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Science Case

Why NUCLEUS ?



D. Z. Freedman (1974)
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Cross-section [107%% cm

Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)

» Neutral current, flavor blind process

» (Goherent interaction over a nucleus as a whole
® N2-enhancement of the cross-section
® No kinematic threshold
® Experimental signature = low-energy nuclear recoll
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f"é Electroweak physics and BSM searches at low ener
'» New probe for nuclear matter

» Miniaturization of detectors: many potential applications
| ® Nuclear reactor safeguarding
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CEVNS Detection: Experimental Challenges

> Low-energy “controllable™ neutrino source (coherent regime)

Complementary !
Source flux I
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CEVNS Detection: Experimental Challenges

2 Ultra low energy threshold detectors Conventional detection techniques

Si CCDs
v,V - COVNie
ﬂ
/
Nuclear Dual phase noble liquid TPC Liquid & crystal scintillators
ZO recoil ’
_,

Heat

Secondary
recoils

» Fundamentally limited: energy required to create a light/
charge quantum ~ O(10 eV)) = O(1 keV) thresholds
2z Quenching characterization issues at low recoils ! 6

| Scintillation |




Phonon-Mediated Detectors

Neutron-transmutation Superconducting transition
Thermal sensor doped sensor (NTD) edge sensor (TES)
Crsta r—*—\ RIC®CHET r —\ . u/,:' leus
rysta | e
absorber C(T) - <)
. N/ - -

WMINICIR
Kinetic inductance

detector (KID)
) 4 .. !
Weak thermal ”
ink G 1' [ I _I— L [
Particle EULLKID d L
interaction AE A = !
~10 mK

> \ery low-threshold, high energy resolution, etc.
2 But very slow (> 10-100 ps decay time)
2 Cryogenics highly constraining and challenging

O(100 eV) thresholds achieved with O(10 g) detectors => very relevant for CEVNS at reactors |




TES-based Cryogenic Detectors

TES sensor

Crystal
absorber C(T)

J

Particle /
interaction AE /

~10 mK

TES transition curve Simplified TES response
_ i 1.0
% Normal-conducting
S e A= AE uK-scale temperature rise
3 E C
'% ‘5‘0.6
o =
50.4-
Operating qE)
point = a5
Superconducting
| > 0.0
T. Temperature [mK] -0.002 0.000 0.002 0004 0006 0008 0.010
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Weak thermal
ink G

2z Absorber mass set to gram scale =» gain in energy
threshold & time response

2z Unprecedented < 20 eV thresholds routinely achieved

z Insensitive to quenching effects !




| ow-Energy Excess (LEE)

CEVNS at reactors

> Exponential rise of event rate close to threshold = severely affects searches for low-mass DM and

> Unknown origin, likely linked to solid-state physics phenomena upon thermal cycles of detectors:

@ External mechanical stress effects at crystal-holder and crystal-TES film interfaces
® Relaxation of internal stress energy: rearrangement of crystalline defects such as dislocations

Event Rate (Counts / kg / day / keV)

[ EE close to threshold in several cryogenic detection experiments
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Active R&D in the cryogenic detector community
(see, e.g., EXCESS workshop series)

e Not particle-related & non-ionizing
® Not scaling with mass *?
® [Ime-dependent decay


https://www.scipost.org/10.21468/SciPostPhysProc.9.001?acad_field_slug=all
https://indico.global/event/11025/

Very Near Site (VNS |
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The NUCLEUS Experiment

Overview and Status
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A highly sophisticated (cryogenic) design...

[ .

Experimental setup

Cryostat

- ] External

e \ - | g amma
shield

(lead)

External
neutron
shield (poly-
ethylene)

Muon veto

Cryostat
volume

2 Cryogen-free dry dilution
refrigerator (DDR)
2 Vibration decoupling system (VDS)

2 External active & passive shieldings

Cryostat volume (10 mK)

Copper support & thermalization structure

Cold muon veto

Internal gamma
shield (lead)

Internal neutron
shield (poly-
ethylene)

Vessels (Al or Cu)

Cryogenic
outer veto
(germanium)

Inner detector
modules

Cryogenic neutron shield
(boron carbide)

