e\novmewo\og\j?
—pvobe unitarity violation/conservation [must: @ <I% ]

—mapping the solar’ s “upturn’?

o PYrobe fundamental symimetyies — alll

—pvobe bavvyondf violation/conservation?

= proton decayl — all decay mechanism(s)!

o (Foresight) link(s) between PMNS and ClKM?

SuperChoozs ikigai. ..
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the new opportunity. ..
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in the middle of central Europe (between France-Belgium): Chooz [meeting point with Germany, Luxembourg, Netherlands]
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les Ardennes

(France-Belgium)

turope’s most powerful reactor site...

3rd generation of reactor neutrino experiments (@
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once upon a time, In the 60s...

| Anatael Cabrera CNRS-IN2P3 / I|CLab (Orsay) - LNCA (Chooz) Laboratories
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Chooz-A tor science!
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(umque site in France-Bel |um / Europe / World)
o -~ : }7/

lreactor cavern

Q 7

\
fuel-pool caver;l =

construction caverns [ 1962-196/]

|3
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SuperChooz cavern is bullt (607%)...

Super Chooz?|
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historical oEpoi'tunitY!! one of the Iargest underground laboratories in Europe — built!!

S

{in‘ EDF leadership looking forward to SuperChooz

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


https://www.linkedin.com/posts/cedric-lewandowski_superchooz-daeztecteurs-neutrinos-activity-7178116940240965633-JpsJ?

SuperChooz Signature September 2022 — CNRS-EDF

SuperChooz
@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.

+follow SuperChooz (Tweeter)

SuperChooz Pathfinder starts...

|5 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



SuperChooz exp

the Ardennes mountains

|16

European
Innovation
Council

Ultra Near Detec
*LiquidO technology
*Mass: <5 tons
*Overburde
*Baseline:

Super Far Detector @ Chooz-A

*LiquidO technology
*Mass: ~ 10,000 tons
*Overburden: <100m
*Baseline: ~ [ km

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

UK Research
and Innovation

CLOUD
The first reactor antineutrino experiment.
using the novel LiquidO detection technology

Diana Navas Nicolas

On behalf of the CLOUD coll mvz‘v I —
id I ]
20 July 2024 i = _

the Meuse river

erimental setup...




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

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



Sanford Lab
Homestake
DUSELUPhysics
DUSELUBGE
Gran Sasso
Canfranc

| Frejus/Modane
Pyhasalmi
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North America Europe

overburden <100m rock (or <300 mwe

orld underground volume. ..
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experimental demonstration...

L1 qu i b

new technology — the breakthrough

LiquidO: Neutrino Detection and
Imaging in Opaque Media

Stefan Schoppmann. for th L

(he/him/his)

Johannes Gutenberg-Universitat Ma'i

427 International Conference on High Energy Physics - ICHEP

18 July 2024

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



experimental demonstration...

A

de facto SuperChooz’s demonstrator project
(independent project: iInnovation & physics)

CLOUD
The first reactor antineutrino experiment
using the novel LiquidQ detection technology

Diana Nayas Nicolas
On behalf of the CLOUD collaberation

i Hich Eneray Phusios

European UK Research

Innovation .
Council and Innova

project: “AntiMatter-OTech”

first LiquidO-based experiment. ..

CLOUD = "“Chooz LiquidO Ultranear Detector”
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scientific programme (SO far)

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



SuperChooz rates.

Antineutrino Reactor (@/|.1km):
¢ = 6 veday-!*ton'! [ DC-FD]
sxear-' [~10kton]

*LiquidO technology
*Mass: <5 tons

*LiquidO technology
*Mass: ~ 10,000 tons

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

22

&
Ultra Near Detectors @ Chooz-B:

*Overburden s
*Baseline: <30m

Super Far Detector @ Chooz-A

10 years exposure

Antineutrino Reactor (@20m):
¢ = 16k veday-'*ton-! [ DC-ND—-CLOUD]
OM veyear-'[~2ton]

the Meuse river

CLOUD
The first reactor antineutrino experiment
using the novel LiquidQ detection technology

Diana Nayas Nicolas
On behalf of the CLOUD collaberation

20 July 2024

’;"‘VEHED2024 ®
= g, DPAGUE ~~~~~
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physms I: reactor neutrinos...

Anatael Cabrera (CNRS-INZP3) — [[CLab T Université Paris-Saclay (Orsay)




overall B13®Am?(ee) sensitivity...

Output Am?2, unc. sin® 263 unc.
<0.0% <0.0%

! .............................. !. ................................... ! .................................... 1 .................................... !,

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

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)




s Super Chooz potential under investigation. ..

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

1 ) NI
PRELIMINARY

0.75

0.5

Sil’l2 923

Reactor-613

0.25F—Current

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

synergy: SC 013 may help — critical?! — 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

natael Cabrera (CNROINZPS) =
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Indium’s 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' background model] *Light level: 2100PE/MeV (thershold: 0.|MeV)

27 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. ..

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




neutrino oscillation transition.

