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Coherent elastic nN scattering

• In the Coherent Elastic Neutrino-Nucleus Scattering (CEνNS) interaction, the neutrino 
scatters off the nucleus as a whole.

• Neutral-current interaction, all neutrino flavours.
• Predicted by two groups in 1974.
• Discovered by COHERENT in 2017. 
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Nuclear Recoil Signature

The struck nucleus acquires a small 
recoil energy

• Max recoil energy is 2𝐸஝ଶ/𝑀
• Only 15 keV for CsI at 30 MeV

1:   Need a detector with a very 
low threshold
• Recent advances in dark matter detection 

has made keV-scale thresholds possible

2:   Will need to place detector in    
a large neutrino flux
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• Coherent enhancement of the scattering cross-section 
at low energies: 𝐸!  < 50 MeV.
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• The total cross-section is proportional to 𝑁2.
• Nuclear form-factor is ≈ 1 in the coherence limit 𝑞! → 0 .
• CEνNS is the dominant interaction at low energies.

Barbeau, Scholberg, 
Efremenko, Ann. Rev. Nucl. 

Part. Sci. 73 (2023) 41

CEvNS Detection Recipe

• En ≲ 50 MeV to permit coherent interaction
• Sensitivity to small cross section ~ 10-39 cm2

• Low backgrounds 
• Lots of neutrinos

• Sensitivity to tiny nuclear recoils

Diana Parno -- COHERENT Overview 7
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FIG. 2. Neutrino cross sections for neutrino energies up to 100 MeV relevant for COHERENT, from Ref. [9].

individual electron or nucleon within a nucleus. Cross sections of relevance to COHERENT are shown in
Fig. 2.

The di↵erential cross section of CEvNS predicted by the Standard Model is given by [10]
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where T is the recoil energy, E⌫ is the incident neutrino energy, GF is the Fermi constant, M is the target
nuclear mass,

GV = (gpV Z + gnV N)FV
nucl(Q

2), (2)

GA = (gpA(Z+ � Z�) + gnA(N+ �N�))F
A
nucl(Q

2), (3)

gn,pV and gn,pA are vector and axial-vector coupling factors, respectively, for protons and neutrons, Z and N

are the proton and neutron numbers, Z± and N± refer to the number of spin up or down nucleons, FV,A
nucl are

vector and axial nuclear form factors, and Q is the momentum transfer. As the numbers of spin up and down
nucleons in a nucleus are either precisely zero or much smaller than the number of nucleons, the axial-vector
contribution GA is small. The couplings are subject to percent-level Q-dependent radiative corrections [11],
with values of gnV ⇠ �0.511 and gpV ⇠ 0.03.
The vector contribution GV is hence mainly determined by the total number of neutrons in the target

nucleus. The cross section as a function of the number of neutrons is shown in Fig. 3.
Even though CEvNS has a relatively large cross section, it was not until recently that this process was

observed [3, 4] due to the low recoil energy of the nucleus. A pulsed neutrino source optimized for generating
high-flux neutrinos in the tens of MeV range and detectors that are sensitive to nuclear recoils down to keV
or even sub-keV range enabled the first measurements, and this setup provides further opportunities for
detailed study of CEvNS.

Barbeau, Efremenko, and Scholberg, 
Ann. Rev. Nucl. Part. Sci. 73 (2023) 41



• Coherent enhancement of the scattering cross-section 
at low energies: 𝐸!  < 50 MeV.

Coherent Elastic Neutrino-Nucleus Scattering

• Despite the large cross-section, the nuclear recoils are very small, ≲ keV.
- New technological developments in low-threshold detection.
- Low backgrounds.

• Ionisation signals are a fraction of recoils.
- Quenching factor measurements are crucial.
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CEvNS BSM fit
Magnetic moment as simple test 

case.

The limits for QF=20 (Lindhard) 

are fairly similar.

Note, the steep cliffs around QF=-

50 (CONUS) or QF=-100 

(Dresden)

Extreme sensitivity to QF!

Patrick Huber, 
Magnificent CEνNS 2024



• EW precision tests
- Weak mixing angle

• New neutrino interactions
- Nonstandard interactions
- Generalised interactions
- New mediators

• Neutrino properties
- Neutrino charge radius
- Neutrino magnetic moments

• Nuclear physics
- Nuclear form factors
- Neutron radius and skin

• Supernovae
• Solar neutrinos
• Sterile neutrinos
• Dark matter

Physics with CEnNS
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FIG. 1. Variation of sin2#W with scale Q. The SM pre-
diction is shown as the solid curve, together with exper-
imental determinations in black at the Z-pole [1] (Teva-
tron, LEP1, SLC, LHC), from APV on cesium [5, 6]
(APV(Cs)), Møller scattering [14] (E158), deep inelas-
tic scattering of polarized electrons on deuterons [15]
(PVDIS) and the result from the proton’s weak charge [3]
(Qweak). For illustration purposes, the Tevatron and
LHC points have been shifted horizontally to the left
and right, respectively. In pink the result derived in this
paper when combining APV(Cs) with CE⌫NS COHER-
ENT CsI data [16, 17] and the neutron skin determina-
tion at the CSRe facility [18]. A similar result, slightly
more precise, is obtained considering electroweak probes
only and is shown in red.

ning of sin2#W, calculated in the MS renormaliza-
tion scheme [1, 7, 8].

In the low-energy sector, there are two other elec-
troweak probes mildly sensitive to the weak mixing
angle. They are the coherent elastic neutrino-
nucleus scattering (CE⌫NS) [19] and measurements
of parity-violation in electron scattering (PVES)
on nuclei. The first process has been observed
so far in three targets, namely in cesium iodide
(CsI) [16, 17], and in argon (Ar) [20] by the CO-
HERENT Collaboration using a spallation neutron
source and in germanium (Ge) [21] using neutrinos
from the Dresden-II reactor. The CE⌫NS cross
section depends on the value of sin2#W through
the neutrino-proton coupling gpV [19, 22], but
being the proton contribution subdominant with
respect to the neutron one, only broad constraints
on sin2#W can be obtained [23–29]. The most
recent updated result is sin2#W = 0.231+0.027

�0.024 [29],
obtained from the latest COHERENT CsI data [17].
PVES consists of polarized electron-nucleus scat-
tering, e.g. in lead, that happens through both the
weak and the electromagnetic currents. Isolating
the first contribution, it provides an interesting
way to assess the nuclear structure, but it can

also be used to put constraints on sin2#W . This
has been recently suggested in Ref. [30], using the
latest PVES measurements on lead released by the
PREX-II Collaboration [31].

Historically, the APV measurement in cesium has
moved significantly over the years (see the inset of
Fig. 9 of Ref. [29]), being mostly lower than the
SM prediction, motivating a further investigation of
all the inputs entering this measurement. Moreover,
the extraction of the weak mixing angle value us-
ing electroweak probes (APV, CE⌫NS and PVES)
is always a↵ected by the limited knowledge of the
so-called neutron skin of the nuclei used as a tar-
get [32]. The latter is defined as �Rnp ⌘ Rn � Rp,
and quantifies the di↵erence between the neutron
and the proton nuclear distribution radii, Rn and
Rp, respectively, where the latter is experimentally
well known from electromagnetic measurements [33].
The usage of an extrapolated or imprecise value of
the neutron radius of cesium or lead would bias the
extraction of sin2#W and vice-versa, misinterpreting
potential signs of BSM physics. It is thus of pivotal
importance to exploit all available inputs on �Rnp

and sin2#W in a combined measurement, in order to
take advantage of possible correlations and minimize
external assumptions.

The di�culty in measuring �Rnp is that the
nuclear neutron distribution can be probed only by
exploiting the strong or weak forces. The e↵ects
of the weak neutral-current interactions, embodied
by the weak charge of the nucleus, are known with
good approximation thus making these measure-
ments systematically clean. However, the statistical
uncertainty is still quite limited. On the contrary,
the results of experiments with hadron probes are
more precise but their interpretation is di�cult
since the e↵ects of strong-force interactions cannot
be calculated with su�cient approximation and
the interpretation can be done only by assuming a
strong-interaction model with all its limitations [32].
On top of that, the cesium neutron radius determi-
nation with hadronic probes has been historically
experimentally challenging due to the low melting
point and spontaneous ignition in air, resulting
up to now for the APV sin2#W determination in
the utilization of an extrapolated Rn(Cs) value
from antiprotonic atom x-ray data [34]. However,
recently, a new direct measurement of the cesium
neutron skin, 0.12±0.21 fm, appeared [18], obtained
using proton-cesium elastic scattering at low mo-
mentum transfer and an in-ring reaction technique
at the Cooler Storage Ring (CSRe) at the Heavy
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Fig. 8 Current status and future projections for neutron distribution
radii of different nuclei measured via electroweak probes. The upper
plots show the current and foreseen measurements of Rn(Cs from
CEνNS with CsI crystal detectors [25,26,29] (left) and of Rn(Ar liq-
uid Ar detectors [23,48] (right), compared to the lower plots where the

current and foreseen measurements from parity-violating electron scat-
tering are shown, for the case of Pb [45,46] (left) and Ca [47] (right).
For CsI, similar uncertainties are expected to be achieved thanks to the
detectors planned at the ESS [85] and at the CSNS [86]. See the text for
more details

the difference between the Cs and I radius, expected to be
∼ 0.06 fm. Thus, it will be of paramount importance to
keep into account the different contributions of Cs and I
by performing a simultaneous fit on these two quantities as
we did in Sect. 3.3. This precision, which is also expected
to be achieved at the ESS with a similar amount of fore-
seen CEνNS events, will represent an unprecedented win-
dow into nuclear physics, making CEνNS very competitive
with respect to the other weak probes. Specifically, the other
available and currently world-leading measurements on the
neutron radius of heavy and neutron-rich nuclei come from
parity-violating electron scattering as shown in the lower left
panel of Fig. 8, for the case of 208Pb [45,46] as measured by
PREX-I and PREX-II, respectively. It is worth noticing that
the MREX experiment [84] also plans to measure the 208Pb
neutron radius with an accuracy of about 0.5%.Talking about
lighter nuclei, the currently available measurements come
from COHERENT for 40Ar [4] and for 48Ca [47] from the
CREX experiment exploiting again parity-violating electron
scattering. The COHERENT collaboration foresees to mea-
sure Rn(Ar) to 4.6% with the upgraded tonne scale argon
detector (see also Ref. [87]), so-called COH-Ar-750 [48], as
shown in the upper right panel of Fig. 8.