2 Cryogenic passive & active shields

2z TES-based cryogenic detectors

TES-based cryogenic detectors

Upper module (CaWO,) Support structure

(silicon)

Inner veto
beaker
(silicon)

Inner veto
wafer (silicon)

3 x 3 target
detector array

Lower module (ALO,)

2 CaWOs4 (6.8 g) & Al2O3 (4.5 g)

arrays as v detectors

2 Instrumented holder (inner veto)

to mitigate LEE »



Project Timeline & Contributions from CEA/Irfu DIS

2018
Pre-project phase

S o000
y & Preliminary background measurements
of NUCLEUS Cp :
2 Crude sensitivity estimates
2 Formation of collaboration & funding requests
:_'; CEvNS Rol Very Near Site :
- CaWwo, |
210005— = AlLO;
= L Background index goal f
105- \\\\\
Collaboration steering \ NN
. 1 10 100 1000

lechnical coordination

2 |dentification of Very Near Site

Recoil energy [eV]

Surface u measurements (2018)

- [ERPJC 2019]
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DPhP

Project Timeline & Contributions from CEA/Irfu DPAN
DEDIP
Pre-study phase —xperimental site preparation . bs
T 2020
Design of shielding strategy + particle background modeling
Official start _ Conception &
of NUCLEUS * "\._ development e Delivery of external shielding + p veto

CEVNS-grade operations of
single gram-scale detector * N, 20273

External shields
commissioned

o

VNS ready

Collaboration steering
lechnical coordination

® Development of cryogenic outer veto (COV) & B4C cryogenic shield
VNS ready

COV and B4C developments

Shielding delivered in

Muon veto

KETEK Si-PM

[JINST 2022
R. Rogly (PhD. 2022)

R e e 18

Light-tight Al casing



https://hal.science/tel-03870570/

Particle Background Modeling

DPhP
DIS

— ——

2 On-site background characterization campaigns (ambient gammas, cosmic ray-induced neutrons & muons)

2 Full Geant4 shielding design optimization

z Comprehensive modeling of particle backgrounds

C. Goupy (PhD, 2024)
[EPJC 20264]

SesustmmuetEROT

Breakdown of particle background

L Expected S/B = 1 in CEVNS Rol
contributions

10 - """ CEVNS (30%) | Syst. uncertainties -
i ~ —+ No shielding Total uncertainties
—}— NUCLEUS shielding (stat.)

Total
| CaWO4 B Atmospheric neutrons
B Ambient gammas
| Atmospheric muons
B Material radioactivity

N
o
o

150

. 6 GeanT4

Differential rate [d”" kg’ keV]
Differential rate [d~*kg~tkeV~!]

1 00 103
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Multi-layered (and sophisticated)
passive and active design
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https://theses.hal.science/tel-05298505

Cryogenic Outer Veto (COV) Support from 1JGLab)

T— —

L Prototyping work: Li2WO4 bolometer sandwiched between two HPGe
2 Concept & proof-of-principle

2 Crystal procurement & preparation

2 Integration work in NUCLEUS cryostat at TUM

First integration of COV in NUCLEUS’ cryostat at TUM (2023)
EDELWEISS-style ionization readout

Feedthrough box

« —— -

e e e 4 Full data-MC comparison validating particle surface
| * 0% | background modeling

Data

~— Atmospheric muons
~—— Environmental gammas
Atmospheric neutrons
Total

- -t -l

—
o

| i a TPV | S s
L T *ﬁlﬂ-ww*’w’w""‘*“**"w«‘*fmfu.
Iy

- it

Differential Rate (.d"'.kg"'.keV")

