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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.
• Experimentally the aim is to measure the small nuclear recoil. 
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D. Pershey New CEvNS Results from the COHERENT CsI[Na] Detector

Nuclear Recoil Signature

❑The struck nucleus acquires a small 
recoil energy

• Max recoil energy is 2𝐸ν2/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 elastic nN scattering

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

• Predicted by Daniel Z. Freedman in 1974.
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D. Freedman, Phys.Rev. D 9 1389 (1974)



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

• Discovered by COHERENT in 2017.
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Science 357, 1123, 2017
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• Coherent enhancement of the scattering cross-section at low energies: 𝐸! < 50 MeV.

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• The total cross-section is proportional to 𝑁2.
• Nuclear form-factor is 𝑓(𝑞") ≈ 1 in the coherence limit 𝑞" → 0 .
• CEνNS is the dominant interaction at low energies.
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• Coherent enhancement of the scattering cross-section at low energies: 𝐸! < 50 MeV.
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• Despite the large cross-section, the nuclear recoils are tiny, ≲ keV.
• Low-threshold detection is the biggest experimental challenge.
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Need high-flux neutrino sources at these energies.



• The coherent scattering rates are calculated with precision in the SM.
• Any discrepancy can be a sign of contributions from New Physics:

- Non-Standard Interactions of neutrinos.
- Light sterile neutrinos.
- Neutrino magnetic moment. 
- Neutrino millicharge.
- Weak angle measurement.

New Physics with neutrinos

A’

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 7

CONNIE collab., JHEP 04 (2020) 054

3

LSND

MiniBooNE

1σ

2σ

99% CL

10
-3

10
-2

10
-1

10
-1

10
0

10
1

sin
2(2θμe)

Δ
m

2
(e
V
2
)

FIG. 2. The projected constraints on the sterile neutrino parameter space for a 100 kg CsI detector and source that generates
4⇥1023 protons on target per year with an energy of 1 GeV, after collecting data for a total of 3 years (left) or 10 years (right).
In each case, we have assumed that the detector was located at a distance of 20 meters from the source during the first half of
the exposure, and at a distance of 40 meters during the second half. These constraints are compared to the regions that could
potentially account for the LSND [1] and MiniBooNE [2] anomalies (at the 99% confidence level).
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where �m2 ⌘ �m2
41 ⇡ �m2

42 ⇡ �m2
43. After appropri-

ate unit conversions, the argument of the sine function
can be rewritten as 1.27⇥ (�m2/eV2)(L/m)(MeV/E).

To estimate the sensitivity of a coherent scattering ex-
periment to a sterile neutrino, we calculate the number
of events predicted to be observed in four time bins, cor-
responding to 0-0.5, 0.5-1, 1-2 and 2-10 µs, defined such
that t = 0.5µs is at the center of the pion pulse. By
taking into account this timing information, we are able
to measure independently the flux of neutrinos that orig-
inate as ⌫µ, as well and those that originate as either ⌫e
or ⌫̄µ. We consider measurements made over two base-
lines (20 and 40 meters), using a target consisting of 100
kg of CsI, over a total observation time of either 3 or 10
years (half of the total time is assumed to be in each of
the 20 and 40 meter configurations). In each configura-
tion, we include in the event rate calculation a steady-
state background of 1.45 ⇥ 10�10 counts/kg/µs, which
can be precisely determined by measuring the o↵-pulse
event rate [22]. Although this is a factor of 10 lower than
the rate reported in Ref. [22], this degree of improve-
ment is achievable through the application of additional
shielding and well-understood techniques to reduce the

dominant internal radiocontaminations of CsI [33] (see
also Refs. [34–36]). We also include in our analysis an
overall systematic uncertainty of ±28% on the overall sig-
nal rate, corresponding to uncertainties associated with
the cross section, detector e�ciency, and overall neutrino
flux.

