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The origin of this idea: L.A. Mikaelyan —
Neutrino ‘77 conference, Baksan

3¢ I want to talk about the development of the new technique
of the remote reactor diagnostics by the neutrino radiation, Due
to the novelty of the problem the consideration naturally will be
incomplete and limited by two questions only:

- determihation of the reactor power production and in pros-

pect

- determination of the dynamics of the fissing isotopes bur-
ning=-out and accumulation (mainly

The principle promises of the proposed technique seem to be

the remote analysis and fixing the plutonium accumulation immedia-
tely in the place of its production., This technique (if developed

successfully) will be sufficiently important from the point of
view of the control on the leakage of fissing materials and on

the non-proliferation of nuclear weapons, and also for the econo-
llore detail consideration of these

mics of nuclear fuel recycling.
on this conference seems to be irrelevant.

oroblems

Laboratories




neutrino detection technological limitations...
(new methodology— enough?)

huge backgrounds (BG)— overburden (still needed)
(yield major rejection > 10x better?)

(if so) antineutrino’s full power may be further squeezed!
(unique direct fission tracking)

Laboratories
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ereactor core (ON/OFF)
*fuel pools (always OFF)

sexisting reactor instrumentation — synergies
*reactor (thermal) power (first-order level)
*more detailed info (higher-order levels)

ARSEMOSt elements of reactiens .

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

handles for non=proliferation control?

an extra layer of reactor (regular or compromised) info?
(explore further safety?! or running insight!, etc.)

a uniform antineutrino reactor metric?
(each antineutrino = ~6 per fissions)

Laboratories



AntiMatter #Tech

innovation demonstrator: ncutrino-based reactor instrumentation

://antimatter-otech.ijclab.in2p3.fr

preliminary release — some information still embargoed

programme 1N a nutshell. ..



https://antimatter-otech.ijclab.in2p3.fr/
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dustry instrumentation us
_ the first time, antineutrinos, as a direct probe and

UK Research
andirnatation *novel LiquidO technology: e+ PID
=8 gl 2100 (Jow
»statical sensitivity (210,000 IBD/day)
£1.0% per day
50,2% per month

_ |*reactor flux (rate@shape) complementary monitoring
reactor-ON: industry & JAEA (Plutonium production)
reactor-OFF: IAEA & acciden! scenario (e.g. Fukushima)

= Vas CLOUD @ICHEP2024: D, Nicolas

» \& ’ SuperChooz @ICHEP2024: A. Cabrera

y 2 LiquidO @ICHEP2024: 8. Schoppmann
= :

First LiquidO bosed detactor

https://ichep2024.org/#
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Technological Spin-offs and Industrial Applications
Maxim Titov (CEA Saclay, Irfu, France)

4274 INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS (ICHEP2024)
Prague, Czech Republic, July 18-24, 2024

the first time, antineutrinos, as a direct probe and non-intrusive §
probe into the functioning of industrial nuclear reactors.
- i CTELT TR T

Novel Detector Design
snovel LiquidO
-

£1.0% per day
£0.2% per month

@M innovation & Fundamental Physics
|-reactor flux
ctor-ON: i & IAEA (Plutonis uctior
CLOUD @ICHEP2024: D. Nicolas e e )
SuperChooz @ICHEP2024: A. Cabrera
LiquidO @ICHEP2024: S. Schoppmann

First LiquidO-based detector

https://indico.cern.ch/event/ 1291157/

first mention @ ICHEP-2024



AntiMatter #Tech

| sinnovation project — funded EU-EIC®UKRI to demonstrate industrial potential

2-neutrino experiment on fundamental science (called CLOUD) — discoveries?

3edemonstrator of SuperChooz (exploration) — fundamental physics flagship project Europe?

B
Drogramme’s synergies. ..




in the Western Europe (between France-Belgium): Chooz [close to Germany, Luxembourg, Netherlands]
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Curope’s powerful reactor site. ..

opens the 3rd generation of reactor neutrino experiments @



AntiMatter-OTech’s view...

reactor monitoring 3 :
innovation

o

|

the Ardennes mountains

antineutrino (neutrino?): ~102! v/s per core

the Meuse river

experimental setup...