4 K plate

Electronics GE bias | ’ I ———
ooy | (o] (oma) e = £
2 of 3 of
E-soi— - ;:g—soi—-
;;;; B e o e T MR S e R ) 1 2 3 4 5 6
MXC stage Reconstructed energy [MeVee] Reconstructed energy [MeVee]
(~ 10 mK)
[Acquisition computerj B I\/Iauri (PhD, 2022)
INIM A 2024]
C. Goupy (PhD, 2024) 15



https://theses.hal.science/tel-03940549
https://theses.hal.science/tel-05298505

DPhP

Project Timeline & Contributions from CEA/Irfu DPhN

DEDIP
_ 2018 b H | |
re-study phase > Preparation & execution of the Long Background Run (LBR)
™. 2020
I Conception & 2 Detector calibration, time & energy response studies
f NUCLEUS \ : : : : : : :
’ * N development 2 Analysis & simulation of data, first validation of particle backgrounds
CEVINS-grade operations of 2 First characterization of LEE
single gram-scale detector * 2023
| N - [PRL 2023]
External shields First COmMmISSIoning | [‘J LIP 20251",. _
commissioned at TUM
* N L ow-energy X-ray source Demonstration of direct nuclear
* N \ calibration recoil calibration (CRAB)
| Cryogenic 2025 _ :
VNS ready infrastructure ready 2000| 45 — Data
| 40{ —— Full model
ool . 35@[ — — Model w/o n-capture events
> = |
:
Collaboration steering
Techn/ga/ cooro"/naif/on | | a O; B e é}%ﬁj e
A [1a /yS IS COOl C/ [1Na t[ O SSESSSES S S S S S D SesS 100 150 200 250 300

Reconstructed Energy [eV] Energy E (eV)

Run coordination 16



FIrst

DPhP

Commissioning at TUM SPEN

cryogenic spring
pendulum

internal shielding

muon veto

lead
polyethylene

detector box ------

HPGe veto crystal

double-TES Al O,

single-TES CaWO,

§ — _

Long Background Run (2024)

setup commissioning at TUM
e T final NUCLEUS setup for Chooz ---commissioning setup at TUM

separate spring
pendulum rack

2z Reduced version of cryogenic detector

dry dilution
refrigerator m Od u |e

-
£,
3 : 2 '
< -4 3 _"_J‘-n h
\‘ U=
\ S
\ i '

HomBeoldinoet —p, Prolonged data acquisition under near-

external shielding VN S COnd |'t|OﬂS

muon veto

lead
polyethylene

shielding support

cart

[PRD 2025]

Technical readiness of experiment Q

2z Simultaneous operation of all sub-systems

17



Rate (dru)

Data/Model Data/Model

Commissioning at TUM: Particle Backgrounds DPhP

COV spectrum

Discrepancies at low-energies
(G4 tuning on-going)

-
Long Background Run (2024)

: Data - All events Ca WO4 Spectl’um
(511 keV) 40 Data - MV coincidences
10° = ‘ (1-461M6271)4 | — S%mulat%ons-All eve.nts. 20000 CaWO,
Bi ——  Simulations - MV coincidences , ,
(1.764 MeV) - Simulations
o, 15000 - H
1 eaanery | E Background modeling
10 5 10000 - validated = 10 keV
&

5000 =

10" =

: 0

1.25 = . 6
O
o)

1.00 __.-t._@ .‘ ng,!' g 4-

Allevents :“ = 7 - * : J * * t *

o7 - 2 Mttt by

1.25 9 *“ 0 I I I I I I

100 4252 %VMM&A% 0 2000 4000 ] 6000 ( \;;)ooo 10000 12000

v A nergy (e
075 - b V coincidences [PRD 20251
e —
0 1000 2000 3000 4000 5000
Energy (keV)

Particle background modeling & mitigation Q
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Energy TES2 (eV)

DPhP

First Commissioning at TUM: LEE characterization DPhN

Double-TES
Al>O3 detector

holder-related §

I ? stress

BT — TES1 =—§TES2
0 1 2 3
shared §
300 401 ‘
] 20 _ j \::"5 P
2501 0 v i L
200 - = single BES1
] > 3
: ) W
150 - o 20: =
o0 | Met-....