In Fig. 9, we report the projections on the weak mixing
angle as obtained from this sensitivity study, along with a
comprehensive review of the current and future measure-
ments that are known for an energy scale below 100 MeV.

In particular we depicted the evolution of the APV determi-
nation in the last decade [88–91], that moved significantly
due to different theoretical re-evaluations, the value of the
weak mixing angle extracted from the CsI COHERENT in
Ref. [25] and in this work as well as the values obtained
from the combination with APV. As it can be seen, many

measurements of sin2 ϑW are expected in the near future in
the low energy sector, as those coming from the P2 [84,92]
and MOLLER [93] experiments, and from future CEνNS
experiments (COνUS [10], TEXONO [94], CONNIE [95],
and MIνER [96]) that will be really powerful for further con-
straining such a quantity. It is worth noticing that CEνNS
from reactor antineutrinos already proved to be able to pro-
vide a determination of the weak mixing angle. Indeed, this
has been shown in Refs. [22,97], even if the uncertainty
so far is still too large to be depicted in Fig. 9. In this
scenario, CEνNS determinations with CsI will help with
both the Cryo-CsI-I detector that will reach a precision of
about σ (sin2 ϑW ) = 0.012 and in particular with COH-
CryoCsI-II, where a precision of about σ (sin2 ϑW ) = 0.007
will be achieved. Similar precision are also expected to be
achieved by the other large cryogenic CsI targets measuring
CEνNS as highlighted in this section. The sensitivity projec-
tion on the weak mixing angle for the Cryo-CsI-I detector
has been reported also in Ref. [48] by the COHERENT col-
laboration, where a slightly better precision corresponding to
σ (sin2 ϑW ) ∼ 0.009 has been found. The different result can
be explained considering that the sensitivity to the weak mix-
ing angle depends strongly on the values of Rn(Cs) and Rn(I)
used to describe the loss of coherence for increasing recoil
energies. The values from the NSM calculations adopted in
our work differ from the significantly larger value used in the
aforementioned work, which seems to be Rn(CsI) ∼ 6 fm.
We verified that we are able to obtain a better agreement with
their projections using the latter value for the nuclear radius.
When more data will become available, it will be therefore
essential to perform a simultaneous determination of these
parameters, as investigated in this work.
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Physics with CEnNS

Coherent Elastic Neutrino-Nucleus Scattering

• CEνNS from solar, atmospheric and diffuse supernova neutrinos forms an irreducible 
background to direct Dark Matter searches.

7

Ciaran O’Hare, Magnificent CEνNS 2024

Neutrino fog

C. O’Hare, PRL 127 (2021) 25, 251802



Coherent Elastic Neutrino-Nucleus Scattering

• Required: sources of low-energy neutrinos (𝐸!  < 50 MeV) with a high flux.

8

Enectali Figueroa-Feliciano \ Ricochet Collab \ Mar 2023
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Coherent Elastic Neutrino-Nucleus Scattering

• Required: sources of low-energy neutrinos (𝐸!  < 50 MeV) with a high flux.

• Reactors. 
- High fluxes of 2*1020 s-1 per GW reactor power.
- Reactor-off periods crucial for background measurement.
- Energy range (0–10) MeV means full coherence.

9

TEXONO collab., Phys.Rev. D75, 012001 (2007)
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Neutrino sources

Coherent Elastic Neutrino-Nucleus Scattering

• Required: sources of low-energy neutrinos (𝐸!  < 50 MeV) with a high flux.

• Pion decay at rest (𝜋-DAR). 
- Pulsed source of electron neutrinos and muon (anti)neutrinos.
- Timing information crucial for background suppression.
- Higher energy (10–50) MeV means partial coherence, but higher recoils.

• Several facilities with experiments.
- Spallation Neutron Source (SNS) at Oak Ridge National Laboratory (USA).
- Lujan center at Los Alamos Neutron Science Center LANSCE (USA).
- China Spallation Neutron Source CSNS (China).
- European Spallation Source (ESS) under construction (Sweden).

10
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CEnNS experiments

Coherent Elastic Neutrino-Nucleus Scattering 11

Updated from C. Bonifazi, Neutrino 2022

Coherent CAPTAIN-Mills

LANSCE Lujan

Nuclear reactors

Stopped-pion beams 

2023

Atucha-II

GaNESS

Future/Planned
NCC-1701 RED-100

CHILLAX

SBC

nuESSMagnificent CEvNS 2024                 University-Enterprise Foundation of the University of Valencia           June. 2024

Status of the CONUS+ experiment

Kaixiang Ni – On behalf of the CONUS+ collaboration

On behalf of the NUCLEUS Collaboration: 
Elisabetta Bossio (CEA)  

elisabetta.bossio@cea.fr 

6th Magnificent CEvNS Workshop, Valencia, 12.06.2024

Status of the NUCLEUS experiment

RELICS
 RELICS（REactor neutrino LIquid xenon Coherent elastic Scattering）

21

Details in arXiv: 2405.05554

RECODE

2CICENNS



CEnNS experiments

Coherent Elastic Neutrino-Nucleus Scattering 12

(the list may be incomplete)

 
 
* in preparation  
Germanium   Silicon   Noble gases   Cryogenic   Scintillator  
 
 
 
 
 

Experiment Detector Mass Threshold Reactor/ 
source 

Distance 
to source 

Thermal 
power 

Neutrino 
flux ν/cm2/s 

Location 

COHERENT CsI, Ar, Ge, NaI 15-185 kg 6.5-20 keVnr πDAR 19-28 m  4.3*107 USA 
nuESS* CsI, Ge, Xe, Ar   πDAR    Sweden 
CICENNS* CsI(Na) 300 kg 2 keVnr πDAR 10.5 m  2*107 China 
Atucha-II Si CCDs 2.5 g 40 eVee Atucha-II 12 m 2 GWth 2*1013 Argentina 
BULLKID* Si/Ge cryogenic 20 g 160 eV     Italy 
CONNIE Si CCDs 0.5 g 15 eVee Angra-II 30 m 3.9 GWth 7.8*1012  Brazil 
CONUS HPGe 3.74 kg 210 eVee Brokdorf 17 m 3.9 GWth 2*1013 Germany 
CONUS+ HPGe 3.74 kg 150 eVee Leibstadt 20.7 m 3.6 GWth 1.45*1013 Switzerland 
MINER* Ge, Si, Al2O3 

cryogenic 
1 kg 100 eVnr TRIGA / 

HFIR* 
2-10 m 1 MWth ~1*1012 USA 

NCC-1701 HPGe 3 kg 200 eVee Dresden-II 8 m 2.96 GWth 8.1*1013 USA 
NEON NaI(Tl) 16.7 kg 200 eVee Hanbit 23.7 m 2.815 GWth ~1*1013 Korea 
NEWS-G3* Ar+2%CH4   tbc    Canada 
NUCLEUS* CaWO4, Al2O3 

cryogenic 
10 g 20 eVnr Chooz 77 m,  

102 m 
2x2.45 GWth 1.7*1012 France 

NUXE* LXe 10 kg  tbc     
nuGEN HPGe 1.4 kg 200 eVee Kalinin 11-12 m 3.1 GWth 5.4*1013 Russia 
RED-100 LXe, Lar* 200 kg  Kalinin 19 m 3.1 GWth 1.35*1013 Russia 
RECODE* HPGe 1-2,10 kg 160 eVee Sanmen 11, 22 m 3.4 GWth Up to 

5.6*1013 
China 

RELICS* LXe 50 kg 1 keVnr Sanmen 22 m 3.4 GWth 1.4*1013 China 
Ricochet* Ge, Zn, Al, Sn 

cryogenic 
680 g 160 eVee, 

300 eVnr 
ILL-H7 8.8 m 58 MWth 1.6*1012 France 

SBC* Ar  10 kg 100 eVee tbc    USA 
TEXONO HPGe 1.43 kg 200 eVee Kuo-Sheng 28 m 2.9 GWth 6.4*1012 Taiwan 



CEnNS at pDAR sources
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COHERENT

Coherent Elastic Neutrino-Nucleus Scattering

• Pulsed neutrino beam from pion decay at rest at Spallation Neutron Source (SNS).
• CsI[Na] detector was the world’s smallest working neutrino detector. 

- 14.6 kg mass, 6.5 keVnr threshold.
- 19.3 m from the source.
- Basement with 20+ m of gravel and concrete.
- Muon vetoes and lead, water and plastic passive shielding.
- Different neutrino flavours resolved using timing.

14

D. Pershey New CEvNS Results from the COHERENT CsI[Na] Detector

The COHERENT CsI[Na] Detector

21

Shielding design

– Veto to tag cosmic events
– Lead to shield from gammas
– Water and plastic to

moderate neutrons

A hand-held neutrino detector
– 14.6-kg CsI[Na] crystal
– Manufactured by Amcrys-H
– Single R877-100 PMT

D. Pershey New CEvNS Results from the COHERENT CsI[Na] Detector

Managing Neutron Backgrounds at a Neutron Source

The SNS does its job of making neutrons very well – where can we avoid them?
While assessing the site, a basement hallway was discovered where the neutron flux was 

reduced by orders of magnitude to levels acceptable for CEvNS experiments
• “Neutrino alley” was born

19

Looking down neutrino 
alley, just wide enough to 
deploy ton-scale detectors

Spallation Neutron + Neutrino Source
Energy Timing

From p+ 2-body decay

From µ+ 3-body decay

From µ- capture

nµ

nµ + ne

COHERENT, Phys. Rev. D 106 (2022) 032003
Diana Parno -- COHERENT Overview 16

PRD 106 (2022) 032003



COHERENT CsI measurement

Coherent Elastic Neutrino-Nucleus Scattering

• First observation of CEνNS with the CsI[Na] detector in 2017.
• Full CsI[Na] dataset 2.2 times bigger, before decommissioning in 2019.

- Updated scintillator response model, improved systematic uncertainties.
• Measurement of the CEνNS cross-section.

- Compatible with the Standard Model prediction and most precise to date.
- Limits on BSM physics.
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Figure 1. The data residual over SSBkg background compared to best fit CEvNS, BRN, and NIN predictions projected
onto the PE (left) and trec (right) axes. The CEvNS distribution has been decomposed into each flavor of neutrino
flux at the SNS.

the total flux of neutrons from each source incident
on the EJ-301 detector. This flux was then prop-
agated through the full shielding into the CsI[Na]
detector to simulate the neutron background. We
assume a power-law BRN flux, � / E�↵. Changes
in the value of ↵ have a negligible e↵ect on the shape
of our background distributions. The NIN spectrum
was estimated using MARLEY [38, 39] tuned to pro-
duction on 208Pb with an incident ⇡DAR spectrum.
After selection, we estimated 18 ± 25% BRN and
6± 35% NIN events in our sample with uncertainty
dominated by the statistical precision of the EJ-301
fit [6]. Together BRN and NIN backgrounds are
small, about 7% of the predicted CEvNS rate.