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

10 kton (10% ®In Ioadlng) x 10 years @ 100 PE/MeV on 0,2

SOLD LELEE-T LY ST - TT- CACCLCR O CCRCR DR CCLCREE EERCRCCRERCLEE: ERCECCRCRT SECRERE, - IRCRCYSEREL EEEE- S0 ERE ERCITCLERCERITIND

+ SNO constral t

0.8 e P .......
: - BG IessZZOSMeV e BE

o 7 Ranasnnsnasnnnnnnncannsns RN AR e a ol s 00030000 S000Te00S00so O anNooOoo0o

"o S - ..... ..... : R
T o5 Frm e SGiiE [EE s "measure 012 & 3m?

"y 0.4 --------- ------------- »»»»»»»» » i " Sy

: : : S : . . PP direct Comparison with [SOS%]
0.3 ¥ """"" . R S — CPT violation?
T E B : A R ¥ (neutrino vs anti-neutrino)

o 2 ................................ MNE BRI B H MM OME » O AR N b . > &
b : s s - 4 - : : : . : = = = =

0.1 ' """"" """""" """" MSW Transition """""""
' S T sensitive to BSM (NS| etc) [

1 10
Neutrino Energy [MeV]

0.0 vacuum regim

MSW regime
107

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

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



. 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-013
= 0.5
=
N
- PRELIMINARY
95% CL (dashed) Super Chooz (solar V)
99% CL (solid) Reactor-813
0

Super Chooz: the smallest but powerful...

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



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. ..

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



33

status on neutrino osclllation knowledge.. .

impact the full SM picture (3 families) [new synergies]

explore consistency/completeness— BSM discovery?

today | >2030
best knowledge olobal  foreseen dominant source
012 3.0 % SK@SNO 2.3 % <0.5% JUNO®SC reactor®@solar
0,3 509% NOvA+T2K 2.0 % <1.0%? | DUNEeHK®SC beam®reactor
CTE .8 %  pre+DC+RENO |5 % <0.5% SC reactor
+dm? 25%  KamLAND 23 % <0.5% JUNOeSC reactor@solar

R\ <0.5% |JUNOeDUNEeHKeSC reactor@beam

|Am2| 3.0 % T2K+NOVA & | 3%

ERR I AT unknown SKetal NMO @ <30

@50 | JUNO@DUNEeHK reactor®beam

CP violation? T2K+NOvA 32m@<20| @50? DUNE®HK [SC]  beam®reactor

CPT violation?

Unitarity RIGIETEELY
Baryon# RLEELLH

<1%? SC reactor®solar
<1%? SC reactor®solar
. |juNOeDUNEeHKesC

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, thanks...
AM-0OTech consortia, merci...
CLOUD collaboration, oErEL|CE. .
and SuperChooz team. Dekuiji
HIDED...
danke...
obrigado...
cnacubi...
grazie...
TS .
hvala...
gracias...

UPERCHO®O

new potential flagship neutrino project based in Europe [>2032]?
(once JUNO®HyperK®DUNE are running)

‘ new detector [LiquidO] ® new site [Chooz-A] ® new physics?!

HEP 2954 | PRAGLE |

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

anatael@in2p3.fr 34 B =0 (CINRS-IN2P3)— lIClab / Université Paris-Saclay (Orsay)
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Eiroeti

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 P
(July 2019 @

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

European
Innovation
Council

e
2 ?&' A R Seminar @ CERN Cn rS
. 4 ——
¢
b a‘y Anatael Cabrera Anatael Cabrera ~

S S CNRS/IN2P3 & "» Iréne JOIIOt Curie I|CLab (Orsay) e D F

R LAL@Orsay & 1 umversrte Université¢ CNIRS / Université Paris-Saclay ‘

b e LNCA@Chooz A » ol S U ‘

https://indico.cern.ch/event/577856/contributions/3421609/

https://zenodo.org/doi/10.5281/zenodo.7504161

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

https://liquido.ijclab.in2p3.f

exploring since 2018

35
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https://indico.cern.ch/event/1215214/
https://indico.ijclab.in2p3.fr/event/7663/
https://indico.cern.ch/event/577856/contributions/3421609/
https://liquido.ijclab.in2p3.fr/
https://liquido.ijclab.in2p3.fr/
https://zenodo.org/doi/10.5281/zenodo.7504161
https://indico.ijclab.in2p3.fr/event/7663/

“Neutrino Telescope” conference — October 2023

al Workshop on Neutrino Telescopes

ropean
novgtion ; UK Research
and Innovation

L @ U ) Z

experiment’s first release

“Neutrino Telescopes” Conference
25 October 2023 — Venezia (ltalia)

NC

kes| 3
Iréne Joliot-Curie - Anatael Cabrera (CO)SPSOupr:g:goz
O XN LiquidO
R = [ e scmncas W Université JCLab / LNCA - Univensité Paris-Saclay / CNRS +CLOUD — AM-OTech (EIC)
ARIS-SACL/ \Y | D'ORSAY de Paris Orsay, France *SuperChooz Pathfinder

https://zenodo.org/doi/10.5281/zenodo.10049845

first release last fall (2023)...
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https://zenodo.org/records/10049846