: S0 e AR
100 s
1 single TES2,

50 40 Vi
: 20 4
O' 0- ...............
0 50 100 150 200 250 300 0 2 4
Energy TESI (eV) Time (ms)

P

[EPJC 2026b]

__ pshared shared
RipE = R[lOO—SOO]eV _ R[l—S]keV

- All Triggers —  Singles
- Negative Triggers (Noise) Shared
LEE Background
108 ' Estimate Estimate
7f : Range Range
10 ik (No LEE)
1 1
Z 10°- : LL[ "
3 W
8 s L T
S 10°; m A] N
L A L
1 1 TR . ™ el
: E : : : T—— | 11 — . ! H'” — m
10 10°
Energy (eV)

Sensor-related stress origin validated...
... but other source(s) contributing too!
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DPhP

First Commissioning at TUM: LEE characterization DPhN

Cryostat cooldown profiles
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B e

LEE time-dependence

Power-law decrease with time since 4K
2 Initial normalization dependence on cooldown time to 4K

2 Both particle & instrumental noise origins excluded

Measured LEE rates for various experimental conditions follow a common power law

4 Surfl ¥ Surf2 Surf3 ¢ UGL1 ® Comm ® UGL2-Closed U UGL2-Open
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DPhP

relocated

Project Timeline & Contributions from CEA/Irfu DPAN
o DEDIP
~{_~ Pre-study phase & Relocation of external shields + cryostat at VNS __Ds
.. 2020 . -
2 Upgrade of COV & cryogenic detector module preparation at TUM
Official start _' Conception & o . . . , Ce :
of NUCLEUS " ™. development B Realistic projections for neutrino detection & sensitivity to new physics
| ™
CEVNS-grade operations of %,
single gram-scale detector * , 2023
| e \« :  ' ' ' '
Evtornal shields N, FIrst commissioning
commissioned at TUM
* * N
| Cryogenic 2025
VNS ready infrastructure ready \
% \ Preparation of
CEVNS-grade reduced - \ /
setup operation (LBR) * External shields technlca/ rur
relocated at VNS *
Cryogenic detector _* ‘
module upgraded Cryostat 2027

Collaboration steering
Technical coordination
Analysis coordination




COV Upgrade Work at TUM (2025) __ DPhP

COV mechanical design » Complicated and compact mechanical design (tedious assembly

constraints, many cables, interfacing with TES detectors)

screens

2z Readout and thermal connexions via bond pads glued on each crystal

adjusters

to ease assembly and cable routing

Teflon
spacers

Cable

Weight clamps

supports

Brass threaded rods

Bond pads

Wire bonding
area
Gold layer

Katpon pad

Cable
soldering area 27



COV Upgrade Work at TUM (2025) __ DPhP

COV mechanical design » Complicated and compact mechanical design (tedious assembly

constraints, many cables, interfacing with TES detectors)

screens

2z Readout and thermal connexions via bond pads glued on each crystal

adjusters

to ease assembly and cable routing

2 Successful assembly, thermalization and readout test with half of the

spacers

b electronics — O(10 keV) thresholds achieved

Weight
supports

Brass threaded rods

COV readout streams and noise performances

A Crystal 1, OF BR = 1.95 keV
— < N Crystal 4, OF BR = 0.56 keV
| Crystal 6, OF BR = 3.21 keV

Crystal 1 10° -
Crystal 4

g 4 I Crystal 6 :i\ 2 \A
10~ YAk
:'%) 2 1 E 0 WY |
2 5 H‘r
g o nNe Il 1)
- Wi | .
-2 MW» *""‘...,
. : : : : l 107 ———— - e
6.0 6.2 6.4 6.6 6.8 7.0 10° 10% 10° 23

Time (s) Frequency (Hz)



Cryogenic Detector Module Preparation (2025) L

Minimal Detector Module (MDM) 2 Successful assembly + thermalization in Munich

Detector module exploded view 4 x 1.7-g CaWOg4 detectors with
double TES readout

interfaces for Copper thermalization
spring and Spes

light-fibers

Base support with
Teflon sphere

TES detectors

TOV Flexible PCB
= OV-detector

(TES connexion)

Fibers
(optical LED calibration)
| . Mill-Max
. connector
MDM with ,.
Bronze
TES-detectors retention spring
bottom

COV-detectors

4



Cryogenic Detector Module Preparation (2029) . DPhP

Minimal Detector Module (MDM) 2 Successful assembly + thermalization in Munich

Detector module exploded view 4 x 1.7-g CaWQ4 detectors with e .
g dfub,e T,:—é readout 2 Inter-operability of MDM with COV demonstrated
interfaces for  Gopper thermaization 2z TES detectors reached CEVNS-grade
stripes Base support with