*Detector Mass: ~[5,10] ton — LiquidO technology . .
«Overburden-~3 mwe most projects (so far) focus on the neutrino
*Baseline: >30 m (Ultra Near Detector site @ Chooz) = the reactor may even be “nuisance

*Rate: ~25,000 anti-v per day — ~10M anti-v per year

004

\

Chooz-B: Nuclear Reactor Cores

- understanding reactors. ..

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




understanding the reactor = understanding its antineutrino absolute flux (ON/OFF) — complex!

AntiMatter 8 Tech

confronting absolute flux challenge. ..

cextreme signal (and low BG) rates

*(must) the best-known neutrino cross-section(s) (</%)

*extreme energy control (</%)— avoid spectral distortions (biases)

*redundancy — if lucky (as much as Nature and technology allows)
*issue: the unknown! = new neutrino physics’ (biases)

reactor's absolute flux knowledge. ..



absolute antineutrino flux challenge...
~extreme control of everything — no cancellations (multi-detector, etc.)
*new physics (if any) may manifest everywhere. ..

@production: 5 decay (weak-interaction) & nuclear physics, etc.
@propagation: standard neutrino oscillations (8;3®Amee?), etc.

@detection: interactions on proton (i.e. IBD) — the lifetime of neutron (1)

New physics Impact: reactor bias

|2
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<201 I: reactors were thought to be understood to =3% [ILL®Bugey3®Bugey4|

no conclusive sigh of ~1eV2 sterile neutrino— only reactor effects

=201 2: reactors knowledge questioned (now: =6%?)— what’s the uncertainty?
= experiments (B3 @ sterile) & better predictions (nuclear data, etc.)

AntiMatter #¥Tech

warning! new physics (unknown) may change the reactor’s observables
[must watch= unitarity violation searches]

(example) sterile neutrino

|13



most experiments are consistent(ish) — except
-

ABSOLUTE FLUX: the future of reactor-antineutrino physms

: - —=&— ND Data / Model ratio
Double Chooz \" Empirical Fit :
; : : Model Systematlcs . L= ' RENO 2016 (Mod|ﬁed Average R = 1)

x 2 | dof: 21 2 / 21 (prob: 44 6%)

eactor Prediction Model 16 Uncertainty :

NEOS 2016 (Modlf!ed Average R=1)
: Daya Bay 2016 §
 Double Chooz IV:ND

Data (ND) to MC Prediction Ratio
Data / MC (Shape-Only)

Visible Energy (MeV) Visible Energy (MeV)

solve these issues— the reward the a) better reactor & b) new physics (if any)
(ideally, prediction should noet use neutrino input)

understand absolute flux <|196?

|4




..

much of world’s neutrino knowledge is reactor-driven [including JUNO]

(012, 013, 023, +0mM2, £Am?2 0cp) — if PMNS unitary

[SuperChooz: design to synergetically push 823=0ctant and dcp knowledge]

https://zenodo.org/record/7504162

AntiMatter 8 Tech

[e.g.] even today’s Ocp info arises the combination of reactors®accelerators

reactors: unigue research tool...

|5


http://www.apple.com/uk
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NEOS-II data (rate <2000 IBD per day)
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iMatter #FTech

field’s historical progress: 2010-2020

“brewed” the next generation!

