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Here is the plan

◉ Coherent Elastic neutrino-Nucleus Scattering
◉ Reactor site and planned installation at ILL
◉ RICOCHET detectors status
◉ Conclusion
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CEnNS 
This is what we are looking for

I
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Predicted 
By Freedman in 1973 Physical Review D, 9(5), 1389.

Measured 
First in 2017 Science, 357(6356), 1123-1126.

COHERENT collaboration
 E𝜈mean ~30 MeV (spallation source)

Next steps ?
◉ Measuring CEnNS at reactor (lower E𝜈mean)
◉ Lowering detection threshold
◉ Increasing precision -> % level (stat)
◉ Constraining new physics models

?
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Coherent Elastic neutrino Nucleus Scattering 

A A

𝜈 𝜈

CEnNS allows small detector (~kg)  to be 
competitive in neutrino physics experiment ! 
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Looking for new physics2

Neutral current interaction

Nuclear Recoil (NR)

BSM physics models
 
◉ 𝜈 mag. moment
◉ New force mediator
◉ Sterile 𝜈



Reactor site and installation

RICOCHET at ILL 
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Reactor site : ILL, Grenoble  1
The H7 site

◉ Power: 58 MW
◉ Baseline: 8.8 m
◉ Flux: 1012 cm-2.s-1

◉ E𝜈mean: ~3 MeV
◉ ~13 CEnNS evt/kg/day
◉ ~15 m.w.e

H7

H7 Site

Paris

◉ CryoConcept HEXA-DRY 200
◉ Ultra quiet
◉ Low radioactivity

CryostatEnvironment
◉ Magnetic fields
◉ Vibrations
◉ Reactogenic bckgnd
◉ On/Off modulation

Repurposing of STEREO casemate



Shieldings and Backgrounds
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Measurements
◉ He3
◉ GERDA panels
◉ ...

Expected backgrounds (dru)

Simulation tools
Geant4 + CRY

Optimized shielding

PE: 35cm (2t) 

Pb: 20cm (20t) 
External Shielding

Pb/Cu: 15cm

PE/Cu: 30cm 
Cold Shielding (150kg)

Supported by on-site measurements + simulations
Paper coming soon...

cosmogenic 
reactogenic

radiogenic

ER
    0.6±0.2 
    26±2 
    <50 

NR
    7±2 
    2.4±0.3 
    <10-3 

CEnNS rate: 12.8 evt.kg-1.day-1
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Signal/Noise at ILL3

ER

NR

Backgrounds

◉ Electronic Recoil (𝛾)
○ ~30 evt/day/kg

◉ Nuclear Recoil (n)
○ ~5 evt/day/kg

CEnNS rate (50eV threshold)

◉ Standard model
○ ~15 evt/day/kg

◉ Total background
ER: ≃ 100 dru
NR: ≃ 10 dru

◉ CEnNS expected rate
Threshold 50 eV
12.8 evt.kg-1.day-1
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CEnNS detector wishlist4
ER/NR discrimination

Event by event tagging
ER rejection 
Heat & Ionisation measure
Heat pulse timing

Performances 
Threshold: 

50eV (discrimination)
Resolution: 

~10eV (heat) 
~20eV (ion)

Cryogenic bolometers

Exposure 
~kg scale target 

ER rejection

detector threshold

ER

NR

◉ Particle identification
NR/ER discrimination
Event by event tagging
Heat & Ionization 
Heat pulse timing

◉ Performances goal
𝛔

Heat
 ≃ 10 eV

𝛔
Ion

   ≃ 20 eV

◉ Exposure
kg scale target mass 



Q-Array and CryoCube 

Ricochet detectors
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III
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Complementary technologies1

Q-Array 

TESs

Pulse timing in Zn

CryoCube

NTDs + HEMT

Heat/Ionization

Salagnac & al: arXiv:2111.12438 Chen & al: arXiv:2111.05757

https://arxiv.org/abs/2111.12438
https://arxiv.org/abs/2111.05757


CEnNS 
optimization

NTD development (heat)
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underground above ground

Target mass ≃ 30/40g◉ Increase target mass
◉ Decrease NTD resolution

Largest CEnNS signal strength per detector from above ground operation

Salagnac & al: arXiv:2111.12438

https://arxiv.org/abs/2111.12438


Holder development
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Microphonic reduction