Teflon sphere

spring and

light-fibers specifications:

® Operating point optimization procedure to

TES detectors

maximize S/N + advanced filtering technique

J/, N V

= Flexible PCB
—~—COV-detector

(TES connexion)

e < 20 eV thresholds achieved for all sensors |

Fibers
(optical LED calibration)
| . Mill-Max
. connector . . :
MDM with Achieved TES baseline resolutions
TES-detectors Bt oring
0L, 2p =(2.79 £0.60) eV [[] 1D-OF of TES 1
{> 1D-OF of TES 2
— 6 ] O 2D-OF of both TESs 30
2 — = Mean 2D-OF
bOttom gﬂ | Q 1o spread of 2D-OF . % .
COV-detectors § 2 [ArXiv 2026]

=
| IO — g 5 i [JINST 2026]
Z;» O L 5 — —
= O e -
53 o S 15
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2 O 110
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Technical Run at Chooz: Status

DPhP

DPhN

DEDIP
DIS

. 2018 B | . N .
~A.  [re-study phase 2 External shields & cryogenic facllity fully operational Q —
““¥,E 2020
| 2 Cryogenic detector module commissioning on-going
Official start _* Conception &
of NUCLEUS N
~, (development
ok N\
CEVNS-grade operations of “
single gram-scale detector * N, 2023
| A \« | ' ' ' '
= ternal shiolds First commissioning
commissioned at TUM
* N\
| Cryogenic 2025
VNS ready infrastructure ready
‘ s \ Preparation of
CEVNS-grade reduced - \, '
setup operation (LBR) * External shields technical run
relocated at VNS *
Cryogenic detector _* ‘ \
module upgraded Cryostat % | o007
relocated |
Collaboration steering \ /echnical run

On-site coordination
Analysis coordination




DPhP

Technical Run at Chooz: Status DPhN

DEDIP
. 2018 _ . . " . DIS
. [re-study phase 2 External shields & cryogenic facility fully operational Q
T, 2020 - |
| 2 Cryogenic detector module commissioning on-going
Official start _ e ", Conception &
of NUCLEUS * development First TES signals at Chooz
| A 60'5
CEVNS-grade operations of N S0 O
single gram-scale detector * ™, , 2023 I : :
= tornal shields First commissioning Ew -
commissioned at TUM g 15_: I T T— T—
* :.‘ ié Dbll 0 0.02 0.04 . [S] 0.06 0.08
* r 5025 2 0y E ! Dbl3
| Cryogenic | : :
VNS ready infrastructure ready o I S A N N A A
‘—* ID [ G,Oc’:ll’ c’:llL/Oﬂ Of Channel
CEVNS-grade reduced '
setup operation (LBR) * External shields technical run “/’ - * ‘_ _ _ T T —
elocated at NS Y\ ; Commissioning status
Cryogenic detector _* | |
module upgraded crosEl A 2027 | ® Successful thermalization < 10 mK
Collaboration s z‘eer/'ng \ Technical run | ® TES dletlectprs nearly ON SPECS - |
On-site coordination e Remaining issues with COV (thermalization + electronics)...

Analysis coordination



DPhP

Technical Run at Chooz: Next Steps DPhN

DEDIP
w2016 _ . . . . DIS
A [re-study phase 2 External shields & cryogenic facility fully operational

™. 2020
> Cryogenic detector module commissioning on-goin
?Efj?!fé%% NG Conception & YOS ° -
0 * ™. development 2 Internal shield installation (October)
CENS-grace operatons o N\ 2023 Data taking start (planned in November)

*

" - [ — — eee———ae————— e —— E——
| ~ /

N, First commissioning "

External shields

commissioned at TUM | GGoals
Y F ' B Run in “experiment mode”
- e 2025
| Cryogenic e Demonstrate experimental infrastructure at Chooz
VNS ready infrastructure ready P |
, e Practice data-taking over month-long periods (reactor ON & OFF)
<Y \ Preparation of . . . . *
CEVNS-grade reduced e ‘ e Coordinated analysis and simulation effort

setup operation (LBR) technical run

External shields Fine characterization of backgrounds

relocated at VNS *

| e Particle backgrounds + test of shielding strategy
Cryogenic detector
module upgraded * Cryostat — § | 5no7 | ° LEE .

