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The coherent elastic neutrino-nucleus scattering (CEνNS)
❖ Originally proposed in 1974 by Daniel Friedman 
❖ Neutrinos interact coherently with all neutrons in the nuclei when the momentum 

exchanged is smaller than the inverse of the nuclear size 
❖ First observation in 2017 by the COHERENT collaboration
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CEνNS: Differential cross section
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CEνNS: Differential cross section
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CEνNS: Differential cross section
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σ ∝ N2 😃
❖ Higher cross section compared to the other 

neutrino detection channels  
❖ Sensitive to all neutrino flavors

CEνNS: Differential cross section
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The search for CEνNS
❖ Requirements: 

• High-flux neutrino source 

• Detectors tailored to recoil energies 

• Possibility to turn ON/OFF neutrinos flux
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CsI: D. Akimov et al., Science 357, 1123 (2017) 
Ar: D. Akimov et al., Phys. Rev. Lett. 126, 012002 (2021)
Ge: S. Adamski et al., arXiv:2406.13806 (2024)

https://doi.org/10.1126/science.aao0990
https://doi.org/10.1103/PhysRevLett.126.012002
https://doi.org/10.48550/arXiv.2406.13806


Emanuela Celi, CIPANP2025

The                         
experiment
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aims to measure the CEνNS with antineutrinos 
from nuclear reactor hosted at the Institut Laue 
Langevin (ILL) in Grenoble (France) with 
cryogenic particle detectors 
❖ 8.8 m from high-flux 55 MW reactor 
❖ 2023—2026 program with 7 reactor ON/OFF 

cycles (+ possible extension)
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The                         
experiment
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aims to measure the CEνNS with antineutrinos 
from nuclear reactor hosted at the Institut Laue 
Langevin (ILL) in Grenoble (France) with cryogenic 
particle detectors 
❖ Cryostat equipped with Ultra Quiet Technology to 

reduce environmental vibrations 
❖ Optimized shielding design: 

• 35-cm-thick inner layer of borated high-
density polyethylene (HDPE) 

• 20-cm-thick outer layer of lead 

• 35-cm-high top layer of HDPE 

🔴 Muon Veto (Top/Side panels)
⚪ Borated PE (Outer/Inner)
⚫ Lead Shielding
🔵 Decoupled Frame
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CryoCube Q-Array
Cryogenic 
Germanium 
detectors 
GeNTD/HEMT 
readout

Cryogenic 
supercondutor 
TES readout

R&D phase
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CryoCube technology
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❖ Dual readout heat-ionization cryogenic 
calorimeters operating at O(10 mK) 

❖ Detector module: 42 g Ge crystal 
❖ Well established technology from dark matter 

searches 
❖ Phonon energy is boosted by the Neganov-

Trofimov-Luke (NTL) effect 
❖ Operating voltage ± 4V

Eph = Er + ENTL = Er + Er ⋅ 𝒬
q ⋅ V

ϵ
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CryoCube technology - Particle identification
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Particle identification allows to separate electronic (ER) from nuclear recoils (NR)

Simulation
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Why PID? 

13
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First commissioning @ ILL
❖ First commissioning run successfully conducted 

from May to October 2024 
❖ MiniCryoCube: array of 3 “planar” detectors 
❖ ~577 h of reactor-on data, and ~1400 h of 

reactor-off data
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4.2 Electrostatic simulation and electrode optimization
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Bo�om Collect ElectrodeFigure 4.4: Detailed PL38 (left) and FID38 (right) detector design schematics exhibiting all

of the various relevant design parameters and charge collection zones: fiducial (green), corner
(red), equatorial (pink), top veto (blue), and bottom veto (yellow). The parameter values are all
given in Tab. 4.2. Figure taken from [228].

The diagonal terms of the Maxwell capacitance matrix Cii corresponds to the self-capacitance
of the electrode i and can be understood as its capacitance to the ground if all other electrodes
are grounded. The C

m
ii and C

m
ij corresponds to the capacitance of electrode i with respect to

the ground and with the other electrodes j 6= i, respectively. Note that in formal electronic
calculations, only the mutual capacitance terms are relevant, see Sec. 4.2.3.