AntiMatterOTech byproduct of DoubleChooz (byproduct of CHOOZ)

reactor iInformation so far...
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a marking moment in our lifetimes: the Fukushima crisis

Japan’s Nuclear Power Plants Tomari (Hokkaido)
(As of March 2021) Gz

Oma (J-Power)
Kashiwazaki-Kariwa (TEPCO)

[1l2ls]als|fellz

Shlmane (Chugoku)

|gash|dor|
Shika (Hokuriku) (TEPCO)
ﬁ(z b
Tsuruga (JAPC)
55\ 2
Oi (Karg /
A
FEY T —\

Higashidori
(T6hoku)
]
Onagawa
(Tohoku)

Fukushima Daiichi
(TEPCO)

Fukushima Daini
(TEPCO)

—

Tokai / Tokai Daini
2‘ > ﬁ (JAPC)
Takahama (Kansai) X@

A //
Genkai (Kyashu)
O ||

Sendal (Kyasha) /

Il@ta (Shikoku)

Created by Nippon.com based on power company reference materials.
Tokai and reactors 1 and 2 of Hamaoka, which were all set to be
decommissioned prior to the 2011 Great East Japan Earthquake, are
included in the map.

Hamaoka (Chubu)

RG]

Mihama (Kansal)

Output

) Under 500,000 KW

ﬁ Under 1 million kW

@ Over 1 million kW

Resumed operation
@ (incl. reactors offline for
routine inspections)

Meets new standards
@ Under construction

>< To be decommissioned

could OFF=anti-neutrino data be helpful here?

Fukushima: do even more!



Imaging Fukushima Daiichi reactors with
muons

Cite as: AIP Advances 3, 052133 (2013); S 1 4
Submitted: 11 February 2013 . Accepted: 17 May 2013 . Published Online: 24 May 2013

Haruo Miyadera, Konstantin N. Borozdin, Steve J. Greene, Zarija Lukié, Koji Masuda, Edward C. Milner,
Christopher L. Morris, and John O. Perry

¢ S ®

AIP Advances

ARTICLES YOU MAY BE INTERESTED IN

b

L

Journal of Applied Physics 113, 184909 (2013);

Applied Physics Letters 104, 024110 (2014);

Review of Scientific Instruments 74, 4294 (2003); h

o YRR R S

H tomography...

Muon

*no fissile tracking :-(

*density map [~months]

*compromised geometry— limitation
[I.e. after accident]

could OFF=-antineutrino detection be helpful here!
(fission tracker@geometry independent)

open challenge: post-accident Ins

|8
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could OFF=-anti-neutrino data be helpful here?

direct fuel monrtoring?

19
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AntiMatter #Tech

a hew way into reactor antineutrino detection

the project & methodology. ..

20
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Ichooz-B Power Station

; LNCA-HaII CNRS
+facility: EDF CNPE °§:a':';e$e';:;‘:' A

*location: Chooz (France)
*reactor cores: 2x PWR AREVA-N4
*thermal power: 8.4GW (total)

due to global warm— more frequent reactor~OFF (2022: several months)

Double Chooz

curope’s best reactor-V site... ™"

21 Anatael Cabrera CNRS-IN2P3 /' l|CLab (Orsay) - LNCA (Chooz) Laboratories




Water Pool [20,40]cm thick IGLOO [~3mwe]
concrete bunker (with boron?)
*DC’s iron steel shield (15cm thick)

* 471 shield & neutron moderator
e controllable thermal-bath

LiquidO-Tracker (or innerdetector) [=10tons fiducial]

*opaque scintillator — new formulation(s)
*~10,000 fibres®SiPM readout channels

*designed light level: 2200pe/MeV

the detector...

22

Redundant “surface neutron” layers...
*IGLOO (absorption) — passive
*Water (moderator®absorption) — passive
* Armour (veto®moderator@absorption) — OD
*Tracker (PID®moderator) — ID

- e ——
e —
I

: Il\,- !
ID Physics Volume: [5,|O]tons ]

ARMOUR (or outer-detector) [~0.5m thickness]
etransparent scintillator (LAB®PPO ®Bis-MSB)
*<|180 DC-PMT;s & highly reflecting walls
*designed light yield 2400pe/MeV

experimental setup...
*Detector Mass: ~[5,10] ton — LiquidO technology
*Overburden: ~3 mwe
*Baseline: 230 m (Ultra Near Detector site @ Chooz)
*Rate: ~25,000 anti-v per day — ~10M anti-v per year




desigh under review

he Inner detector (the core)