The main results of our analysis are shown in Figs. 2
and 3. In the first of these figures, we show the pro-
jected constraints on the sterile neutrino parameter space
from an experiment utilizing a 100 kg CsI detector and
source producing a luminosity of 4 ⇥ 1023 protons on
target per year with an energy of 1 GeV. We present
this result in terms of the e↵ective mixing parameter
sin2(2✓µe) ⌘ 4|Ue4|2|Uµ4|2. For simplicity, we have lim-
ited our discussion to the case of |U⌧4| = 0. In Fig. 3, we
show these constraints in the |Uµ4|2 vs |Ue4|2 plane, for
two choices of �m2. When these constraints are com-
pared to the regions favored by LSND and MiniBooNE,
we conclude that the search proposed here would be sen-
sitive to the vast majority of the sterile neutrino parame-
ter space that could potentially account for these anoma-
lies.

In these projections, we have considered measurements
taken over baselines of 20 and 40 meters. If the separa-
tion between these distances were increased (decreased),
the exclusion contours would shift downward (upward)
in �m2, as a consequence of the dependence on L and
�m2 in Eq. 5.

C.Blanco et al, Phys.Rev. D101, 075051 (2020)

G. Fernandez-Moroni et al, 
JHEP 03 (2021) 186 
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Detector mass 1 kg
Distance to reactor core 12 meters
Core thermal power 2 GWth

Exposure 3 years
Reactor off time 45 days per year
Background 1 kdru, flat in EI

Quenching factor Chavarria [78]

TABLE II. Benchmark experimental setup considered here.

will be discussed below, the Lindhard and the Chavarria models, without systematic uncertainties on the quenching.
Together with our estimate, we also present current measurements (taking into account the running of sin2 ✓W ) [72]
and a forecast for the measurement on the DUNE near detector complex [89].

The precision achieved by this benchmark setup is 1.4% for Lindhard and 2.8% for Chavarria quenching, at mean
momentum transfers hQ2

i of 4.3 MeV and 6.6 MeV, respectively. The mean momentum transfer is different because
the minimum detectable recoil energy depends on the quenching. As we can see, under reasonable assumptions,
this experimental setup would determine the weak mixing angle with a precision similar or slightly worse than
atomic parity violation (APV), and comparable precision to several other determinations, including the future DUNE
experiment [89]. The competitiveness of such a small experiment is quite remarkable. The measurement proposed
here would be one of the very few determinations of the weak mixing angle with neutrinos, which is particularly
important given the discrepancy between measurement and theory prediction observed in the NuTeV experiment [90].
As a side comment, by using the LEP determination of the weak mixing angle and the theoretical prediction for the
reactor antineutrino flux, this setup could probe the reactor anomaly at the 3�6% precision. To estimate how robust
this measurement is and how it depends on our assumptions, we proceed to a study of how each ingredient affects our
analysis. We will study the role of quenching factor parametrization and uncertainties, as well as background rate
and shape.
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FIG. 2. Left: Spectral rate of signal (red histogram) and background (green) events for our benchmark setup (see Table II).
The vertical dashed line shows the ionization energy threshold of Skipper CCDs. Right: Sensitivity of our experimental setup
to sin2 ✓W compared with different experiments [72, 89] in the MS renormalization scheme. The two colored data points
correspond to two different quenching factors, Lindhard (green) and Chavarria (dark blue). No uncertainty on the quenching
was considered.

A. Quenching factor

As mentioned before, the quenching factor characterizes the fraction of the recoil energy transformed into observable
ionization energy. Measurements of the quenching factor in the case of silicon have been previously performed [78].



Dark Matter searches

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

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

8

J. Cooley, Phys. Dark Un. 04 (2014) 92



More CEnNS physics

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• Supernova physics:
- Important for models of energy transport in supernovae.
- The large CEνNS experiments can detect supernova neutrinos.

• Nuclear physics:
- Nuclear form factors.
- Neutron distribution radius.

• Reactor applications:
- Possibility to create compact detectors for measuring reactor flux. 
- Nuclear non-proliferation monitoring.
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result is statistical only, that is, no analysis on reactor
flux systematics or signal normalization is included.

Even a 10 g crystal with moderate shielding could eas-
ily achieve a 5� detection and 100–1,000 g detectors can
probe the physics associated with CEvNS well into the
regime where reactor flux systematics will become the
limiting factor. NaI is used an example, but many
other materials would lead to comparable results (see
also Fig. 6). To distinguish the CEvNS signal from back-
grounds three handles are available: the vacancy num-
ber distribution, with neutrons producing a higher mean
number of vacancies; the reactor on/o↵ comparison; and
co-deploying a high atomic mass crystal like BGO with a
low atomic mass crystal like LiF would exploit the di↵er-
ent scaling with atomic mass of signal and background to
uniquely establish the signal as stemming from CEvNS.
The materials considered in our study span the atomic
mass range from A = 7�209, which is also invaluable for
testing and discriminating various new physics models.