4.2.2 Electrode design optimization for FID38 and PL38
In this paragraph, we briefly describe the general principle of the electrode design optimization
methodology. For the sake of concretness, we will exemplify the following discussion with
the case of the FID38 detector design, and later present the results for both CryoCube detector
design candidates: the FID38 and the PL38.

Figure 4.3 shows a photo of a 38 g Ge Fully Interdigited Design (FID38) detector (left panel)
and its corresponding COMSOL simulation (right panel) showing both the resulting field lines
(left side) and 2-dimensional electric potential (right side). Within this design, ring-like alu-
minum electrodes are deposited on each surfaces of the Ge crystal (top, bottom, and side). The
fabrication of these charge collection electrodes is done thanks to the evaporation of thin films
of Aluminum that can be patterned to an optimized design using photo-lithography and shadow
mask techniques [235]. The electrodes are then connected together into 4 groups: top veto (A),
top fiducial (B), bottom veto (C), and bottom fiducial (D). A different potential is applied to
each group of electrodes in order to create a complex electric field near the Ge surface allowing
the fiducialization of the detector volume. This strategy, first experimentally demonstrated by
the EDELWEISS collaboration [80], allows to reject events interacting at the detector’s surface
(red zone), e.g. beta electrons, alphas, and low-energy x-rays, with a high efficiency while
keeping a significant fiducial volume (green zone).
As can be understood from Figure 4.3 such surface event rejection strategy comes with three
possible drawbacks: 1) reduced fiducial volume, 2) low-electric field in the bulk possibly de-
grading the charge collection efficiency, and 3) large capacitances, due to the proximity of some

- 78 -

+Inner shielding
+Outer Muon Veto
+Laser
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Results from the first commissioning @ ILL

❖ Activation of 71Ge before the run to 
use the 10.3 keV X-ray for calibration 

❖ 41Ar from the activation of Ar in the 
air surrounding the cryostat when 
reactor is ON 

❖ ~40 eVee, ~50 eVph baseline 
resolution achieved on ionization 
and heat (respectively) 

❖ Optical fiber coupled to each 
detector to inject artificial pulses

15
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FIG. 3. Energy distribution of the ionization (top) and
phonon (bottom) channels showing the 71Ge K-shell and L-
shell lines at 10.37 keV and 1.3 keV. The inset shows the ion-
ization energy distribution of the 41Ar line at 1293.6 keV. The
vertical dashed lines indicate the expected peak position as-
suming a linear calibration for ionization, and after the non-
linearity correction of the phonon channel (see text). The
phonon channel also includes a data selection to remove heat-
only events, using an ionization selection to remove events
below 0.2 keVee.

The phonon response has a strong nonlinearity with447

energy as it is shown in Fig. 4 (bottom). The amplitude448

in nV of the phonon pulse divided by the energy of the449

corresponding ionization signal calibrated in keVee varies450

as a function of the amplitude of the pulse. This e↵ect451

is observed for electron recoils (those from the 252Cf cal-452

ibration are shown in Fig. 4 (bottom)). A very similar453

e↵ect is also observed for laser events. Dedicated streams454

were acquired where the laser pulse length was adjusted455

to produce signals ranging from 100 eV to 140 keV. This456

ratio starts to deviate from a constant value for signal457

with energies of the order of the keVee. This dependence458

is parametrized here with the function:459

f(E) = p0 + p1(lnE � p2)
1 + p4(lnE � p2)

1 + exp

✓
lnE � p2

p3

◆ , (3)460

where pi (with i from 0 to 4) are free parameters. The461

resulting function is used to correct the phonon signal462

amplitudes. The linearity correction deduced from the463

high-statistics sample of � events from the 252Cf neutron464

source is found to be applicable for most of the RUN014.465

FIG. 4. Top panel: deviation from linearity of the ionization
signal as a function of energy, as measured from the posi-
tions of peaks from 71Ge, 41Ar and U/Th decays. Bottom
panel: Ratio of the amplitude of the phonon pulses (in nV)
to the charge signal (calibrated in keVee). The data set are the
electron recoils from the 252Cf calibration (black), and from
the laser pulses at wavelength of 1590 nm (blue) and 1650 nm
(red). The uncertainties are statistical only. The curve is the
function used to correct for the nonlinearity of the phonon
nonlinearity, as described in the text.