DRD2@CERN WORKSHOP

Anatael Cabrera (CNRS / Université Paris-Saclay - IJCLab@Orsay / LNCA@Chooz)

ploneering opaque scintillation. ..


https://doi.org/10.5281/zenodo.10629927

@ ***
*

*
ovation SO
Council X

ance, Germany, Portugal, Spain, UK with tight links to Canada

approved extra ~1M€ — LiquidO specialised technology <

*new (opaque) scintillator formulation(s) [ *photo-chemistry]
AntiMatter @ Tech

enew (transparent) wave-shifting/scintillating fibres [ = indust

soutcome: technology beyond LiquidO only scope

more light! novel opague scintillations

25



European
Innovation
Council

UK Researc
and Innova

AntiMatterOTech International

*EDF (France) — first time
*CIEMAT (Spain)

*1JCLab / Université Pz
-Johannes Gutenberg
*Subatech / Nantes U
*University of Sussex

dination EU-EIC:
Lab / Université Paris-Saclay (France)
atech / Nantes Université (France)

yrdination UKRI:

ssex University (UK)
AntiMatter @Tech

Joining...
*Imperial College Londc
*Instituto Superior Téc
*LIP* (Portugal)

*Queen’s University (Canada)
*Rutherford Appleton Laborz

imatter-otech.ijclab.in2p3.fr/

*Laboratory of Instrumentation and Experimental Pz

the consortium...

26


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

AntiMatterOTech is powered by...

BRNCEVENINE

(secretly) also a byproduct of Double Chooz

27
Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



: inverse-3 decay (IBD) interaction...

IBD: anti-Ve. +—> et + n

IBD detection art...

n-capture n-H (native)
(ﬁ!elay) n-C (native oil)
R n-0? (native water)

anti-ve n-Cd (non-native)

(reactor) | n-Li (non-native)

(0.51 1keV)

(prompt) n-Gd (non-native)

coincidence 3He (non-native)

note: H = proton (oils or water) scale O(S))

no e+ PID mplies
Y ~ e-~ et = O = p-recoil (fast-n)

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



dented MeV i | 1D)
unprecedente eV imaging (ID)

reduce overburden/shielding

~2MeV

background background

transparent transparent transparent
(washed outzinfo) %' (washed out:ifoy= | 0cm . (washed out info

LiquidO: stochastic confinement— \O segmentation

~ ° i - 29
IMeV: reactor, geoneutrino, solar, PR decay, etc Anatael Cabrera (CNRS-IN2P3) — [|CLab / Université Paris-Saclay (Orsay)



e+ PID: mainly an annihilation pattern (i.e. negligible kinetic energy)




antimatter ID (LiquidO technology)

S
UND (realistic monitoring site: ~30m baseline)
@
Chooz (DoubleChooz's knowledge)
@

EDF (tightest link to reactor) — unprecedented

antimatter’s ID is not explorted since Reines et al. (neutrino discovery)

the (new) methodology. ..

31



BG rejection >3x better than DC-ND — LiquidO
(~10x less overbuden and less shielding)

high efficiency signal (UND: >|0,000 IBDs per day)

non=intrusive reactor antineutrino detection on surface
(almost no overburden)

goal: address Industrial’s & IAEA’s agenda — in full?
(also reactor instrumentation synergies & correlations)

ID strategy is the first step...

the main goals...

32
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Reines et al ‘50s
(neutrino discovery)

CC:0,+p e +n
(t = 220us for only H®&C)

anti-matter

(anti)neutrino discovery [T, & Amp-n]

NO doping— possible later




active BG rejection and control. ..

at nght place@otime®energy®PID — several orders of magnitude

uncorrelated ated
(radiogenic) : m (COSMOZENIC) m DOUbleChOOZ

nature

e
physics iy

................................. ’ Focfacanosy N\t , Y .