Neutrino applications to reactor monitoring and nu-
clear security were suggested by Borovoi and Mikaelyan
[75] around the same time CEvNS was proposed. Since
then, there have been many studies conducted and detec-
tors built with the goal of real-world implementation [20].
However, roadblocks arise from the complexity of neu-
trino detectors, which are still more like a science ex-
periment than a field-deployable robust device, and the
need to deal with cosmic ray backgrounds by going un-
derground. Major excavation is generally considered im-
possible close to a reactor and only a few reactor sites
have an existing suitable underground site. In 2018, the
problem of underground neutrino detector deployment
was solved by the first demonstration of surface reactor
neutrino detection [76, 77].

The Treaty on the Non-Proliferation of Nuclear
Weapons (NPT) is the backbone of e↵orts in nuclear
security and nonproliferation. It includes an extensive
verification regime, which is implemented by the Inter-
national Atomic Energy Agency (IAEA). The IAEA is
faced with the task of inspecting more than 400 com-
mercial reactors, and around double that number of re-
search reactors, on a limited and relatively fixed budget.
Therefore, a typical neutrino detector, with its cost, ton-
scale and several square meters of footprint, floor load-
ing, maintenance requirements, etc., is not a particularly
good fit for the IAEA [78].

The detector type we propose here can, in princi-
ple, overcome many of these IAEA implementation con-
straints. They are small (sub-kilogram), cheap, robust,
passive, operate at room-temperature, maintenance-free
and do not present a fire hazard. Overall the concept
of operations is very similar to tags and seals, which the
IAEA already uses, wherein an IAEA inspector would
emplace the detector and use a seal to ensure it stays
secure. After a period of time, they would return, re-
trieve the detector and ship it to a central laboratory
for analysis [79]. A scan of pre-existing defects, prior
to deployment, would allow for unique identification of
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Figure 6. Shown is the 90% CL limit upper bound on the
amount of produced plutonium for a reactor which is shut
down as a function of the neutron background rate. The de-
tector size is 100 g, the distance is 20m and the data taking
period is 90 days. The di↵erent curves are for di↵erent ma-
terials, as specified in the legend, and the width of the band
is due to a ±20% variation of threshold damage energy. The
black horizontal line indicates 8 kg of plutonium, the so-called
significant quantity (SQ).

the detector crystal when it returns for analysis after a
deployment cycle.
This pre-and post-imaging analysis can also verify that

the detector has not been tampered with. For instance,
heating it in an attempt to anneal crystal defects would
also reduce the number of pre-existing defects and thus be
detectable. One scanning station could be used for a large
number of detectors. Also, being entirely passive, these
detectors are immune from cyber-threats. In the case of a
cyber-attack on conventional systems, they could provide
continuity of knowledge or a redundant backup in case of
a power outage induced by malicious or climate-change
based catastrophic events. Seals and other passive tech-
niques currently used by the IAEA share this trait, but
passive CEvNS detectors can additionally provide direct
information on reactor operations. Each detector would
essentially be only as costly as its materials. Since the
materials discussed here are all commercially available,
this cost would be relatively low.
In Fig. 6 we show the limit on plutonium production

in a reactor that can be obtained with 100 g of various
detector materials as a function of the neutron back-
ground rate, at a distance of 20m from reactor output,
and within a data collection time of 90 days. The de-
tection goal of the IAEA for plutonium is 1 significant
quantity (SQ), defined as 8 kg, within 90 days at 90%
probability [80]. The horizontal line labeled ”1 SQ” in-
dicates this limit. The width of the bands arises from
a ±20% variation of TDE as given in Tab. I. There is a
range of materials which, with moderate shielding, can
meet this criterion. Since the detector itself is small, an
appropriate shield of about 0.5-1m thickness still yields