A slightly di↵erent correction is obtained for events in466

the first two months of RUN014, before the Ge-NTD had467

fully thermalized and reached their nominal sensitivity.468

In that regime, the di↵erence of temperature between the469

detector and the heat bath to which they are connected470

decreases systematically with time, despite the regula-471

tion of the bath’s temperature. This e↵ect is accounted472

by correcting for the anticorrelation between the phonon473

gain and the pre-pulse mean baseline [28]. Figure 3474

(bottom) shows the energy distribution below 30.3 keVph475

for the phonon channel after the linearity and pre-pulse476

mean baseline corrections. The maximum daily excursion477

of the 10.37 keV line measured by the phonon channels478

during the reactor-on period of RED167 (RED237) is 1%479

(2%) over 24 days (19 days). The peaks shown in Fig. 3480

are characterized by a tail on the left, which is due to481

partially collected charges. For both detectors, less than482

1% of the charges in the 10.37 keV peak are leaking down483

to the nuclear-recoil band.484

First, a partition selection which removed the periods485

of time with reconstruction problem is applied. This re-486

moved 15minutes of data from the reactor on dataset487

PRELIMINARY
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Results from the first commissioning @ ILL
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periment was gradually improved.598

The ionization and phonon resolutions are found to599

depend on three important factors: (1) the simultaneous600

operation of one or two detectors, (2) the vibration lev-601

els and in particular the operation of pumps when the602

reactor is on, and (3) the quality of the decoupling of the603

detector to all vibrations.604

In the reactor on period, the increase by 3 to 8 eVee605

of the ionization resolution observed when two detectors606

are readout simultaneously is caused by an insu�cient607

shielding of the neighboring readout module prototypes,608

and has been corrected in the final version of the readout609

electronics.610

The impact of vibration and of their mitigation had al-611

ready been observed in RUN013, where it was found that612

the installation of the damping pads between the cryo-613

stat frame and its pillars improved the baseline resolu-614

tion for the heat (ionization) channel of 35(1)% (5.3(5)%)615

while the reactor was on. It has also been observed that616

the e↵ectiveness of the UQT decoupling relies on a pre-617

cise alignment of the pulse tube and refrigerator frames618

that needs to be carefully controlled after hardware in-619

terventions. In RUN014, the installation of the damp-620

ing polyurethane foam between the bellow and the top621

frame at the end of September resulted in an improve-622

ment on the baseline resolution of 20(5)% for the phonon623

channel and no change on the ionization channel. The624

e↵ect of this added insulation on the vibrations caused625

by the reactor operation has not yet been tested, but626

those caused by the pulse tube are nearly under control.627

After the foam installation, it was observed that the op-628

eration of the pulse tube degraded the phonon resolution629

by 15(10)%, with no significant e↵ect on the ionization630

resolution. Further improvements could be achieved, for631

example, by suspending the detector [30]. However, the632

overall improvement in resolutions with time in Table I633

is an encouraging sign that the setup improvements be-634

tween July and October should reduce the e↵ect of vi-635

brations in future reactor-on runs.636

VI. BACKGROUND637

Figure 8 shows a scatter plot of the ionization yield638

Q/Er as a function of the recoil energy (as defined in639

Eq. 2) for the July reactor-on data and the 252Cf neu-640

tron calibration data. Events within ±10 µs of a muon641

veto coincidence are rejected. The resolution for these642

data samples are listed in Table I. The CE⌫NS signal643

expected to appear below 1.5 keV in the nuclear recoil644

(NR) band delineated by the dense pink population on645

Fig. 8. The other two most visible bands in this figure646

correspond to the electron recoil events (ER), centered647

at Q=1, and a population of events with no significant648

ionization signal, corresponding to the heat-only (HO)649

population discussed in Ref. [31]. In the present com-650

missioning phase, the objective is to assess the current651

levels of backgrounds in the recoil energy range from 2652

FIG. 8. Ionization yield as a function of the phonon chan-
nel recoil energy for the reactor on data (black) superim-
posed to the 252Cf neutron source data (pink). The neutron
source data highlight the expected position of the nuclear re-
coil band. The expected position of ER and the 0.2 keVee

ionization selection used to identify heat-only events are in-
dicated with thin and thick blue dotted-dashed lines, respec-
tively. The thin and think blue dashed boxes indicate the
ranges covered for the ER and NR rates in Table II, respec-
tively.