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

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

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

Relative Fraction

quuldO’s Vertex : : p amwE SRR
Acc¢ 1dental ackground Onl
\a xO x0
é 40 A42’» 4
N A\ )

qume’s PID

I\ /I extra ~10- 2reect|on’. ! :

combinatory-BG (knocked by ~3 orders of magnitude) but cosmogenic-BG are rather immune
34
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Reines et al ‘50s
(neutrino discovery)

CC:i,+p—le’+n
(t = 220us for only H®&C)

(anti)neutrino discovery [T, & Amp-n]

No-oscillatted MC
33555 Accidentals
o] oL

~~1 Fast Neutrons

1 IllIlII

DC-ND now |

........................... quuldO’ |mpact’

1 1 IIIIIII

Events / 0.25 MeV

ArrtiMattefOTechg '9/ lO an@UND
LDC'NQ@qudQ] 000
5 10 15 20

isible Enerav (Me

better e+ position (féw mm) excellent e+ calorimetry (=1%)

10tk

prompt: e+ 1D & calorimetry.

35




%

(neutrino discovery)

Reines et al ‘50s

CC

_|_
c TP e +fn

(t = 220us for only H®&C)

(anti)neutrino discovery [T, & Amp-r]

energetic

H-n— mono
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(Raw)
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metry...

D ana calon

delayed
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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‘.-' ' ~90% light s5cm @1.8MeV

Hits per fibre

I. 1 10100 800

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

Neutrino physics with an opaque detector

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

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


https://arxiv.org/abs/2503.02541

WANTED B

«DEAD on ALIVE~

PID is critical

‘prompt (e+)

?Li or 8He— cosmogenic (decay B-) [prompt]
| 12B — cosmogenic (decay B-) [prompt & delayed]
Ifast-neutrons — cosmogenic [prompt & delayed]

kill cosmogenics! | Nl EEu— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 13- — radiogenic (other cosmogenics) [prompt & delayed]

(“correlated” immunity)

delayed (Y)

also handles for...
Yy — radiogenic rejected by coincidence

I2ZNli — cosmogenic (decay B+)
¢ — cosmogenic (decay B+)

worst BGs: one topology.

38



(no p saturation) light confined locally (MIP=2.2MeV/cm)— stunning mm-tracking

T
(3 high duty cycle
> 40

Opaque Scintillator
30 Paqg

20

discrete interactions i'
(O-rays, neutrons, etc.)

Estimated number of Photons

L]
2 144 176 20.8 24.0
X [mm]

cosmogenic’s parent J (seen by detector)

30 40 50

X [cm]

high precision muon-tracking (<I/mm) is critical: correlation to the previous muons!

nign-precision -tracking. ..

39



LiquidO enables cosmogenics to be heavily rejected!
(immune to the IBD’s correlation)

potential reductlon of overburden (—surface?)

T
b~ ,u" 15
R -1. - u"
P ; y
= " | 5
I

.‘
8He (cosmogenic)

—/__"_’%-:.
B

‘ [3 (rad|ogen|c)

I

(design) a cosmogenics’ hoover.

40

fast- neutr'ons (cosmogemc)
: .-va J"\-J :



AntiMatter #¥Tech

SuperChooz’s antineutrino golden channel demonstration — byproduct

antineutrino CC (redundancy?)...

4]



bnysics programme: IBD@P . ..

e IBD@p (anti-v CC): interaction per day for 10tons ID [=3M interactions per year]

® LiquidO reach a regime — improve 23X today's BG control (ex. DC-ND)
® Sighal(ON)-to-BG =100 — unprecedented high precision reactor characterisation

® dominant & accurate
® Sighal(OFF)-to-BG =l — unprecedented reactor-fuel monitoring

® accurate monitoring of — some Interesting physics

® unique test-bench data for accurate prediction — validate uncertainties, too?

o

a t t | nature
' Statistical Uncertainty.
p YSICS Experimental Ulicerttz}llinty

- Total Uncertainty
No-oscillatted MC ;