Neutrino sources
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• Required: sources of low-energy neutrinos (𝐸! < 50 MeV) with a high flux.
• Required: detectors with low-energy thresholds and low background contamination.
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FIG. 1 Grand Unified Neutrino Spectrum (GUNS) at Earth, integrated over directions and summed over flavors. Therefore,
flavor conversion between source and detector does not a↵ect this plot. Solid lines are for neutrinos, dashed or dotted lines for
antineutrinos, superimposed dashed and solid lines for sources of both ⌫ and ⌫. The fluxes from BBN, the Earth, and reactors
encompass only antineutrinos, the Sun emits only neutrinos, whereas all other components include both. The CNB is shown for
a minimal mass spectrum of m1 = 0, m2 = 8.6, and m3 = 50 meV, producing a blackbody spectrum plus two monochromatic
lines of nonrelativistic neutrinos with energies corresponding to m2 and m3. See Appendix D for an exact description of the
individual curves. Top panel: Neutrino flux � as a function of energy; line sources in units of cm�2 s�1. Bottom panel: Neutrino
energy flux E ⇥ � as a function of energy; line sources in units of eV cm�2 s�1.

Biggio et al., 2009; Ohlsson, 2013), spin-flavor oscillations
by large nonstandard magnetic dipole moments (Ra↵elt,
1990; Haft et al., 1994; Giunti and Studenikin, 2015), de-
cay and annihilation into majoron-like bosons (Schechter
and Valle, 1982; Gelmini and Valle, 1984; Beacom et al.,
2003; Beacom and Bell, 2002; Denton and Tamborra,
2018b; Funcke et al., 2020; Pakvasa et al., 2013; Pagliaroli
et al., 2015; Bustamante et al., 2017), for the CNB large
primordial asymmetries and other novel early-universe
phenomena (Pastor et al., 2009; Arteaga et al., 2017), or
entirely new sources such as dark-matter decay (Barger

et al., 2002; Halzen and Klein, 2010; Fan and Reece, 2013;
Feldstein et al., 2013; Agashe et al., 2014; Rott et al.,
2015; Kopp et al., 2015; Boucenna et al., 2015; Chianese
et al., 2016; Cohen et al., 2017; Chianese et al., 2019; Es-
maili and Serpico, 2013; Bhattacharya et al., 2014; Higaki
et al., 2014; Fong et al., 2015; Murase et al., 2015) and an-
nihilation in the Sun or Earth (Srednicki et al., 1987; Silk
et al., 1985; Ritz and Seckel, 1988; Kamionkowski, 1991;
Cirelli et al., 2005). We will usually not explore such
topics and rather stay in a minimal framework which of
course includes normal flavor conversion.



Neutrino sources
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• Required: sources of low-energy neutrinos (𝐸! < 50 MeV) with a high flux.
• Required: detectors with low-energy thresholds and low background contamination.

• Reactors. 
- Around 6 electron antineutrinos per fission via beta decay.
- 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.
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Neutrino sources

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

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

• 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.

• Spallation Neutron Source (SNS) at Oak Ridge National Laboratory (USA).
• European Spallation Source (ESS) under construction (Sweden).

12
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CEnNS experiments
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The COHERENT experiment

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• 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.
- Good shielding from beam backgrounds.
- 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



COHERENT CsI measurement

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• 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 nonstandard neutrino interactions, weak mixing angle measurement.
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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-
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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-
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𝜎 1 = 1652"3456 ×10276 𝑐𝑚"

sin" 𝜃' = 0.22026.6"946.6":

at 𝑄" ≈ (50𝑀𝑒𝑉)"

   

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

COHERENT collab., Science 357, 1123, 2017



COHERENT Ar measurement

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• 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.
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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
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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-
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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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bars indicate the energy range of the flux contributing. The
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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.
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Rn(I) = 6.0+0.9
−0.9 fm. (28)

The corresponding neutron skins are, respectively,!Rnp(Cs) =
0.20+0.31

−0.34 fm − !Rnp(I) = 0.57+1.0
−0.8 fm and !Rnp(Cs) =

−0.24+0.30
−0.25 fm − !Rnp(I) = 1.0+0.9

−0.9 fm. Also in this case
the usage of the different PNC amplitudes play a major role
and with the second analysis, the slightly larger value of the
iodium rms neutron radius is compensated by a significantly
smaller value of Rn(Cs), that translates in an almost-zero
neutron skin for cesium, with smaller uncertainties than those
of the first analysis. Moreover, in all the scenarios, the cen-
tral values suggest that Rn(I) > Rn(Cs),while all theoretical
models (see e.g. Table I of Ref. [25]) predicts the opposite.
We thus redetermine these measurements after imposing the
well-motivated constraint Rn(I) ≤ Rn(Cs). In this case the
measurements performed in this section become