to 7 keV, where the interpretation of the ionization yield653

is the most straightforward and relatively insensitive to654

the variation of detector performance observed as the ex-655

perimental setup was tested and improved. This range656

excludes events from the 71Ge L-shell line and the cop-657

per fluorescence line at 8.1 keV. The high-statistics 252Cf658

data sample makes possible a determination in this en-659

ergy range of the mean and the rms values of the mea-660

sured ionization yield values for NR events Qn and �Qn .661

Figure 8 also show that in this range, these three popu-662

lation can be separated by simple cuts on the ionization663

yield for ER and NR events (blue dashed boxes corre-664

sponding to Q > 0.6 and Qn ± 2�Qn , respectively), or665

by requiring Eion < 0.2 keVee for HO events (blue dot-666

dashed lines), i.e. approximately 5�ion, according to Ta-667

ble I. It has been verified that the pulse shape of all668

events appearing in Fig. 8 cannot be distinguished from669

reference ER events. According to the dotted blue box670

on Fig. 6, the e�ciency for HO, NR and ER events in671

this range is always 60(9)%.672

This figure shows a fourth population lying outside the673

relatively narrow bands where ER, NR and HO events are674

expected, with ionization yield values relatively evenly675

distributed between 0 and 1. These events are likely676

electron recoils with incomplete charge collection. This677

is expected for events near the surface, such as � decays678

on the surfaces of the detector or its copper holder. An-679

other source are the electrons produced in photoelectric680

and Compton interactions in the copper holder. These681

events can be rejected by the use of Fully Inter-Digitized682

electrodes as in Ref. [20], and the full Ricochet payload683

will include detectors with this electrode design. The ob-684

PRELIMINARY

❖ Clear separation between ER and NR 
❖ Background sources: 

• Reactogenic neutrons ➝ Shielded 

• Cosmogenic neutrons ➝ Vetoed 

• Surface β-decays 

❖ Muon-induced NR rate ~ 14 counts/
kg/day during Reactor OFF → reject 
by veto
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FID detectors
Fully Inter-Digitized (FID) ➝ re-optimized 
electrodes geometry to differentiate bulk from 
surface events (~70% fiducial volume)

17

4.2 Electrostatic simulation and electrode optimization
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B
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Top Collect Electrode
Bo�om Veto Electrode
Bo�om Collect ElectrodeFigure 4.4: Detailed PL38 (left) and FID38 (right) detector design schematics exhibiting all

of the various relevant design parameters and charge collection zones: fiducial (green), corner
(red), equatorial (pink), top veto (blue), and bottom veto (yellow). The parameter values are all
given in Tab. 4.2. Figure taken from [228].

The diagonal terms of the Maxwell capacitance matrix Cii corresponds to the self-capacitance
of the electrode i and can be understood as its capacitance to the ground if all other electrodes
are grounded. The C

m
ii and C

m
ij corresponds to the capacitance of electrode i with respect to

the ground and with the other electrodes j 6= i, respectively. Note that in formal electronic
calculations, only the mutual capacitance terms are relevant, see Sec. 4.2.3.

4.2.2 Electrode design optimization for FID38 and PL38
In this paragraph, we briefly describe the general principle of the electrode design optimization
methodology. For the sake of concretness, we will exemplify the following discussion with
the case of the FID38 detector design, and later present the results for both CryoCube detector
design candidates: the FID38 and the PL38.