: Double Chooz IV (ND) <o>= (571 +0.06)x10" cm¥/fission
Accidentals i v
E iy TnC (n-H®n-C®n-Gd) -

D Fast Neutrons

_ DC-ND now Bugey4 <c,> = (5.7:5 + 0.@8)x1iﬂ43cm2/ﬁssion
.".én-.-.-."..-.-.-.“...-.».~.-.'§".~.<.-.-....-.-.-.....-.- Phys.Lett.B338,383(1994) 3He I I' o , ; i

[DiC—N Dx10-1] Daya Bay <c> = (5.91 + 0.:12)x1;0“'3cm2/fission
-nn I-I-I]CII-I-I»I~I-I.E.EI~I<I-I-.III<I-I-I-I.llﬂ.-.- CPC 41.1.013002(2017) n_Gd : : ' :

Events / 0.25 MeV

[DC—N Dx | OZ] 2017 World Average (inécludé:s Bugfey4 & Daya Bay)

S I CPC 41.1.013002(2017) e

10 . 0.9 0.95
Visible Enerc Data to Prediction Ratio

5 precision =0.6%— Unitarity Violation test (if predictions are improved)!



redundancy: Elasitic Scattering...

® eES (anti-v CC®NC): =5,000 interactions per day for 10tons ID [s2M interactions per year]
® interference CC & NC — different for neutrino (easier) and antineutrino (harder)
® measure Ow or use to component
® PDG-2022's sin20w = [0.231,0.239] — running due to SM'’s renormalisation
° : LiquidO isolate “e-like” PID and exploit high-rate reactor modulation
® |ikely strong fiducial volume & higher energies — reduce detected rate drastically

° (250 observation) tolerates much BG but =1 % precision—= higher S/BG?

iMatter #FTech

0.245 RGE Running [ |
s Particle Threshold neutrinos only

Measurements

SLAC-E158

eDIS \\

~20,000 per yar ' \\ [
| (356\/) | Tevatron fsLc *LHC

PDG 2020

>
)
=
0
<
=
2
c
o
>
w

|
L : : |

5 6 7 8
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experiment’s first release

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

(co)spokesperson:

Iréne Joliot-Curie *DoubleChoo:
- [ . Anatael Cabrera o

a oenazuces Université JCLab / LNCA - Univesgité Paris-Saclay / CNRS +CLOUD — AM-OTech (El
P ; |Vers|te | de Paris Orsf%mnce s *SuperChooz Pathﬁnzi.r( =

CLOUD’s programme first released in Oct. 2023

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

beyond AntiMatter-Olech..

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


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

® reactor antineutrino via IBD (on proton) — threshold =1.8MeV
® ON v — since Reines et dl.
® OFF v
® reactor antineutrino®neutrino via elastic scattering (on electrons) — ~thresholdless
® ON v'— poor precision= improve? (tough BGs!l) probing the NC component!
® reactor neutrino via Indium interactions — threshold =0.1 MeV
° s scientific programme (under exploration)
® probe complementary B+/EC contribution — never seen(~ |0-x less than antineutrino)
¢ help predict antineutrino data? [complementary data set]

® reactor antineutrino via IBD (beyond proton): Cu — threshold =1.2MeV
° s scientific programme (under exploration)

® new methodology (proposed by us): arXivi2508.04 [ 54 — being published

® less smooth features [1.0,1.8]MeV by Kopeikin et al. — never seen

¢ help predict antineutrino data? [complementary data set]

after AntiMatterOTlech timeline...

45


https://arxiv.org/abs/2308.04154
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Probing Earth’s Missing Potassium using the Unique

Antimatter Signature of Geoneutrinos

A. Cabrera*>>*, M. Chen'¢, F. Mantovani®>3, A. Serafini®«313«13¢ V, Strati®>3¢, J. Apilluelo'®, L. Asquith’, J.L. Beney",
T.J.C. Bezerra', M. Bongrand", C. Bourgeois™, D. Breton'*, M. Briere'>?, J. Busto'®, A. Cadiou", E. Calvo®, V. Chaumat'>,
E. Chauveau#, B.J. Cattermole’, P. Chimenti’, C. Delafosse'>*, H. de Kerret!?, S. Dusini***, A. Earle', C. Frigerio-Martins?, J.