We performed a binned likelihood fit to data in
both PE and trec. All data events with PE < 60 and
trec < 6 µs were included in the fit. Systematic un-
certainties were included as nuisance parameters in-
cluding shape e↵ects. Uncertainty parameters were
profiled in the fit. We accounted for normalization
uncertainty on each component. The CEvNS un-
certainty is 10%, dominated by the understanding
of the total neutrino flux [32]. We also included a
2.1% uncertainty on the SSBkg normalization due
to a finite sample used to estimate the background.

We also fit five systematic parameters that a↵ect
the shape of our predicted spectra. The timing onset
of the neutrino flux through our detector was allowed
to float without any prior constraint. Uncertainty in
quenching was calculated by a principle component
analysis (PCA) of the covariance matrix from fit to
available data. We identified two impactful uncer-
tainties from the PCA giving a combined 3.8% bias
in our fit. A PCA was also performed on our CEvNS
e�ciency curve from 133Ba calibration data. This re-
sulted in one systematic parameter which is roughly
equivalent to a 1.0 PE uncertainty in threshold and
gives a 4.1% uncertainty. Finally, our form-factor

uncertainty adjusts the neutron radius in CsI, Rn,
by ±5%, which shifts the theoretical CEvNS cross
section by 3.4% and gives a 0.6% uncertainty on our
measured cross section. NSI scenarios would a↵ect
form-factor suppression [40], but this e↵ect has a
negligble impact on constraints and is dropped.
Results: After fitting, we observed 306 ± 20

CEvNS events, consistent with the SM prediction
of 341 ± 11(theory) ± 42(experiment). The best-fit
residual CEvNS spectra in PE and trec are shown in
Fig. 1. The best-fit prediction models the observed
data well with a �2/dof = 82.6/98. No excess is
observed in beam-o↵ data. The cross section aver-
aged over the ⌫µ/⌫e/⌫̄µ flux, h�i�, was determined to
be (165+30

�25)⇥ 10�40 cm2 by a profiled log-likelihood
fit. This is consistent with the SM prediction of
(189± 6)⇥ 10�40 cm2. The observed data reject the
no-CEvNS hypothesis at 11.6 �. See supplemental
material at [URL] to see observed data listed along
with assumptions required to reproduce this result.
Since the SM cross section depends on the weak

charge, the CEvNS cross section can be interpreted
as a constraint on the weak mixing angle at a low
momentum exchange, Q2 ⇡ (50 MeV)2 consistent
with previous results [41]. Our current result im-
plies sin2 ✓W = 0.220+0.028

�0.026 compared to the SM pre-
diction 0.23857(5) [42]. Current constraints at low-
Q2 from atomic parity violation measurements are
much more precise, though a percent-level measure-
ment from COHERENT will be possible within the
future [43]. Additionally, as 133Cs is a commonly
used atom for these studies [44, 45], CEvNS data
can be used to constrain theoretical uncertainties on
nuclear structure assumed in these results [3].
The “flavored” CEvNS cross sections, h�iµ and

h�ie are also measured by exploiting the di↵erences
in timing shapes between the CEvNS contributions
from ⌫µ, ⌫̄µ and ⌫e. This parameter space is a sen-

4

PRL 129 (2022) 8, 081801

Figure 2. Contours for the flavored CEvNS cross section.
The best-fit parameters and the SM prediction, along
with ±1 � error bands from form-factor uncertainty, are
shown as pink markers.

sitive probe of BSM physics such as neutrino-quark
vector NSI which can a↵ect each neutrino flavor dif-
ferently [13]. The flavored CEvNS cross section re-
sult is uniquely possible using a flux from a spalla-
tion sources with beam width less than the muon
half-life. The allowed contour in this parameter
space is shown in Fig. 2. The best-fit scales rela-
tive to the SM are 0.88 and 0.87 for h�iµ and h�ie,
respectively, consistent with the SM.

We used this measurement to constrain heavy-
mediator (mV � Q) neutrino-quark NSI, commonly
parameterized as a matrix of "fij where i, j = e, µ, ⌧
and f = u, d. Existence of NSI could confuse on-
going e↵orts to measure the neutrino mixing matrix
parameters. Notably, it is possible to reverse the in-
ferred neutrino mass ordering from oscillation data
by choosing a suitable set of NSI parameters [14].
Also, NSI allow for additional CP -violating phases
which may bias constraints on �CP [15, 46].

In Fig. 3, we show the constraint on "uee and
"dee with other parameters fixed to 0 compared to
CHARM [47] constraints. This marks a significant
improvement over the previous CsI[Na] constraint
from COHERENT [6] because of an improved pre-
cision result and measuring the flavored cross sec-
tions. There are also NSI constraints determined
from CEvNS data on Ar [8] and Xe [48], though
these limits are currently less precise.

Fig. 3 also shows our sensitivity to "uee and "uµµ.
This combination is directly related to solar neu-
trino oscillation results. In the context of NSI, there

Figure 3. The top plot shows the 90% allowed param-
eter space with "uee and "dee to float while fixing others
at 0, while the bottom shows 1/2/3� contours allowing
"uee and "uµµ to float fixing others to 0. The bottom also
shows parameter space that is compatible with a degen-
eracy in solar neutrino oscillation data that would flip
the inferred neutrino mass ordering.

is a degeneracy in oscillation data between the large
mixing angle (LMA) and LMA-Dark solutions which
di↵er in the ✓12 octant and altering the interpreta-
tion of the neutrino mass ordering [49]. The shape
of the allowed parameter space again highlights the
power of the flavored CEvNS measurement as "u,Vee
and "u,Vµµ only a↵ect the CEvNS cross section for ⌫e-
and ⌫µ-flavor neutrinos, respectively.

Conclusion: We measured the CEvNS cross sec-
tion using the full dataset collected by the CsI[Na]
scintillation detector using a blinded analysis ap-
proach. With doubled exposure and improved un-
derstanding of systematic uncertainties, we have
made the most precise measurement of CEvNS to
date, observing CEvNS at 11.6 � and finding a flux-

5

𝜎 3 = 1654%5678 ×10498 𝑐𝑚%   

Fig. 3. Observation of Coherent Elastic Neutrino-Nucleus Scattering. Shown are residual 
differences (datapoints) between CsI[Na] signals in the 12 µs following POT triggers, and those 
in a 12-µs window before, as a function of their (A) energy (number of photoelectrons detected), 
and of (B) event arrival time (onset of scintillation). Steady-state environmental backgrounds 
contribute to both groups of signals equally, vanishing in the subtraction. Error bars are 
statistical. These residuals are shown for 153.5 live-days of SNS inactivity (“Beam OFF”) and 
308.1 live-days of neutrino production (“Beam ON”), over which 7.48 GWhr of energy (~1.76 x 
1023 protons) was delivered to the mercury target. Approximately 1.17 photoelectrons are 
expected per keV of cesium or iodine nuclear recoil energy (34). Characteristic excesses closely 
following the Standard Model CEnNS prediction (histograms) are observed for periods of 
neutrino production only, with a rate correlated to instantaneous beam power (Fig. S14).  

 

Figure 4 shows an example of CEnNS applications: improved constraints on non-

standard interactions between neutrinos and quarks,  caused by new physics beyond the Standard 

Model (9-11). These are extracted from the maximum deviation from Standard Model CEnNS 

predictions allowed by the present dataset (34), using the parametrization in (30, 33).  

Data-taking continues, with neutrino production expected to increase this summer by up 

to 30%, compared to the average delivered during this initial period. In addition to CsI[Na], the 

134 ± 22 events observed 
173 ± 48 events predicted
 6.7σ significance

Science 357, 1123, 2017



COHERENT Ar measurement

Coherent Elastic Neutrino-Nucleus Scattering

• CENNS-10 Liquid Argon single-phase (scintillation) detector.
- 24.4 kg mass, 20 keVnr threshold.
- CEνNS excess with 3.5σ significance.

• Measurement of the CEνNS cross-section on argon.
- First confirmation of its N2 dependence.

16

PRL 126 (2021) 1, 012002
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FIG. 9. Projection of the maximum likelihood PDF from Analysis B on ttrig (left), reconstructed energy (center), and F 90

(right). The fit SS background has been subtracted to better show the CEvNS component. Bin-bin systematic errors were not
calculated in this analysis.
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FIG. 11. The measured CEvNS flux-weighted cross sec-
tion from this analysis together with the previous results for
CsI[Na] [7] and as expected in the SM as a function of neu-
tron number. Expectations for planned COHERENT target
nuclei are also computed. The form factor (FF) unity as-
sumption is compared to the Klein-Nystrand [52] value that
is used for this analysis with the green band representing a
±3% variation on the neutron radius.

(a) (b)

Figure 2: The COHERENT experiment at the SNS: (a) ⌫-alley layout and (b) a section view of the
CENNS-10 detector.

The CENNS-10 detector (Fig. 2b) consists of a cylindrical 56.7 L LAr chamber, viewed by
two opposing 8” Hamamatsu R5912-02MOD photomultiplier tubes (PMT) that are read out with
a (12-bit, 250 MHz) CAEN 1720 digitizer. In phase-1 running the sides were lined with an
acrylic cylinder, spray-coated with tetraphenyl butadiene (TPB) in dichloromethane to produce a
0.2 mg/cm2 TPB layer, to wavelength-shift the 128 nm LAr scintillation light into the visible range.
The cylinder was 27 cm diameter by 46 cm in length and backed by a Teflon sheet. Acrylic disks
with an evaporatively-coated TPB layer of the same thickness were mounted at the ends of the
cylinder in front of the PMTs forming a fiducial volume of 32 kg.

The light production in this phase-1 arrangement was inadequate, so for phase-2 running the
acrylic cylinder was replaced with a 21 cm diameter TPB-coated Teflon cylinder and the acrylic end
disks were removed and replaced with 2 new PMTs with directly-coated TPB on the front surface.
The Teflon cylinder was evaporatively coated at ORNL and the PMT by Intlvac Thin Film, both to
0.2 mg/cm2. This new configuration formed a smaller active volume of 22 kg, but the light output
was increased by about a factor of 5 (as shown below).