COH-CsI [Rn(I) ≤ Rn(Cs)] : Rn(Cs) = 5.5+1.1
−0.4 fm,

Rn(I) = 5.4+0.4
−1.0 fm, (29)

APV PDG + COH-CsI [Rn(I) ≤ Rn(Cs)] :
Rn(Cs) = 5.32+0.30

−0.23 fm, Rn(I) = 5.30+0.30
−0.6 fm, (30)

APV 2021 + COH-CsI [Rn(I) ≤ Rn(Cs)] :
Rn(Cs) = 5.07+0.21

−0.26 fm, Rn(I) = 5.06+0.22
−0.4 fm. (31)

Imposing this constraint, we achieve an uncertainty as low as
4% on Rn(Cs).The corresponding constraints on the plane of
Rn(

133Cs) and Rn(
127I) together with their marginalizations,

at different CLs can be found in Appendix A.

3.4 Overview of the results on Rn

Given the vast amount of measurements of the neutron rms
radius distribution presented in this work under different
hypotheses, we summarised all of them in Fig. 7a, b when
using APV with the PNC amplitude from Ref. [76] or from
Ref. [77], respectively. Despite the different fit configurations
used to extract the values of Rn(CsI), Rn(Cs) and Rn(I), a
coherent picture emerges with an overall agreement between
the COHERENT and APV results and the theoretical predic-
tions. However, we would like to note that using APV PDG
we obtain on average larger values on the radii, even if still
compatible within uncertainties. On the contrary, APV 2021
shifts downwards the measured radii towards the predictions,
but in the simultaneous 2D fit with sin2 ϑW where the corre-
lation with the latter increases the extracted central value of
Rn(CsI). Moreover, we checked the impact of using a dif-
ferent quenching factor, by comparing our nominal results
obtained using Refs. [6,61] and the derivation in Ref. [79].
The latter lower QF decreases the total number of CEνNS
events resulting in a smaller Rn(CsI) by about 10%.

Fig. 5 Running of the weak mixing angle in the SM (green line) as a
function of the energy scale Q. The black experimental determination
represent the status of the art of the measurements at different energy
scales [53,76,80–83]. The red points show the determinations from the
combined analysis of APV(Cs) and COHERENT-CsI measurements
retrieved in this work, which supersedes the nominal APV determina-
tion depicted in grey [58]

4 Future perspectives

In this section, we describe a sensitivity study that we per-
formed to outline the potentialities of CEνNS to measure the
CsI neutron radius and the weak mixing angle at the SNS,
in the context of the COHERENT experimental program. As
shown in the previous sections and in several previous papers
(see, e.g., the review in Ref. [50]), CEνNS is a very powerful
tool, being a process which turned out to be very versatile in
putting constraints on a variety of parameters. Nevertheless,
the current level of accuracy of CEνNS in the determination
of the neutron radius, both the CsI one reported in this work as
well as the argon (Ar) one reported in Ref. [23], is still lower
with respect to that obtained using parity-violating electron
scattering on similar nuclei. This is visible in Fig. 8 where
we show the current status for different neutron distribution
radii measured via diverse electroweak probes. As shown,
the precision achieved by the PREX [45,46,84] and CREX
[47] experiments is indeed greater than that obtained through
CEνNS for CsI and Ar [23,25,26,29,48].

Luckily, this is not the end of the story. The COHERENT
collaboration has additional existing and planned near-future
deployments in the Neutrino Alley at the SNS with excit-
ing physics potential. In particular, the experimental program
under development includes a tonne-scale liquid argon time-
projection chamber detector as well as a large scale CsI cryo-
genic detector. These new detectors, together with planned
upgrades to the SNS proton beam, will further broaden and
deepen the physics reach of the COHERENT experiment.
Moreover, the European Spallation Source (ESS) is currently
under construction in Lund, Sweden [85]. At design specifi-
cations, the ESS will operate at 5 MW using a proton linac
with a beam energy of 2 GeV. In addition to providing the
most intense neutron beams, the ESS also provides a large
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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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Weak mixing angle measurement at low Q.