Galdn'®, J. A. Garcia®®, R. Gazzini'>*, A. Gibson-Foster’, A. Gallas'*®, C. Girard-Carillo®>, W.C. Griffith', F. Haddad", J.

Hartnell!, A. Hourlier'7, G. Hull'**, I. G. Irastorza'®, L. Koch®* P. Laniéce'>+*2¢ J.F. Le Du>*?, C. Lefebvre®, F. Lefevre', F.

| Legrand'>, P. Loaiza'*, J. A. Lock’, G. Luzén®®, J. Maalmi'>, C. Marquet?, M. Martinez'®, B. Mathon'*, L. Ménard'>*?, D.
Navas-Nicolds'>, H. Nunokawa's, J.P. Ochoa-Ricouxs, M. Obolensky?, C. Palomares?, P. Pillot", J.C.C. Porter, M.S.
Pravikoff*, H. Ramarijaona'>, M. Roche#, P. Rosier'>*, B. Roskovec'4, M.L. Sarsa'®, S. Schoppmann®?, W. Shorrock’, L.
Simard*>, H.ThJ. Steiger®»°¢, D. Stocco, J.S. Stutzmann, F. Suekane'®?, A. Tunc®*, M.-A. Verdier'>»'*¢, A. Verdugo®, B.
Viaud", S. M. Wakely®*, A. Weber®>, and F. Yermia"

' Department of Physics and Astronomy, University of Sussex, Brighton, United Kingdom
>*LNCA Underground Laboratory, CNRS, EDF Chooz Nuclear Reactor, Chooz, France
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40K geoneutrino hew methodology — the missing component
Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris-Saclay (Orsay)



https://arxiv.org/abs/2308.04154

SuperChooz exploration...

flagship neutrino oscillation experiment in Europe?

the Ardennes mountains

European " UK Research
and Innovation

Innovation
Council

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

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

«Overburden: <100 Lo
-Baviugg:in//; = https://zenodo.or /record/7504

47 Anatael Cabrera (CNRS-IN2P3) — [|[CLab / Université Paris—S;jcld; (Orsay) )


https://zenodo.org/record/7504162
https://zenodo.org/record/7504162

AntiMatter #Tech

a long story short...
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IAEA | an even vaster future of reactor (anti)neutrinos on surface ahead!

/
AN //
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a A\ /
\ \\ //
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® AntiMatterOTech (likely) very ambitious & fully funded (Europe) for reactor neutrinos

® (coal) demonstrate industrial reactor antineutrino direct fissile monitoring
e complementarity to today’s instrumentation — synergies & correlations
® (byproduct) potential to address much of the FAEA wishlist too — all?

¢ robust design: reactor’s ON / OFF (over their entire lifespan) & compromised cases!

e AntiMatterOTech builds on decades of experience — thanks to LiquidO & Double Chooz (field)
¢ LiquidO's topological information is at the core... (many years of R&D and experience now)

o step #1:e+’s antimatter ID — [building block's demo @ arXiv:2503.02541 ]

¢ step #2: high=-precision y (2.2MeV) detection (ID, calorimetry, etc.) [same as above]
® step #3:sub-mm p-tracking is critical [publication very soon!]

¢ improving (anti)neutrino detection (less cosmogenics) remains open — more ideas!!

new schedule: data by 2028

the main points...
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https://arxiv.org/abs/2503.02541

ORCID: 0000-0001-5713-3347
anatael@in2p3.ir

questions?
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AntiMatter #Tech

thanks...

danke...
NSLICE. ..

merci...

HYIDED...

obrigado...
cnacubi. ..
grazie...
. .
hvala...
gracias...
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