The LAr is liquefied and maintained at temperature with a Cryomech PT-90 pulse-tube cryore-
frigerator. The cold head and associated plumbing is mounted above the detector chamber and both
the detector and cryocooler are enclosed in an insulating stainless steel vacuum vessel maintained
at 1 ⇥ 10�6 Torr. Boil-o� argon gas from the detector is routed through a heat exchanger in the
cryocooler and then to the cold head for re-liquification. The Ar gas system in the cryocooler is
connected to an external gas handling system where it is circulated at ⇡ 5 slpm through a SAES
Zr getter operating at 400� C to remove residual gases providing ⇡ 1 ppm purity. There is also a

– 3 –
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FIG. 3. Projection of the best-fit maximum likelihood probability density function (PDF) from Analysis A on ttrig (left),
reconstructed energy (center), and F 90 (right) along with selected data and statistical errors. The fit SS background has been
subtracted to better show the CEvNS component. The green band shows the envelope of fit results resulting from the ±1�
systematic errors on the PDF.

projected along E, F 90, and ttrig. Extraction of the rela-
tively low-energy CEvNS signal is robust in the presence
of the large prompt BRN background because of the lat-
ter’s much harder spectrum.

We compute the CEvNS flux-averaged cross section on
argon (99.6% 40Ar) from the ratio of the best-fit NCEvNS

to that predicted by the simulation using the SM pre-
diction of 1.8 ⇥ 10�39 cm2. This incorporates the to-
tal uncertainty on the fit NCEvNS along with additional
systematic uncertainties, dominated by the 10% incident
neutrino flux uncertainty, that do not a↵ect the signal
significance. The values are summarized along with ex-
tracted cross section values in Table I. The measured
flux-averaged cross sections are consistent between the
two analyses and with the SM prediction as shown in
Fig. 4. We average the results of the two analyses to ob-
tain (2.2± 0.7)⇥ 10�39 cm2 with uncertainty dominated
by the ⇠ 30% statistical uncertainty on NCEvNS.

This result is used to constrain neutrino-quark NSI me-
diated by a new heavy vector particle using the frame-
work developed in Refs. [3, 10]. Here we consider the
particular case of non-zero vector-like quark-⌫e NSI cou-
plings, ✏uVee and ✏

dV
ee , as these two are the least experi-

mentally constrained. The other couplings in this frame-
work [9] are assumed to be zero. A comparison of the
measured CEvNS cross section reported here to the pre-
dicted cross section including these couplings is used to
determine the 90% CL (1.65 �) regions of NSI parame-
ters as shown in Fig. 5. The same procedure was sepa-
rately applied using our previous CsI[Na] result [7] and
also plotted in Fig. 5. The Ar measurement, with a slight
excess over the SM prediction, favors a slightly di↵erent
region than CsI[Na] and results in a bifurcated region be-
cause the central area corresponds to values of ✏uVee and
✏
dV
ee that yield a cross section somewhat less than the
SM value. The data and predicted background are avail-
able [50] for alternative fits.

Summary — A 13.7 ⇥ 1022 protons-on-target sam-
ple of data, collected with the CENNS-10 detector in the
SNS neutrino alley at 27.5 m from the neutron produc-
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FIG. 4. Measured CEvNS flux-averaged cross section for the
two analyses, along with the SM prediction. The horizontal
bars indicate the energy range of the flux contributing. The
minimum value is set by the NR threshold energy and is dif-
ferent for each analysis. The 2% error on the theoretical cross
section due to uncertainty in the nuclear form factor is also
illustrated by the width of the band. The SNS neutrino flux
is shown with arbitrary normalization.

tion target, was analyzed to measure the CEvNS process
on argon. Two independent analyses observed a more
than 3� excess over background, resulting in the first de-
tection of CEvNS in argon. We measure a flux-averaged
cross section of (2.2±0.7)⇥10�39 cm2 averaged over and
consistent between the two analyses. This is the second,
and much lighter, nucleus for which CEvNS has been
measured, verifying the expected neutron-number depen-
dence of the cross section and improving constraints on
non-standard neutrino interactions. CENNS-10 is col-
lecting additional data which will provide, along with
refined background measurements, more precise results
in near future.
Acknowledgments — The COHERENT collaboration

acknowledges the generous resources provided by the
ORNL Spallation Neutron Source, a DOE O�ce of Sci-

See more in Matthew Green’s talk next



NuESS

Coherent Elastic Neutrino-Nucleus Scattering 17

• New opportunities for CEνNS experiments at the European Spallation Source.
- Flux 8.5 x 1022 𝜈/flavour/y, largest in the next-generation facilities.

• NuESS project combines several detector technologies.
- Cryogenic undoped CsI.
- PPC Ge.
- High-pressure TPC (GanESS) with Ar, Kr, Xe.

• Experiment location identified.
- Studies to measure and simulate neutrons.

• Ongoing detector development.
- Operation expected in 2027.

Leire Larizgoitia, poster #386Francesc Monrabal, Magnificent CEνNS 2024

Cryogenic undoped 
CsI

p-type point contact 
Ge

high pressure gas 
TPC

A COLINA visible 
above the horizon…

ERC-Advanced grant ERC-Starting grant

 Funded detectors (thus far)

Same response… 
Different systematics

Cryogenic undoped 
CsI

p-type point contact 
Ge

high pressure gas 
TPC

A COLINA visible 
above the horizon…

ERC-Advanced grant ERC-Starting grant

 Funded detectors (thus far)

Same response… 
Different systematics

• Steady-state background can be subtracted.  
• Beam-induced prompt neutrons could be the main source 

of background. 
• Simulations undergoing to find locations within the ESS (two 

promising locations under study). 
• Neutron Camera for on-site measurements.

6

Background at the ESS
 CE NS : Large cross section  

+  
ESS : Large neutrino flux  

=    
Small detectors are allowed

ν
Neutrino production at different facilities

European Spallation Source (ESS)

• The largest low-energy neutrino flux of the next generation 

facilities. ~8.5×10   / flavour / year. 

•  production @ ESS is x9.2 @ SNS. 

• Steady-state background can be subtracted. (Great advantage). 

• Diversity of technologies not statistically limited guarantees the 
phenomenological exploitation of the measurements.

22 ν
ν

3J. High Energ. Phys. 2020, 123 (2020)

A new opportunity for CE NSν

Expected CE NS events in a yearν

GanESS detection

~5.8k CEνNS cts/yr

~3.3k CEνNS cts/yr

~3.3k CEνNS cts/yr

~1.7k CEνNS cts/yr

~400 CEνNS cts/yr

M.Jiménez Master thesis24

A  N E W  O P P O R T U N I T Y  F O R  C E N Sν

Lund (Sweden)

It will generate the most intense neutron 
beams for multi-disciplinary science

The ESS will combine the world’s most 
powerful superconducting proton linac 
with an advanced hydrogen moderator

Neutrinos will be produced

22



CEnNS at reactors
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CONUS

Coherent Elastic Neutrino-Nucleus Scattering 19

• Reactor neutrino experiment at 17 m from the 3.95 GWth Brokdorf reactor in Germany.
- Flux 2.3 x 1013 𝜈̅s-1cm-2.
- Took data in 2018-2022.

• Four 1-kg p-type point contact High-Purity Germanium detectors.
- 24 m.w.e overburden, muon veto and passive shielding. 
- Run 1 & 2 data with threshold 300 eVee.

• Complete background characterisation.
• Measurement of the quenching factor for Ge.

Eur. Phys. J. C 82, 815 (2022)

Lindhard theory
k = 0.162 ± 0.004

J
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2
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Spent fuel
storage

pool

Steam
generator

17.1 m

CONUS detector

Reactor
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Steam
generator

Figure 1. Position of the Conus detector set-up within the building of the nuclear power plant at
Brokdorf, Germany. It is located under the spent fuel storage pool at 17.1m distance to the 3.9GW
(thermal power) reactor core. The vertical position of the set-up coincides approximately with the
reactor core’s center. The enlarged image shows the set-up at its experimental site. Within the
shown stainless steel cage, layers of lead as well as pure and borated polyethylen serve as passive
shield around the embedded four HPGe detectors against external radiation and other background
sources. Further, it includes plastic scintillator plates equipped with photomultiplier tubes which
are used as muon veto.
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Fig. 20 The measured background spectrum of C2 is depicted together with the background model in highE range as well as
the lowE range and an even smaller energy range focusing on the ROI for CE⌫NS. The MC spectra from the various background
sources are shown in different colors. The strong increase within the lowE range below 400 eVee is attributed to noise and is
fitted with an exponential two parameter model. For the highE range, reactor ON data were used, as no reactor OFF data is
available.

Janina Hakenmüller, Magnificent CEνNS 2024
Eur. Phys. J. C 83, 195 (2023)



4

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
eeenergy/keV

1−

0.5−

0

0.5

1

(O
N

-O
FF

)/O
N   0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ee
energy/keV

0

50

100

150

200

250ee
co

un
ts

/0
.0

2k
eV

 

data reactor ON
data reactor OFF (scaled)

NS U.L. k=0.162νCE

C2, RUN-5
 

FIG. 3. Reactor on vs reactor off data taken in Run-5 of
the Conus experiment including the obtained upper limit of
CE⌫NS events for the C2 detector.

agreement between experimental data and the Lindhard
prediction was found recently in [22, 23]. In another new
measurement [24], contradicting results were obtained
featuring an unexpected enhancement of the quenching
factor in the sub-keVee region and deviating significantly
from the Lindhard model. In this scenario, the signal ex-
pected in Conus would be larger than in the case of
the Lindhard prediction. The Migdal effect was pro-
posed as a physical explanation for the enhancement.
However, a recent theoretical study demonstrated that
the Migdal contribution is negligible for the currently
running CE⌫NS searches at nuclear reactors with Ge
as target material [25]. Nevertheless, we also incorpo-
rated these quenching measurements from two different
datasets named hereafter iron-filtered and photo-neutron
data [24] in our analysis in order to test them indepen-
dently with our Run-5 data. Following [24], a linear fit
has been used for the iron-filtered data below 1.35 keVnr,
whereas a cubic-like fit was used for the photo-neutron
data. In these fits, the errors on both axes were taken
into account. An overview of the quenching descriptions
considered in this analysis are depicted in figure 4. The

FIG. 4. Quenching descriptions (colored lines) used in the
analysis of this work. The low-energy rise has been mea-
sured in [24], while the Lindhard model has been confirmed
by [22, 23]. For comparison, curves related to the individ-
ual quenching measurements - iron-filtered (Fef) and photo-
neutron (YBe) data - given by [9] are shown in gray. The
mean effective threshold of the Conus detectors is represented
by a vertical dashed line, assuming the Lindhard model.