Figure 4.3 shows a photo of a 38 g Ge Fully Interdigited Design (FID38) detector (left panel)
and its corresponding COMSOL simulation (right panel) showing both the resulting field lines
(left side) and 2-dimensional electric potential (right side). Within this design, ring-like alu-
minum electrodes are deposited on each surfaces of the Ge crystal (top, bottom, and side). The
fabrication of these charge collection electrodes is done thanks to the evaporation of thin films
of Aluminum that can be patterned to an optimized design using photo-lithography and shadow
mask techniques [235]. The electrodes are then connected together into 4 groups: top veto (A),
top fiducial (B), bottom veto (C), and bottom fiducial (D). A different potential is applied to
each group of electrodes in order to create a complex electric field near the Ge surface allowing
the fiducialization of the detector volume. This strategy, first experimentally demonstrated by
the EDELWEISS collaboration [80], allows to reject events interacting at the detector’s surface
(red zone), e.g. beta electrons, alphas, and low-energy x-rays, with a high efficiency while
keeping a significant fiducial volume (green zone).
As can be understood from Figure 4.3 such surface event rejection strategy comes with three
possible drawbacks: 1) reduced fiducial volume, 2) low-electric field in the bulk possibly de-
grading the charge collection efficiency, and 3) large capacitances, due to the proximity of some

- 78 -
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FID performances
Rejection of the majority of surface events

18
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Status of RICOCHET @ ILL
❖ Third Detector run from January to 

June 2025 in preparation for the 
physics run 

❖ First FID installation @ ILL 
❖ 9 Detectors (5 planar + 4 FID) 

❖ Cryo-muon veto installation 

❖ Improving ionization noise conditions 
decoupling of 1 K HEMT stage from 
10 mK detector stage

19
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Whats next?

Summer 2025: 
❖ Installation of 18-detector Array (7 planar + 11 FID) 
❖ Commissioning paper will be submitted soon 
❖ Analysis of science run with 9 detectors 

2026++: 
❖ CEνNS from 18 payload detectors 
❖ New detector technologies (superconductors, Si and Ge 

detectors)

20



Thanks for the attention
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How to detect CEνNS
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Requirements:  
❖ Low energy neutrinos  
❖ Intense neutrino source: 

• Spallation neutron sources 

• Nuclear reactors 
❖ Technology able to detect nuclear recoils 

 keV

Eν ≲ 30MeV

Emax
r ∼ 20 − 100
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Background in next generation dark matter experiments
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❖ CEνNS shows the same signature 
(nuclear recoils) of the expected 
WIMP dark matter signal 

❖ CEνNS from solar and 
atmospheric neutrinos represents 
an irreducible background for 
future dark matter searches 
(neutrino fog)  

➝ precise CEνNS measurements 
can constrain this background 
contribution



Emanuela Celi, CIPANP2025

Many experiments…
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Detector energy deposition
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±80–100%

±20% few %

Phonons-based detectors 
are the most sensitive to 
small energy depositions 
like nuclear recoils



Emanuela Celi, CIPANP2025

Cryogenic particle detectors 
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Highly sensitive calorimeters operated at cryogenic 
temperature (~10 mK) 

  where   

From Debye law  

ΔT(t) =
ΔE
C

exp (−
t
τ ) τ =

C
G

C ∝ T3

Extended Data Fig. 1 | Working principle of the cryogenic calorimeter. Left, 
simplified calorimeter thermal model. The detector is modelled as a single 
object with heat capacity C coupled to the heat bath (with constant 
temperature T0) through the thermal conductance G. The NTD thermistor for 

signal readout is glued to the absorber. Right, example of a CUORE pulse from 
the 2,615-keV calibration line: T0 corresponds to the baseline height, the pulse 
amplitude is proportional to the deposited energy, and the decay time depends 
on the value of C/G.

 = heat capacity 

 = thermal conductance
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on the low temperature 
detector used



Emanuela Celi, CIPANP2025

Q-Array technology
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❖ Dielectrics (like Si and Ge): 

• Ionisation with energy gap of O(1 
eV) 

• Detection of long living thermal 
phonons 

❖ Superconductors: 

• Debye energy > 2∆gap [O(100 𝜇eV)] 

• Athermal phonons above the gap 
create quasi-particles, these are 
trapped and emit phonons
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Q-Array status

29

❖ Testing different crystals (Zn, Sn, Al) with 
TES readout 

❖ The final setup is composed of 9 Q-Array 
detectors with a multiplexed readout  

❖ Possibility of particle identification through 
pulse shape discrimination 


