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CENNS

Ve Vo
Coherent Elastic Neutrino-Nucleus Scattering
Z
Prediction (Freedman): 1974 — 1% observation (COHERENT): 2017
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CENNS Physics

Weak
nuclear
charge

1) Standard model: Measurement of the weak mixing (Weinberg) angle

Event rate [evts/kg/keV/day]
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[RICOCHET Collaboration, J Low Temp Phys 212 (2023), 127]

2) BSM signatures on E; spectrum: v
magnetic moment W,, new massive
boson mediators (Z’), sterile v, etc.

Need low-energy threshold O(10 eV)

3) Solar/atmospheric v = ultimate

background for direct DM detection
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https://doi.org/10.1007/s10909-023-02971-5

RICOCHET @ ILL

8.8m from reactor core: ¢, = 102 cm™2s?
= High CENNS statistics: ~11 evts/day/kg in [50 eV, 1 keV]

But substantial background: reactogenic, cosmogenic

Background mitigation:

* Shielding: Borated PE + Lead + Soft iron

* Muon veto

* Three 50-days reactor ON cycles /year: ON - OFF
subtraction

Neutron background characterized: expect

S/B~1in[50 eV, 1 keV] (depend on threshold !)
[RICOCHET Collaboration, EPJC 83 (2023), 20]



https://doi.org/10.1140/epjc/s10052-022-11150-x

lon energy [keVee]

CryoCube detectors principle

Assembly of Ge semiconductor cryogenic Ge-NTD thermistor

(~10 mK) calorimeters

Simultaneous ionization + heat
measurement = E el

[J Low Temp Phys 211 (2023), 398]
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Particle ID by measuring ionization yield Q=Eion/Erecoil :

* electronic recoil (ER) fromy,B (Q=1)

e nuclear recoil (NR) from CENNS, neutrons (Q=0.3)

e Heat-only (Q=0)

* + Surface events: incomplete charge collection


https://doi.org/10.1007/s10909-023-02960-8

CryoCube detectors

Height: 10 mm, @: 30 mm, Weight: 42 g

MiniCryoCube = 3 detectors + electronics
Cryocube = 2 x 3 MiniCryoCube
Full payload: 18x42g = kg-scale
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RICOCHET commissioning @ ILL

Commissioning started Fall 2023 @ ILL:

e Cryogenics validation

Outer muon veto

Vibration mitigation

Laser (calib + neutralization)

May-October 2024 (RUN014): 3 (2) planar detectors
= First reported in-situ measurements of detector
performances and background event rates /

Baseline energy resolutions:

Article in preparation ! lonization: 40 eV,

Phonon: 50 - 80 eV




RUNO14 Background event rates

e Reactor ON (155 h)
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RUNO14 NR background event rates

1) Fit Cf data to calibrate
NR peak center/width

2) Fit other samples by
scaling Cf result:

: rate = simulations
(~15 evts/day/kg)
1 anti-coinc: dominated
by surface events, only
upper limit <20 evt/day/kg
in both ON/OFF
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RUNO15: Preliminary FID performance

RUNO15: Jan-June 2025, 9 detectors including 4 FID with surface event rejection = can
see nuclear recoils !

Planar detector (RUN014)
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FID detector (RUNO15)
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Summary

RICOCHET successfully operating at ILL
Baseline resolutions: 40 eV (ion), 50-80 eV, (phonon) (FID: 30 eV, !)

Background NR rates validating simulation

RUNO15 (9 detectors including 4 FID) just finished: FID commissioning results
soon (background NR rate without surface events)

RUNO16: first science run with full 18 detectors payload (+ cryogenic p veto)
to start in July: Getting closer to CENNS !
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Expected signal vs background

[RICOCHET Collaboration, EPJC 83 (2023), 20]
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https://doi.org/10.1140/epjc/s10052-022-11150-x

Muon veto setup

Goal: reject muon-induced neutrons with minimum dead time

aemeeramnis  Fxternal veto: 34 3 cm-
Y B 'g]F il thick plastic scintillator
= ) EH e B panels arranged by pair, 1
PMT/panel. 6 top pairs &
11 side pairs

plastic scintillator @ 4K
stage, SiPM

Synchro board: common clock with bolometers
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CryoCube detectors principle

Simultaneous ionization + heat measurement = E;cwoil

eAV AV =4V
Neganov-Trofimov-Luke: Eph - Erecoil + ENTL - Erecoil + Eion €
2ndary phonons from e/h* pair creation energy
drifting charges in Ge e=3 eV
Ge-NTD thermistor Al electrode
A
Germanium
AV

\ Al electrode
NV
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Ge detector energy calibration

"1Ge electron capture K/L shells
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