TABLE II. Predicted signal events for the Run-5 exposure of
426 kg d and experimental constraints for different quenching
descriptions extracted from a one-sided hypothesis test.
quenching description prediction Run-5 limit (90% C.L.)
Lindhard (k=0.162 [22]) 91+11

�9 143
linear low E excess [24] 645+59

�90 99
cubic low E excess [24] 115+13

�11 122

systematic uncertainties related to energy calibration and
the PSD parameters have small or negligible impact on
the result.

As listed in table II, the predicted combined number
of CE⌫NS events in the three detectors of the Run-5
dataset is (91+11

�9
) assuming a quenching following the

Lindhard theory with a quenching parameter of k =
(0.162±0.004) as determined in [22]. From the combined
likelihood fit we obtain an upper limit of 143 antineutrino
events at 90% C.L., which corresponds to < 0.34 sig-
nal events kg�1 d�1 and is less than a factor two above
the SM expectation. This corresponds to a sensitivity
improvement of an order of magnitude as compared to
the previous Conus analysis [12] with Run-1 and Run-2
data and represents the current world-best limit for reac-
tor experiments. Our new result strongly profits from the
lower energy threshold of 210 eVee and the higher reactor
off statistics.

In table II, additional signal predictions and con-
straints derived from the Conus data are listed assum-
ing an enhanced quenching factor towards lower energies.
From this table, it can be seen that descriptions following
the quenching data deviating from the Lindhard theory,
in particular the ones determined with the iron-filtered
neutron beam preferred in [9], lead to predictions for the

CONUS

Coherent Elastic Neutrino-Nucleus Scattering 20

• Improvements in run 5 before decommissioning in 2022: 
- Improved trigger efficiency and temperature stability. 
- New pulse-shape discrimination. 
- Threshold down to 210 eVee.

• Best limit on CE𝜈NS in the fully coherent regime using the 
full dataset at 2x the SM. 
- Good reactor-off exposure.

• Expect update on limits of Nonstandard Interactions.
• Quenching factor comparison.

- NCC-1701 at Dresden-II QF in tension with CONUS result.

Eur.Phys.J.C 84 (2024) 139

Manfred Lindner, poster #244

arXiv: 2401.07684 
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FIG. 3. Reactor on vs reactor off data taken in Run-5 of
the Conus experiment including the obtained upper limit of
CE⌫NS events for the C2 detector.

agreement between experimental data and the Lindhard
prediction was found recently in [22, 23]. In another new
measurement [24], contradicting results were obtained
featuring an unexpected enhancement of the quenching
factor in the sub-keVee region and deviating significantly
from the Lindhard model. In this scenario, the signal ex-
pected in Conus would be larger than in the case of
the Lindhard prediction. The Migdal effect was pro-
posed as a physical explanation for the enhancement.
However, a recent theoretical study demonstrated that
the Migdal contribution is negligible for the currently
running CE⌫NS searches at nuclear reactors with Ge
as target material [25]. Nevertheless, we also incorpo-
rated these quenching measurements from two different
datasets named hereafter iron-filtered and photo-neutron
data [24] in our analysis in order to test them indepen-
dently with our Run-5 data. Following [24], a linear fit
has been used for the iron-filtered data below 1.35 keVnr,
whereas a cubic-like fit was used for the photo-neutron
data. In these fits, the errors on both axes were taken
into account. An overview of the quenching descriptions
considered in this analysis are depicted in figure 4. The

FIG. 4. Quenching descriptions (colored lines) used in the
analysis of this work. The low-energy rise has been mea-
sured in [24], while the Lindhard model has been confirmed
by [22, 23]. For comparison, curves related to the individ-
ual quenching measurements - iron-filtered (Fef) and photo-
neutron (YBe) data - given by [9] are shown in gray. The
mean effective threshold of the Conus detectors is represented
by a vertical dashed line, assuming the Lindhard model.

TABLE II. Predicted signal events for the Run-5 exposure of
426 kg d and experimental constraints for different quenching
descriptions extracted from a one-sided hypothesis test.
quenching description prediction Run-5 limit (90% C.L.)
Lindhard (k=0.162 [22]) 91+11

�9 143
linear low E excess [24] 645+59

�90 99
cubic low E excess [24] 115+13

�11 122

systematic uncertainties related to energy calibration and
the PSD parameters have small or negligible impact on
the result.

As listed in table II, the predicted combined number
of CE⌫NS events in the three detectors of the Run-5
dataset is (91+11

�9
) assuming a quenching following the

Lindhard theory with a quenching parameter of k =
(0.162±0.004) as determined in [22]. From the combined
likelihood fit we obtain an upper limit of 143 antineutrino
events at 90% C.L., which corresponds to < 0.34 sig-
nal events kg�1 d�1 and is less than a factor two above
the SM expectation. This corresponds to a sensitivity
improvement of an order of magnitude as compared to
the previous Conus analysis [12] with Run-1 and Run-2
data and represents the current world-best limit for reac-
tor experiments. Our new result strongly profits from the
lower energy threshold of 210 eVee and the higher reactor
off statistics.

In table II, additional signal predictions and con-
straints derived from the Conus data are listed assum-
ing an enhanced quenching factor towards lower energies.
From this table, it can be seen that descriptions following
the quenching data deviating from the Lindhard theory,
in particular the ones determined with the iron-filtered
neutron beam preferred in [9], lead to predictions for the

Dresden-II data: PRD 103 (2021) 122003

 M
.P

. G
re

en
 | 

Ex
p.

 S
um

m
ar

y 
| M

ag
7s

 2
02

4

CONUS

• 4 PPC Ge detectors, total 4kg 
• 250eVee threshold 
• Brokdorf: 3.9 GW, 17.1 m 
• Shutdown of Brokdorf: 

“opportunity” to measure 
ample reactor-off data, move 
to new site. 

•

5J. Hackenmüller
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CONUS Run-5 results

Run-1/Run-2 Run-5

ON/kg*d 248.7 426

OFF/kg*d 58.8 272

threshold/eV
ee

296-348 210

Limit (k=0.162) factor 17 > SM factor 2 > SM

signal prediction:    92+-10, 
upper limit:          <163 (90% C.L.) arXiv:2308.12105
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CONUS experiment – reactor & detectors

commercial nuclear power plant Brokdorf, Germany 
● maximum thermal power: 3.9 GW 
● distance to core: 17.1 m 

4 x high-purity point-contact Germanium spectrometer:
● crystal / active mass: total: 4.0kg / 3.74kg 
● pulser resolution <80eV

ee

energy threshold ≤250eV
ee

● electrical cryocooler
● screening for radiopurity
   
Eur. Phys. J. C 81, 267 (2021)

Eur. Phys. J. C (2019) 79:699

Neutrino source: (2018-2022)

Detectors with low energy threshold:

2*1013 ν/cm2s 

241Am
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CONUS experiment - backgrounds

Location:
● overburden to shield 

muons
● potential reactor-correlated 

background: 
neutrons, gamma-rays
→ site characterization

Cryostat:
●

210Pb related to soldering
● cosmic activation of Cu 

24m w.e.

Diode:
● active volume

and transition 
layer → partial
energy depositions

● cosmic activation 
of Ge => ~10cts/d/kg in [0.5,1]keV

ee

11 t, 1.6 m3

Shield:
● suppression of

external radiation
● target for µ‘s to create 

secondary radiation
● intrinsic radiopurity: 

Pb layers

Complete
background
model!

Eur. Phys. J. C 83, 195 (2023)
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Magnificent CEvNS 2024                 University-Enterprise Foundation of the University of Valencia           June. 2024

Status of the CONUS+ experiment

Kaixiang Ni – On behalf of the CONUS+ collaboration

• CONUS moved to 20.7 m from the 3.95 GWth Leibstadt reactor in Switzerland.
- Flux 1.45 x 1013 𝜈̅s-1cm-2.
- Started running in Nov 2023. First reactor-off data in May 2024.

• Detector, shielding and DAQ upgrade.
- Threshold reduced to 150 eVee.

• Environmental background characterised.
• Working on full background modeling.
• Expect 10x larger signals than CONUS: 580 𝜈/det/y.

Kaixiang Ni, Magnificent CEνNS 2024

Edgar Sánchez García, poster #243

Detector and shield upgrade 

2024/6/12 Magnificent CEvNS 2024 6

Ge crystal: reduced point-contact size
ASIC: higher trigger efficiency at low 
energy. 
Cryostat: water-cooled to reduce 
vibration and microphonic noise.
Muon veto: lead layer replaced by 
additional plastic scintillator layer.
DAQ: waveform sampling for Ge (4 
channels), and muon veto (40 
channels).

Detector and shield upgrade 

2024/6/12 Magnificent CEvNS 2024 6

Ge crystal: reduced point-contact size
ASIC: higher trigger efficiency at low 
energy. 
Cryostat: water-cooled to reduce 
vibration and microphonic noise.
Muon veto: lead layer replaced by 
additional plastic scintillator layer.
DAQ: waveform sampling for Ge (4 
channels), and muon veto (40 
channels).

Preliminary data (Reactor ON)

2024/6/12 Uni. Zaragoza 11

Background components: 
• Radon
• Muon

• Induced neutron (fast)
• Cosmogenic isotopes 

• Induced X-ray on Pb
• Reactor correlated neutrons (thermal)

• Induced Ge metastable states
• Material contamination (210Pb, Co) 

lower than KBR
(Low energy)
• X-Ray from cosmogenic isotopes 

Precise modeling of background 
compositions ongoing!

Radon(Pb214)71mGe75mGe

73mGe

Pb X-ray

73mGe

68Ge/71Ge
65Zn

68Ga

L-shell

K-shell

e+
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• Reactor neutrino experiment at 11 m from the 3.1 GWth Kalinin reactor in Russia.
- Flux up to 4.4 x 1013 𝜈̅s-1cm-2.
- Distance to reactor can be varied 11-12.5 m.

• 1.5-kg p-type point contact High-Purity Germanium detector.
- 50 m.w.e. overburden, muon vetoes, antivibration platform.

• Preliminary limits on CE𝜈NS with 2022-2023 data.
- Taking data with improved conditions since 2022.
- Implementing modifications to reduce background at low energy.
- Limits at 5x SM (if CONUS QF) or 2x SM (if Dresden QF).
- Analysing 1500+ kd-days of data.
- Plans to improve sensitivity: background model, threshold, DAQ.