Damping of the vibrations using bronze 
springs & sapphire balls

No need for suspended tower anymore

3

3 sapphire balls + 
3 TEFLON clamps

9 sapphire balls + 
kapton

PREVIOUS

NEW

Same strategy adopted 
in Q-Array 

Thermal conductivity of sapphire ball clamps:
Pinckney & al: arXiv:2111.05217

Salagnac & al: arXiv:2111.12438

>200 eV (RMS) → 40 eV (RMS) 

https://arxiv.org/abs/2111.05217
https://arxiv.org/abs/2111.12438


HEMT electronics (ionization)
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1k10mk

High Electron Mobility Transistor 
Baulieu & al: arXiv:2111.10308

 

4

1k

PRELIMINARY
𝛔Ion   ≃ 76 eV (RMS)

WORLD LEADING IONIZATION 
RESOLUTION WITH
BOLOMETER (10mK)

J-B. Filippini: PhD Thesis

1.3 keV and 10.37 keV calibration lines
ER/NR discr. down to 400 eV
Next step: 100 eV

https://arxiv.org/abs/2111.12856


CryoCube fabrication
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27 x 38g Ge crystals 
with NTDs and electrodes

2 optimized designs (COMSOL)
Ongoing validation of the 

performances.

Salagnac & al: arXiv:2111.12438
Misiak PhD Thesis

𝛔
Ion

 ~ 400 eVee
𝛔

Heat
 ~ 100 eVee

𝛔
Ion

 ~ 400 eVee
𝛔

Heat
 ~ 100 eVee

Using FET electronics

https://arxiv.org/abs/2111.12438
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Data processing6
100 eV Discr. Threshold

ER

ER

NR

NR

Simulated data stream

HEMT noise model
ER, NR events generation
Several sampling rates
 

 Processed using MPS

Multi-channel (Heat/Ion)
Processing &
Simulation

“A custom Python library for data processing”

Colas & al: arXiv:2111.12856

https://arxiv.org/abs/2111.12856
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Data processing7

Timing resolution

Enhanced by ionization signal
Muon veto 500 Hz trigger rate 
manageable

NR

NR

ER

Energy resolution

~20 eV Ionisation
  10 eV Heat 

Colas & al: arXiv:2111.12856

Efficiency (data processing)

Mandatory to reach %-level 
CEnNS measurement 
Trigger, quality cuts, ...

100µs

100 eV 300 eV

NR: 30% @ 50 eV

ER: 60% @ 50 eV

https://arxiv.org/abs/2111.12856


Finally … 
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IV
RICOCHET status in a nutshell
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Take away messages

◉ H7 site preparation currently ongoing
◉ Integration at ILL 2022/2023
◉ CryoCube delivery by end 2022

○ Warm elec. + DAQ 
○ HEMT preamplifier
○ 1K / 10mK integration
○ Detector integration

◉ Background characterization suggests S/N~1 
○ On-site measurements
○ Geant4 + CRY simulation

◉ MPS processing python library is operational
○ Matched filter trigger + Efficient pulse reconst.
○ Efficiency of data processing pipeline
○

◉ R&D effort to develop Kinetic Inductance Detector as 
CEnNS sensor for next gen. RICOCHET (>100kg payload)

Goupy & al: Appl. Phys. Lett. 115, 223506 (2019)
Colas & al: arXiv:2111.12857

https://doi.org/10.1063/1.5116405
https://arxiv.org/abs/2111.12857
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Back-up



TES chip development (heat)
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Low-Tc film development

Low Tc (~40mK) 
high thermal cond.

Thermal model

Predict 10-20eV RMS on 41 g Zn
Optimized Au meander length

2

Chen & al: arXiv:2111.05757
Bath (holder)

https://arxiv.org/abs/2111.12856
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Q-Array prototype
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Ricochet timeline
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Data processing8

Timing resolution

Enhanced by ionization signal
Muon veto 500 Hz trigger rate 
manageable

NR

NR

ER

Energy resolution

~20 eV Ionisation
  10 eV Heat 

Simulated data stream

HEMT noise model
ER, NR events generation
Several sampling rates
 

 Processed using MPS

Multi-channel (Heat/Ion)
Processing &
Simulation

“A custom Python library for data processing”

Colas & al: arXiv:2111.12856

https://arxiv.org/abs/2111.12856