Neutron distribution radius.
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Limits on sub-GeV leptophobic dark matter.
COHERENT collab., PRD106 (2022) 5, 052004

Valentina De Romeri - IFIC UV/CSIC Valencia

New light mediators: summary

12

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, 2211.11905 [hep-ph]

VECTOR

SCALAR

Limits on NSI with light vector and scalar mediators.

V. de Romeri 
et al, JHEP 
04 (2023) 035

Valentina De Romeri - IFIC UV/CSIC Valencia

Sterile neutrino oscillations 

15

VDR, Miranda, Papoulias, Sanchez-García,Tórtola 
and Valle, 2211.11905 [hep-ph]

This scenario leads to a slightly improved fit 
for the CsI data (compared to the SM), while 
for LAr it leads to a poorer result.

The sensitivity to the new mass splitting and 
active-sterile mixing angle is rather poor.

CEvNS’ sensitivity to the total active neutrino flux —> search for sterile neutrinos.

90% C.L.

Limits on sterile neutrino oscillations.



The CONNIE experiment

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• Reactor neutrino experiment at 30 m from 3.95 GWth the Angra 2 reactor in Brazil.
- Low-energy (1-2 MeV) antineutrinos, flux 7.8 x 1012 �̅�s-1cm-2.

• Thick scientific silicon CCD detectors.
- 8 CCDs of 6 g mass each, 16M pixels.
- Passive polyethylene and lead shielding.
- Particle identification based on event topology.

18

Angra 2 reactor
Rio de Janeiro

CONNIE collab., Phys. Rev. D100 (2019) 092005



CONNIE measurements

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• Analysis compares the energy spectra with the reactor on and off in 2019 data.
- Total exposure of 2.2 kg-days.
- Low noise (~2 e-) and low dark current (~3 e-/pix/day).
- Energy threshold 50 eVee.

• Upper limits on the measured neutrino rate at 90% CL.

19

On – Off ratesExpected (observed) limit in the lowest-energy bin 
(50-180) eV is 34(66)x the SM prediction.

CONNIE collab., JHEP 05:017, 2022

Reactor On – Off rates

• Search for relativistic millicharged particle production.
γ

γ

e− e−

χq
χ̄q

δe

CONNIE
Preliminary

Using first bin, (100-150) eV.
Competitive limit, to update with 
full dataset.

Preliminary



Self-calibrated detector

• 2 Skipper-CCDs (0.4 g mass) and new electronics installed in 2021.
- Multiple non-destructive charge measurements.
- Readout noise reduces as 1/ 𝑁 samples.

• Stable performance and promising preliminary results.
- Readout noise = 0.15 e-, single-electron rate = 0.04 e-/pix/day.
- Energy threshold 15 eVee, lowest of any CEνNS experiment.

• Prospects to increase mass and move closer to the core.

CONNIE with Skipper-CCDs

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 20

J. Tiffenberg et al, PRL 119 (2017)

Lower and flat background.



Skipper-CCDs at Atucha

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 21

• Reactor neutrino experiment at 12 m from 2 GWth the Atucha 2 reactor in Argentina.
- Flux 2 x 1013 �̅�s-1cm-2.

• Taking data with Skipper-CCDs of 2.5 g.
- Readout noise = 0.17e-. 
- Studying performance, background and reach.
- New neutron shielding installed.

TAUP, Vienna 2023 . Mariano Cababie.

New! Neutron shielding

We added 5 cm of 

polyethylene around the 

Pb to shield the detector 

from fast neutrons 

coming from the reactor

~ 25 kg of mass

14

Before

After

● Operated at  ~ 130 K
● Average readout noise 0.17 electrons 

TAUP, Vienna 2023 . Mariano Cababie.