Status of the GeN experiment

A.Lubashevskiy1,2 on behalf of the GeN collaboration
1Joint Institute for Nuclear Research, Dubna, Russia

2Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

22.03.2023 M7, A.Lubashevskiy 1

Reactor unit #3 @ KNPP

GeN

• Spectrometer GeN is located under the reactor 
unit #3 (3.1 GWth – thermal power)

• Distance to the center of the reactor core is about 
11 m, this gives  41013 /(seccm2)

• Overburden  50 m w.e.  good shielding against 
cosmic radiation due to reactor’s surrounding

• Good support from KNPP administration 

Typical regime:
ON: 18 months
OFF: 2 months

22.03.2023 M7, A.Lubashevskiy 5
iDream

KNPP #3

2

FIG. 1. Scheme of the ⌫GeN shielding. Top view.

The current distance from the detector to the center of
the reactor core is 11.835 m, where the neutrino flux is
3.9·1013 cm�2s�1 according to calculation method in [15].
The closer position to the reactor core with a higher neu-
trino flux is planned to be explored as well. This neu-
trino intensity is several times higher in comparison to
other groups worldwide, except the sideway site of the
Dresden II reactor [16]. Moreover, the available place
at KNPP is located just under the reactor, which to-
gether with surrounding materials provides about 50 m
w.e. shielding from cosmic rays [17].
Custom-designed high purity germanium detec-

tor made by Mirion Technologies (Canberra Lingol-
sheim) [18] is used to detect CE⌫NS. It has been specially
produced to achieve energy threshold as low as possible
by taking into account low-radioactivity requirements.
First measurements at KNPP were performed with the
Ge detector with an active mass of 1.41 kg. The germa-
nium crystal has a cylindrical shape with a diameter of
70 mm and height of 70 mm. The detector is installed in-
side the cryostat made of low background aluminum and
copper. It is equipped with an electrically powered pulse
tube cooler model Cryo-Pulse 5 Plus [19]. The cooling
temperature of the detector was optimized to the value
of �185�C.
The system of passive and active shielding has been

built around the detector to suppress ambient back-
ground (see figure 1). The most inner part of the shield-
ing is made of 3D printed nylon in order to get rid of
radon. The further layers are 10 cm of oxygen-free cop-
per, 8 cm of borated (3.5%) polyethylene, 10 cm layer of
lead, another layer of 8 cm of borated polyethylene, and
a 5 cm thick active muon veto made from plastic scintil-
lator panels. Radon level inside the shielding is further
decreased with the help of expulsion by nitrogen. The
experimental site has various vibrations coming from the

FIG. 2. Scheme of the acquisition system.

reactor equipment. Therefore, the detector is placed on
an active anti-vibration platform TS-C30 [20].
Ionization energy losses inside the HPGe detector re-

sult in a charge, collected on the electrodes. The charge
is converted into voltage amplitude pulses by integrated
cold and warm electronics. The electronic feedback re-
sets the accumulated charge after a certain level. Even
in near-zero background conditions, i.e. without signals,
the leakage current through the detector causes the out-
put to drift, requiring a reset. Thus, the reset frequency
depends on the sum of the detector leakage current and
the counting rate. For the ⌫GeN detector, the reset rate
is about 5 Hz. Figure 2 shows a diagram of the com-
ponents involved in data acquisition. The preamplifica-
tion cascade is equipped with two similar amplitude out-
puts (OUT E and OUT E2). Additionally, during the
reset, a logical Inhibit signal is generated. Information
about each event corresponding to its energy together
with timestamps is produced by the multichannel analog
to digital converter CAEN VME Realtime ADC V785N.
A positive signal suitable for use with the ADC is pro-
vided by spectroscopic shaping amplifiers. The primary
purpose of the ⌫GeN experiment is to perform spectro-
scopic measurements in the energy region where CE⌫NS
signal can be detected, i.e. few hundred eV range (elec-
tron energy scale). During a preliminary set of measure-
ments, it has been found that the lowest energy threshold
and best energy resolution are achieved with 6 µs shap-
ing time. Each of the E outputs of the preamplifier is
connected to two ORTEC 672 spectroscopic amplifiers
(four in total). The main energy spectrum is a result of
averaged signals processed by amplifiers with the 6 µs
shaping tuned for measurements below ⇠13 keV. Com-
parison of the signals obtained with di↵erent amplifiers
(same and di↵erent shaping times – 6 and 10 µs) allows
e�cient noise discrimination [21], [22]. Additionally, a
wide energy region up to 700 keV is measured with OR-
TEC 672 amplifier (labeled HE at figure 2). Timestamps

Alexey Konovalov, Magnificent CEνNS 2024

CONUS QF (Lindhard
k=0.162)
Dresden QF (FeF, 
modified Linhard k=0.157)
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• Reactor neutrino experiment at 28 m from the 2.9 GWth Kuo-Sheng reactor in Taiwan.
- Flux 6 x 1012 𝜈̅s-1cm-2.
- 24 m.w.e overburden, muon veto and passive shielding. 

• Six p-type point contact High-Purity Germanium detectors.
- Took data since ~2003.
- 1.43 kg electro-cooled detector.
- Threshold 200 eVee.

• Working on completing the analysis.
- 135Xe reactor-on background subtraction.
- Preliminary limit at 4.2x SM for Lindhard QF k = 0.157.

• Long reactor-off period till 2025. 500/800+ kg-days of on/off data.

Henry Wong, Magnificent CEνNS 2024 

135Xe Background and Correction

70 kg-day
50 kg-day

; Time Variation of Xe135 LE flat continuum background correlated with 250-keV peak
; Accurately measured LE background to subtract in ON—OFF residual spectra
; At 200-eV threshold,  Xe-continuum  ~3% of  PHYS--Reactor ON counts 

“Preliminary”(Intermediate) Results Presented at TAUP-2023
; Reactor ON/OFF:  65/438 kg-days  G3++
; ʌ : ratio of measured to SM cross-sections
; ϯʍ�ĂůůŽǁĞĚ�ĨŽƌ�k from QF measurement d
; TEXONO [with 200 eV threshold]
# @90%CL Upper Limit :

ʌ < 4.2 @  Lindhard SM k=0.157

CONUS Latest Results [arXiv2401]

U <  2    at SM-k
[ Similar experimental performance, 
but T with lower flux, less mass ]

� June 2024:  Despite being an original target & hard efforts by the team [towards 
completing 245/560 kg-days G3++ ON/OFF data], we are not ready to update these 
results.  Apologies !  

  

Generation Mass (g) Pulsar FWHM (eV
ee

) Threshold (eV
ee

)

G1 500 130 500

G2 900 100 300

G3
500 70 200

900 70 ~230

G3+ 1430 ~60 ~160

G3++ 1430 70 200

G4 900 <70 <200

LN
2

Point-Contact HPGe Detector @ TEXONO

G1 G2 G3,G4

Electro-
cool

Electro-cooled

pPCGe

(0.5,0.9,1.43 kg)

nPCGe

 (0.5 kg)

Custom Cold-tip temp.

Compact Design

Real-time monitoring

No LN
2
 required

Less micro-phonic noise
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• A new reactor neutrino lab at the 3.4 GWth Sanmen reactor in China.
- Positions at 22 m / 11 m / 7 m.
- Flux over 1.4 x 1013 𝜈̅s-1cm-2.
- Possibility for near/far joint analysis.
- Background measurements ongoing.

• RECODE experiment: PPCGe.
- LN cooling (FS), electric cooling (NS/VNS). 
- 1/10 kg based on CDEX-1/10, 160 eVee.
- First data in 2025.
- Plans to measure Ge quenching factor.

• RELICS experiment: LXe TPC.
- 32 kg fiducial mass, at FS.

Litao Yang, Magnificent CEνNS 2024

Sanmen Nuclear Power Plant (AP1000) @ Taizhou, Zhejiang, China
Thermal power 3.4 GWth, ~22m /11m /7m from the core
Neutrino flux > 1.4 × 1013 cm-2s-1

4

Sanmen Reactor Neutrino Laboratory

Far Site (~22m)

Sanmen

5

Project Location

Outside of reactor 
containment

Inside of reactor containment
（NS: 11m; VNS: 7m）

Solid combination shielding: 
copper, lead, polyethylene, etc.

Large volume
water shielding: 

10m(L)*6.5m(W)*6m(H)

Near Site (~11m)

Very Near Site (~7m)

Far Site (~22m)

17

RECODE Near Site/Very Near Site

Electric cooled HPGe

Advantages of electrical cooled HPGe: 
 No need to regularly replenish liquid nitrogen

 Controllable crystal temperature

 Real-time monitoring of Refrigerator performance

 Good long-term stability

From HT Wong

RELICS
 RELICS（REactor neutrino LIquid xenon Coherent elastic Scattering）

21

Details in arXiv: 2405.05554

RELICS
 RELICS（REactor neutrino LIquid xenon Coherent elastic Scattering）

21

Details in arXiv: 2405.05554

 From outer to inner (Preliminary):
 Muon veto detector
 Boron doped polyethylene (BPE)
 Lead (Pb)
 Coper (Cu)
 Polyethylene (PE)
 Coper (Cu)

18

Preliminary Design of the shielding (Near Site)
 Shielding design and optimization (Near Site)
 Anti coincidence efficiency of Cosmic ray:>99%
 Gamma current strength: reduced by 5 orders of magnitude
 Neutron current intensity: reduced by 3 orders of magnitude
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• Reactor neutrino experiment at 30 m from the 3.95 GWth Angra 2 reactor in Brazil.
- Flux 7.8 x 1012 𝜈̅s-1cm-2.

• Thick scientific silicon Skipper-CCD detectors.
- Multiple non-destructive measurements of pixel charge.
- 2 sensors of 0.5 g total mass.
- Took data in 2021-2023.
- Lower background and 15 eVee threshold.

25

Thresholds:
2018 – 75 eV
2019 – 50 eV
Skipper – 15 eV

noise = 0.15 e-

arXiv: 2403.15976



• Searches for CEνNS and BSM physics:
- CEνNS limit at 76x SM with 18.4 g-days.
- Limit on light vector mediator.
- Limit on DM direct detection by diurnal modulation.
- World leading limit on millicharged particle production –   

joint analysis with the Atucha-II experiment.
• Multi-chip-module installed in May 2024, 32x more mass.