relocated  «% b Prepare for neutrino run

Collaboration steering Technical run
On-site coordination
Analysis coordination 28



Toward Neutrino Run

. 2018 S — — : — _—
Pre-study phase - X} | LEE rejection strategy
S, 2 02 O sensor |
N | sHess " Double-TES detectors Inner veto = 2 Si wafers with TES |
O - holder-related

| * development Ck % JU

CEVNS-grade operations of ™ P
single gram-scale detector * N, , 2023

Eternal shields First commissioning
commissioned at TUM

* o N 2025 —_—

| Cryogenic |
VNS ready infrastructure ready :
| Development work on-going at TUM
Sk \ Preparation of
CEVNS-grade reduced Y ‘ \ technical run z Mechanical and thermalization concept demonstrated
setup operation (LBR) Eut | shield ,
Xternal shields 2 First version with one CaWQO4 detector operational = characterization &
relocated at VNS *
Cryogenic detector * | optimization on—going
module upgraded Cryostat — § | 507 - - - -
relocated % 2z Second version with 4 CaWO4 detectors in preparation
Technical run 2 Upgrade of detection module with IV system after technical run (end of

. 2027)
Neutrino run 29



Toward Neutrino Run

_ 2018
Pre-study phase Integration of the B4C cryogenic
™20 neutron shield
Official start _ , Conceptlon & VDS Kevlar string
of NUCLEUS -

* ™. development
| "

CEVNS-grade operations of

Top plates

setup operation (LBR)

single gram-scale detector * 2023 o
| | - o coupling
External shields N, FIrst commissioning gimck
commissioned at TUM
r* _LE
* Cryogenic 2025 - gtsi'grs‘l?:(i)cdule Cs‘irﬁ‘é'tﬂ'r';g
VNS ready infrastructure ready AV Bottom plate
S\ Preparation of
CEVNS-grade reduced _* ‘ . technical run

External shields
relocated at VNS *

Cryogenic detector * | 2 Integration work after technical run:
module upgraded Cryostat — § | 507
relocated =¥

2 Design proposed by CEA/Irfu

© Demonstration of mechanical & thermalization concept

Technical run . . .
o Validation of interfaces with cryogenic detection module (very

tight spatial constraints!)
Neutrino run -



Phase-| Sensitivity Projections

DPhP

Signal & background modeling at VNS

Counts/[keV kg days]

| Bounding scenarios

' 7-g CaWOa4 + full shielding + 1 year of ¢

ata taking

1. Technical run: no LEE mitigation + LB

2. Neutrino run: full LEE mitigation + 20 eV thr.

R thr. (35 eV)

ndent LEE

Events per day
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LEE rejection power

Possible steps after phase-| ?

2 Upgr:
p CEA/

2028
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LEE rejection power

Possible steps after phase-| ?

104

Move exp. infrastructure to a more favorable reactor site (e.g., Cruas-Meysse)

& Potential for substantial simplification of the cryogenic system design, including:

e Upgrade to 110-g CaWO4 TES setup (TUM proposal)
© Change to another detector technology (KIDs @ INFN, Ricochet, etc.)

102
Switch to R&D in lab to design LEE-free detectors

2 Dedicated and comprehensive cryogenic tests to understand root cause(s) of LEE

2 Design new mitigation strategies, e.g.:

NEUTRINO RUN

Design new reactor
@ Forcing relaxation of crystalline defects through thermal or opto-acoustic treatments of crystal

Jbsorber experiment

@ New detector designs

B Leading CEA/Irfu contribution possible in the long-term (requires dedicated cryogenic

platform + manpower)

2028 ~ 2033
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LEE rejection power

Possible steps after phase-| ?

104

Move exp. infrastructure to a more favorable reactor site (e.g., Cruas-Meysse)

& Potential for substantial simplification of the cryogenic system design, including:

e Upgrade to 110-g CaWO4 TES setup (TUM proposal)
© Change to another detector technology (KIDs @ INFN, Ricochet, etc.)