CONNIE

Coherent Elastic Neutrino-Nucleus Scattering 26

CONNIE skipper
CONNIE 1x1
COHERENT
CONUS
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CONNIE & Atucha-II

TEXONO

poster #410arXiv: 2405.16316

arXiv: 2403.15976
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• Reactor neutrino experiment at 23.7 m from the 2.8 GWth Hanbit 6 reactor in Korea.
- Flux 7.1 x 1012 𝜈̅s-1cm-2.

• 16.7-kg scintillator NaI[Tl] detectors.
- Lower cross-section but higher recoils in Na, 24 PE/keV yield.
- Passive and active shielding, detector improvements.
- Energy threshold 200 eVee.

• Taking data since Apr 2022.
- Preliminary limits on ALPs and DM.
- ML for background reduction.
- Tests with multiple-hit events, will be applied to single-hit.

3IBS, UST 03/22/23 Byungju Park Magnificent CEvNS 2023

NEON collaboration

Neutrino Elastic scattering Observation with NaI (NEON) is  
an experiment that aims to observe CEνNS from the reactor  

anti-electron neutrinos.

4IBS, UST 03/22/23 Byungju Park Magnificent CEvNS 2023

NaI(Tl) target detector
NaI(Tl) Crystal detectorNEON in reactor site

COHERENTNEON

Required detector performance 

• Enough size of detector

• Low background

• Low energy threshold

• High light yield (LY)

6

NEON experiment Site

IBS, UST 03/22/23 Byungju Park Magnificent CEvNS 2023

Installed in Nov. 2020

Young Ju Ko, Magnificent CEνNS 2024 Byoung-cheol Koh, poster #493
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Physics�data

physics waveform

§ Site : Hanbit Nuclear Power Plant Unit 6 Tendon gallery
   23.7-m baseline & 20-m.w.e overburden
§ Reactor power : 2.815 !"!"
§ Neutrino(#$#) flux at NEON site : 8.1 × 1012 %&$%'$&

Republic of Korea H a n b i t  N u c l e a r  P o w e r  P l a n t , Ye o n g g w a n g

Neutrinos are produced in beta decays of fission fragments.
• Single flavor ("̅!, electron anti-neutrino) 
• High flux : 10"#~10"$	"/cm#* 
• +%< 10 MeV → fully coherent regime
• Clean in background, active and passive shielding
• Recoil energy is less than few keV.
• Signal quenched à Require very low threshold

Neutrino Elastic scattering Observation with NaI[NEON] is an experiment
designed to detect coherent elastic neutrino-nucleus scattering[CE!NS] using reactor electron antineutrinos

About the NEON experiment

Detector Mass
(kg)

Size
(inch, D X L)

Light yield
w/o low gain

(PEs/keV)

Light yield
w/ low gain
(PEs/keV)

DET-1 1.67 3 X 4 22.0 ± 0.4 25.3 ± 0.6

DET-2 3.34 3 X 8 25.6 ± 1.1 27.8 ± 1.4

DET-3 1.65 3 X 4 21.8 ± 0.5 23.3 ± 0.9

DET-4 3.34 3 X 8 23.7 ± 0.4 25.4 ± 0.7

DET-5 3.35 3 X 8 22.4 ± 0.5 23.6 ± 0.8

DET-6 3.35 3 X 8 25.0 ± 0.5 27.9 ± 0.7

Details of crystal information

Background Modeling

Light Dark Matter

※�meters�water�equivalent

Axion-Like ParticlesDark Sector Particle Search

Crystal Detector Performance

(Invisible)

qNaI(Tl) Crystals
§ 6 NaI(Tl) detectors

(total mass of 16.7 kg)
§ Encapsulation R&D

for increasing light yields[LY].
• ~15 PEs/keV [COSINE-100]

→ ~23 PEs/keV [prototype encasing]
→ ~23.7 PEs/keV [DET-2]

§ Enhancing LYs to lower the energy 
threshold.

§ The crystals’ LYs remained stable.

※�PEs�:�Photoelectrons

DET-4 light yield monitoring

Inner structure Copper case

Experiment Site

Reactor 
Core
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Byoung-cheol Koh
Dept. of Physics, Chung-Ang University

On behalf of the NEON collaboration

Reactor On
Physics run (~ 92.3% DAQ efficiency)

Off OnSep. 26. 2022 Feb. 22. 2023

Apr. 8. 2022

Status of Neutrino Elastic-scattering Observation 
with NaI(Tl) experiment

NEON Proposal 
[Eur. Phys. J. C 83, 226]

Waveform Simulation
[arXiv:2402.17125]

Crystal Encapsulation
[arXiv:2404.03691]

NaI Quenching Factor
[arXiv:2402.15122]

NEON Status

Physics data taking 
since April 2022.
Engineering run for (May 2021 ~ April 2022)

• 92.3% DAQ efficiency
• exposure : 11142.2 kg x day

Ø  ON / OFF data : 523.2 / 144 days

Should you have any questions, 
please feel free to contact us.
Ø E-mail : bckoh0719@gmail.com

• CEνNS was predicted by Daniel Z. Freedman. [Phys. Rev. D 9, 1389] (1974)

• First measurement by the COHERENT collaboration using 
spallation neutron source. [Science 357, 1123-1126]  (2017)

• First measurement of CEνNS on Argon by the COHERENT 
collaboration. [Phys. Rev. Lett. 126, 012002] (2021)

• Measuring CEνNS has not been achieved by reactor neutrino.
[ differential cross section ]
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5- 	: Fermi constant
T : nuclear recoil kinetic energy
M : mass of nucleus
Q = momentum transfer
9., 	~	;, : weak nuclear charge

9. = 1 − 4@AB,C. D − ;
E, 9  : Form factor (F	= 1, full coherence)
; : neutron number
D : proton number

Simulated�data

simulation waveform

Data acquisition

Waveform Simulation

Waveform Simulation

PMT gain
DAQ Specification
Trigger condition

SPE shape
SPE timing
Probability

• DM mass below few MeV/c2

• Massive gauge boson (vector portal)
• Dark photon mixes kinetically(ε) 

with  Standard Model particles.
• LDM produced by dark photons provides 

strong constraints in the keV mass range.

• Extension of the QCD axion
• Interacting with leptons 

from the SM and EM field
• Axion-Like Particle(ALP) searches in NEON 

cover “cosmological triangle”.

Total ON-OFF Energy Spectrum with Fit Result[DM mass, 1e] plane (90% C.L.)

arXiv:2402.17125

COHERENT Collaboration
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Sideband background data agrees well with Geant4 detector simulation.
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§ BDT for high energy region (≳ 0.6 keV)

Background signal spectrum
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BDT output distribution (≳ 0.6 keV)
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The data is being analyzed by separating it into high and low energy regions
§ MLP for low energy region (≳ 5 PEs)

• high μ rate → phosphorescence
• Off-line dead time ➞ Dead time w/ high energy event

Ø ~50% efficiency & 92~96% rejection

• Variables 
• Time difference(Δt)
• Cluster charge
• Charge asymmetry

q1 q2 q3 qN

Number of Cluster (Nc) = NΔt21
ΔtN1

Example of Δt

Cluster

§ Extraction of scintillation signals
• Chi-square formula

• 1% for exposure time σt
• Testing w/ multiple-hit events for bias check
• Extraction w/ single-hit events will be done soon
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• Reactor neutrino experiment at 19 m from the 3.1 GWth Kalinin 
reactor in Russia.
- Flux 1.35 x 1013 𝜈̅s-1cm-2. 
- 65 m.w.e. overburden.

• 200-kg liquid Xenon two-phase emission detector.
- Sensitive to single ionisation electrons SE.

• Data analysis will be completed soon.
- Background characterisation and detector calibration.
- Investigating background excess, threshold 4.5 SE.
- Sensitivity depends strongly on charge fluctuation model. 

• Plans to substitute LXe for LAr, higher recoil energies.

• Two-phase noble 
gas emission 
detector
• Contains ∼200 kg of 

LXe (∼ 100 kg in FV)
• 26 PMTs 

Hamamatsu 
R11410-20 (19 in 
top PMT array, 7 in
bottom PMT array)
• Thermosyphon-

based cooling 
system (LN2)

LN2 Dewar

Xe storage
electronics

Ti cryostat

break-out-box

Thermosyphon 
control

purification 

RED-100 detector

Titanium 
cryostat

Top PMT 
array

Bottom PMT 
array

Electrodes
&
field shaping rings

Sensitive 
volume LXe

RED-100

322.03.2023 Rudik Dmitrii, RED-100 experiment

Typical single electron (SE) signal in RED-100

Two-phase emission detector technique

4

By LUX Collaboration

Photodetectors

(photomultipliers)

Sensitive to the single ionization electron
(SE) signal. CEvNS response is expected
to be of several electrons.

22.03.2023 Rudik Dmitrii, RED-100 experiment

Olga Razuvaeva, Magnificent CEνNS 2024 O. Razuvaeva, poster #582
● higher nuclear recoils energies → more 
electrons per CEvNS event
● ~100% ЕЕЕ
Engineering tests are ongoing
— PMTs were coated with TPB
— the cooling system was upgraded
— the extraction field was raised to 5kV/cm
— LY and SE study is ongoing

RED-100/LAr

Xe and Ar nuclear 
recoil spectra

Charge Yields in LAr RED-100 PMT 
coated with TPB

12

Plans:
— test in the lab. with full shielding
— 39Ar and 85Kr level measurements
— calibration with 37Ar

Overview LXe results

●the possibility of the detector operation 
with stable parameters at NPP was 
demonstrated
●threshold 4.5 SE
●the sensitivity to single ionization electrons 
was shown (SEG = 27.4±0.03 SPE/SE)
●advanced data analysis methods were 
applied
●~190 times background suppression in ROI 
(~16 times signal suppression) (NEST 
fluctuations)
● unexpectable pointlike background in ROI
● significant result dependence on the 
fluctuation model

11

100 days reactor OFF livetime requires 
at least 10 years detector exposition at 
the KNPP

our conditions

extrapolation

with optimistic Poisson fluctuations:

preliminary

DANSS

RED-100

νGeN

iDream

● 19 meters from the reactor core
● reactor core, building&infrastructure works as a 
passive shielding from cosmic muons
● 70 cm of passive water shielding from neutrons
● 5 cm of copper passive shielding from gammas
● Antineutrino flux at place ∼ 1.35*1013 cm-2s-1

● 65 m.w.e. in vertical direction

● 2020 RED-100 was shipped to 
KNPP
● 2021 Deployed and tested
● 2022 (Jan-Feb) Physical run
● reactor OFF and reactor ON 
periods

Akimov D. Y., et al. JINST 17.11 (2022), T11011

WWER-1000 reactor:
— thermal power ~3000MW

Design of the RED 100 passive shielding. 
1 — LN2 tank, 2 — support frame, 3 — water 
tank, 4 — Cu shielding, 5 — Ti cryostat of the 
RED-100

3

RED-100 at Kalinin NPP 3



Ricochet
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• Reactor neutrino experiment at 8.8 m from the 58 MWth ILL reactor in France.
- Flux 1.6 x 1012 𝜈̅s-1cm-2. 
- 15 m.w.e. overburden.

• Two types of cryogenic calorimeter detectors.
- CryoCube: Ge crystals with ionisation and heat readout.
- Particle ID based on ionization/heat ratio.
- Q-Array: Superconducting crystals with TES, R&D.

• Started commissioning run at the ILL reactor in 2024.
- Expect to start neutrino run in spring 2025 with 680 g.
- Predicted S/B = 1 and 7 on-off cycles nominal exposure.

Nicolas Martini, Magnificent CEνNS 2024

Enectali Figueroa-Feliciano \ NuInt São Paulo \ April 2024 28

• 58 MW nominal thermal 
power 


• Located ~9 m from reactor 
core


• ~11 evts/day/kg (50 eV 
threshold)


• 3 to 4 cycles per year: 
excellent ability to subtract 
uncorrelated backgrounds


• Significant overburden (~15 
m.w.e) to reduce cosmics


• Ricochet commissioning 
at ILL started February 
2024!

Institut Laue-Langevin (ILL)  Nuclear Research Reactor

10.1140/epjc/s10052-022-11150-x
10.1140/epjc/s10052-024-12433-1

8.8 mTHE RICOCHET EXPERIMENT: CRYOCUBE + Q-ARRAY TALK BY NICOLAS MARTINI

Ricochet aims to build a low-energy reactor
neutrino observatory at the ILL reactor in
France.
• A double cryogenic detector payload:
Cryocube (Germanium crystals) and
Q-Array (Superconducting crystals).

• Modular kg-scale detector
• Complementary technologies with
Discrimination between electronic (ER)
and nuclear recoil (NR)

• Active R&D with the first phase started
neutrino data taking in early 2024.

Wouter Van De Pontseele 1

Jiatong Wang, poster #614
Valentina Novati , poster #339

CryoCube detectors

4

FID38

Particle ID based on Ionization/Heat ratio 
Q = Eion/Erecoil

● Electronic recoils : Q = 1
● Nuclear recoils : Q ~ 0.3 (Lindhard)

Nicolas Martini - Magnificent CEvNS 2024

Planar :
Fiducial volume 
= 98.6%

No surface 
events rejection

FID :
Fiducial volume 
= 62%

Surface events 
rejection

Final detector design will be based on 
on-site data-driven CEvNS sensitivity 

Commissioning @ ILL

12Nicolas Martini - Magnificent CEvNS 2024

RUN014, Cold and taking data since May 2024:
Goal : Characterize backgrounds with

 full shielding and improved vibration levels, 
towards first data-driven CEvNS sensitivity

Inner shielding:

- PE/Screen: 3x8 mm, 50 cm
- Lead + Copper stack: 15 cm
- PE + Copper stack: 30 cm
10.5 days to cool down @ 1K

Detector calibration and
charge trap neutralization:

Optical fibers + LASER

CryoCube specifications

5

MiniCryoCube: 
3 Ge bolometers with their cold electronics (1 K)

CryoCube (Spring 2025): 
3 MiniCryoCubes per level, 

2 levels
→ Array of 18 x 38 g 

@ ~10 mK

● Heat resolution: 
20 eV (RMS)

● Ionization resolution: 
20 eVee (RMS)

● Timing resolution:
~100 us @ 100 eV

● Detector payload: 
680 g 

● Two detector technologies:
planar and FID electrodes

→ Achieve Particle ID down to 
O(10) eV with a rejection > 103

Paper on Ionization performances 
of the MiniCryoCube: 
RICOCHET Coll. EPJC 84 (2024), 186

Nicolas Martini - Magnificent CEvNS 2024

MiniCryoCube of 3 Ge bolometers at 1 K, 
38 g each



Status of the NUCLEUS experiment                                                                                                                                                                                                        Elisabetta Bossio (CEA)

Passive shielding
Outer shielding: 

5 cm lead + 20 cm borated polyethylene 

Movable mechanical structure to allow easy access to cryostat 

Background reduction of ambient gammas, atmospheric and 
secondary neutrons 

Inner shielding:  

Extension of the outer shielding inside the cryostat: cryogenic 
muon veto + lead + borated polyethylene 

Additional 4 cm boron carbide (B4C) layer around detectors 
for slow and thermal neutron reduction 

9

External shielding fully commissioned and in place 
Full thermalisation of internal shielding (~50 kg of 
PE, Pb, Cu, CMV) achieved within 11 days.

NUCLEUS

Coherent Elastic Neutrino-Nucleus Scattering 30

• Reactor neutrino experiment at 72, 102 m from the 2x4.5 GWth Chooz reactors in France.
- Flux 1.7 x 1012 𝜈̅s-1cm-2 in a basement room in Very Near Site.

• Two types of cryogenic calorimeter detectors with TES readout.
- Al2O3 for background, CaWO4 for CEνNS, 10 g, from 20 eV.
- Silicon wafers with TES inner veto, HPGe outer veto, muon veto.
- External shielding (Pb, PE, B4C) commissioned, inner ongoing.

• Ongoing target + vetoes commissioning at TUM.
- Full background model in simulations, low-energy calibration.
- Double TES readout and PSD for low-energy backgrounds.
- Move to Chooz for engineering run in 2025.
- Predict S/B = 1 and 5σ in 150 days.

Elisabetta Bossio, Magnificent CEνNS 2024 Giorgio Del Castello, poster #432

Status of the NUCLEUS experiment                                                                                                                                                                                                        Elisabetta Bossio (CEA)

The NUCLEUS experiment

4

Chooz B nuclear power plant: 
2 x 4.25 GWth reactors

The “Very Near Site” (VNS):  
• 102 m and 72 m from the two 

reactor cores 
• Neutrino flux ~ 1.7 1012 v/s/cm2 

• 24 m2 basement room, 
overburden of 3 m.w.e.

Active and passive 
external shields

120 cm

Status of the NUCLEUS experiment                                                                                                                                                                                                        Elisabetta Bossio (CEA)

Cryogenic detector operation
Dry dilution refrigerator to avoid handling of cryogenic liquids (BlueFors LD400 cryogen-free) 

Base temperature O(10 mK) 

Pulsed tube cryo-cooler: challenging vibration environment 

Custom-made vibration decoupling system deployed and validated (patent protected)

11

Spring

Kevlar wire

Detectors

300K stage

40K stage

4K stage

Still stage 
800 mK

Mixing 
chamber 

< 7 mK

On behalf of the NUCLEUS Collaboration: 
Elisabetta Bossio (CEA)  

elisabetta.bossio@cea.fr 

6th Magnificent CEvNS Workshop, Valencia, 12.06.2024

Status of the NUCLEUS experiment

Status of the NUCLEUS experiment                                                                                                                                                                                                        Elisabetta Bossio (CEA)

Target detectors
Gram-scale cryogenic calorimeters: absorber crystal equipped with Transition Edge Sensor (TES) 

Operated at mK temperatures 

Low threshold & good energy resolution

6

Particle 
interaction

Phonon 
production TES heating Resistance 

change
SQUID 

readout

Multi-target approach for NUCLEUS 10g: 
• Al2O3 background measurement 
• CaWO4 high CEvNS rate



New technologies
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MINER:
• Based on iZIP cryogenic detector 

for SuperCDMS: Si, Ge, Al2O3.
• New hybrid HV detectors for 

ER/NR detection, 100 eV thr.
• Background from stress 

relaxation.
• Possible deployment in HFIR.

Scintillating Bubble Chamber:
• 10 kg LAr Bubble Chamber.
• Calibrations, 100 eVnr threshold.
• Insensitive to ER.
• Possible deployment in ININ or 

Laguna Verde reactors.

Paleoccene:
• Colour centre passive detectors.
• Identification in LiF using light 

sheet microscope.

Measuring coherent elastic neutrino-nucleus scattering
in argon with a scintillating bubble chamber

Eric Vázquez Jáuregui

Instituto de F́ısica, UNAM

Magnificent CE⌫NS workshop
Valencia, Spain, June 12-14, 2024

1

10 kg liquid Argon bubble chamber: 100 eV threshold

•Ar + 10-100 ppm Xe target, 178 nm scintillation

• SiPMs immersed in hydraulic fluid (CF4 at 130K)

• 20-360 psia (⇠1-25 bar) cycles

• Single-fluid, “right-side-up” geometry used by PICO-40L

Scin%lla%ng	Bubble	
Chambers	for	
WIMPs	and	

Reactor	CEvNS	
Eric	Dahl	

Northwestern	University	
Fermilab	

	
Novel	Instrumenta%on	for	

Fundamental	Physics,	Nov	2018	
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P. Huber     4

PALEOCCENE update, special thanks to Keegan

Walkup (VT) & Gabriela Araujo, Nikita Vladimirov (UZH)

Good linearity even at low doses.

LiF has F2+ and F3 vacancy clusters which 

respond to radiation. Samples from different 

batches and manufacturers show consistent 

response to neutrons.

Tracks induced in LiF crystal irradiated with 

alphas and neutrons and imaged with a 

widefield fluorescence microscope at 40x 

magnification, in response to 440 nm light.

Calibration of software for color center 

identification using fluorescent beads and 

nm-sized quantum dots (QD), imaged with 

light sheet microscope at 20x.

Software can identify 

features, count them and 

output their sizes. This will 

be soon tested for LiF 

imaged with new 450 nm 

laser in light-sheet 

microscope.

beadsbeads

QD

+ CEνNS for SN detection in LZ and 
XENONnT
+ CEνNS via 12C recoils in LS in JUNO
+ NR imaging in Ar TPC in LArCADe
+ ... 

10 kg liquid Argon bubble chamber

10



Summary

Coherent Elastic Neutrino-Nucleus Scattering

• CEνNS is a very active field, with many developments and new/improved techniques. 
- Lower thresholds.

- Lower backgrounds.

- Higher fluxes. 

- Higher masses.

• COHERENT is leading the field of CEνNS measurements.

• Reactor experiments are getting closer to detection.
- Expect some definitive measurements soon.

- Quenching factor measurements are crucial for interpreting the data.

• We can look forward to exciting results.
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