B CEA/Irfu contribution to LEE R&D possible

102
Switch to R&D in lab to design LEE-free detectors

2 Dedicated and comprehensive cryogenic tests to understand root cause(s) of LEE

2 Design new mitigation strategies, e.g.:

NEUTRINO RUN

Design new reactor
@ Forcing relaxation of crystalline defects through thermal or opto-acoustic treatments of crystal

Jbsorber experiment

@ New detector designs

B Leading CEA/Irfu contribution possible in the long-term (requires dedicated cryogenic

platform + manpower)

2028 ~ 2033
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A long climb still ahead...

Summary and Outlooks
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Summary and Lessons Learned

2> NUCLEUS = technological pathfinder for the cryogenic detection of reactor neutrinos through CEVNS

> Much progress has been made despite highly sophisticated design and subsequent technical challenges — soon first
reactor data at Chooz !

2 Neutrino signal currently hindered by LEE background — final setup to be upgraded with inner veto concept (and B4C
neutron shield) in 2027

> Neutrino run planned in 2028 meant to assess rejection of LEE and detectability of neutrinos with TES technology

> No clear positioning on the future of the experiment possible until then, even though discussions with key actors in the

field (Ricochet, CONUS) have started

2 Highly complex (cryogenic) system — many technical issues + lot of delays
2 Cryogenic detector development centralized at TUM + almost no handle on the associated work packages &

plannings — many frustrations despite efforts to diagnose problems and propose solutions
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Outlooks for CEA/Irfu

2 Even though not yet successful, CEVNS detection of reactor antineutrinos is of strategic interest for CEA/Irfu:

© SM model test at unprecedented low-energies + BSM searches in the Neutrino sector

@ Obvious applications for nuclear energy and non-proliferation, which falls within CEA’'s core missions

2 Demonstrating and implementing the technique at nuclear reactor is a long-term (> 10 yr) effort

2 Cryogenic resources & manpower very limited, with two conseguences:

Cruas-Meysse (Ardeche)

1. No handle on the cryogenic detector work package along the NUCLEUS project

2. Need to go back to a well-defined and organized instrumentation R&D in our lab

» Emerging ideas for innovative detector developments using the IBD technique, with

a focus on nuclear energy and non-proliferation applications

Recent and promising opportunity with the Cruas-Meysse nuclear power plant

2 Clear and motivated synergy with DPhN

Promising neutrino sites !
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NUCLEUS publications with leading CEA/Irfu contrib.

[ArXiv 2026] : “Development and Commissioning of the Cryogenic Target Detectors for the Technical Run of the NUCLEUS Experiment”, N. Schermer et
al. (20206)

[JINST 2026] : “Sensitivity enhancement techniques for cryogenic calorimeters in the NUCLEUS experiment”, M. Cappelli et al. (2026)

IPRD 2026] : “Prospect of the NUCLEUS experiment at Chooz for coherent elastic neutrino-nucleus scattering and new physics searches®, H. Abele et
al. (2020)

[EPJC 2026b] : “Characterization of the low energy excess using a NUCLEUS Al2Os detector”, H. Abele et al. (2026)
[EPJC 2026a] : “Particle background characterization and prediction for the NUCLEUS reactor CEVNS Experiment”, H. Abele et al. (2026)
[PRD 2025] : “Commissioning of the NUCLEUS Experiment at the Technical University of Munich”, H. Abele et al. (2025)

[JLTP 2025] : “Sub-keV Electron Recoil Calibration for Macroscopic Cryogenic Calorimeters Using a Novel X-ray Fluorescence Source”, H. Abele et al.
(2025)

INIM A 2024] : “Prototyping a High Purity Germanium cryogenic veto system for a bolometric detection experiment”, C. Goupy et al. (2024)
IPRL 2023] : "Observation of a Nuclear Recoil Peak at the 100 eV Scale Induced by Neutron Capture”, H. Abele et a. (2023)
[JINST 2022] : “Development of a compact muon veto for the Nucleus experiment”, V. Wagner et al. (2022)

[EPJC 2019] : “Exploring CEVNS with NUCLEUS at the Chooz nuclear power plant”, G. Angloher et al. (2019)

Full publication record here 39
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