Performance inside the power plant

8
TAUP, Vienna 2023 . Mariano Cababie.

Analysis & Preliminary results 

● Horizontal binning: 10 columns

● 300 samples of the charge on each pixel

● Effective mass of 1.16 g (50%)

Exposure
Reactor OFF = 79.6 g days
Reactor ON = 64.9 g days
  

9

M. Cababie, 
TAUP2023



The CONUS experiment

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 22

• Reactor neutrino experiment at 17 m from 3.95 GWth the Brokdorf reactor in Germany.
- Flux 2.3 x 1013 �̅�s-1cm-2.

• 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.

• Best limit on CE𝜈NS in the fully coherent regime as a function of the 
quenching factor parameter k.

CONUS collab., PRL 126, 041804 (2021)

Run 1-2: CEνNS limit CONUS Collaboration, PRL 126 
(2021) 041804

Exposure after cuts: 249 kg d reactor ON and 59 kg d 
reactor OFF. Region of interest: 0.3-1 keVee.  

CEνNS limit at reactor: < 0.4 d-1 kg-1 (90 % C.L.) at 
k=0.16. Factor 17 over prediction.

Signal expectation depends on quenching factor 
described by Lindhard theory. k > 0.27 disfavored from 
CONUS reactor data alone.

Major systematics: quenching parameter

7

Confirms Lindhard
theory QF = 0.162

Limit 17x SM rate
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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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CONUS results

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 23

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

• Limit on CE𝜈NS using full dataset at 2x the SM prediction.
• Limits on electromagnetic properties from 𝜈–e scattering:

- Neutrino magnetic moment 
- Neutrino millicharge

• Limits on Non-Standard Interactions of neutrinos:
- World best limits on tensor interactions.

arXiv:2308.12105

  

CONUS: RUN-5 SM physics 

15W. Maneschg | M7 workshop, March 22-29, 2023

Detector ON
kg*d

OFF
kg*d

ROI lower 
threshold / eV

C1 151 43 220

C2 154 138 210

C4 153 112 220

Total 458 293

ROI upper threshold: 1 keV

Preliminary results:

● so far, statistical likelihood ratio test
● all Conus detectors do not find a signal
● combined limit (90% C.L.): factor ~2 above predicted

CEvNS based on Lindhard quenching with k=0.162
•  further slight improvements expected (PSD,
   additional statistics,…)

W. Maneschg, Magnificent CE𝜈NS 2023
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Figure 5. Top: expected light vector signals of detector C1 in the low energy region below 500 eVee

for a quenching parameter of k = 0.16 (left) and in the higher energy region between 2 and 8 keVee

(right) for different couplings and masses in comparison to the SM signals of CEνNS and elastic
neutrino-electron scattering, respectively. Bottom: limits (90%C.L.) on the light vector mediator
parameters (mZ′ , gZ′) deduced from CEνNS and neutrino-electron scattering with the Run-1 Conus
data sets. The exemplary parameter points of the upper signal spectra are shown as well. Bold crosses
indicate parameter points that can already be excluded while regular crosses refer to points that are
still allowed. For comparison, limits obtained from Coherent (CsI and Ar) data (90%C.L.) [54],
Connie (95%C.L.) [53] as well as Ncc-1701 (95%C.L., quenching according to ref. [96]) [71] are
shown. The ‘island of non-exclusion’ in the Coherent limits is due to destructive interference and
does not appear in the Connie, Conus and Ncc-1701 limits as these experiments have not yet
reached the necessary sensitivity.
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Figure 6. Top: expected light scalar signals of detector C1 in the low energy region below 500 eVee

for a quenching parameter of k = 0.16 (left) and in the higher energy region between 2 and 8 keVee

(right) for different couplings and masses in comparison to the SM signals of CEνNS and elastic
neutrino-electron scattering, respectively. Note that the wiggles at ∼ 2 keV are not artifacts but
result from the applied reactor model. Bottom: limits (90%C.L.) on the light scalar mediator
parameters (mφ, gφ) deduced from CEνNS and neutrino-electron scattering with the Run-1 Conus
data sets. As before, we point out the exemplary parameter points of the signal spectra above. Bold
crosses indicate parameter points that can already be excluded while regular crosses refer to points
that are still in agreement with the data. For comparison, limits obtained from Coherent (CsI
and Ar) data (90%C.L.) [161] and Connie (95%C.L.) [53] are shown.

– 22 –

J
H
E
P
0
5
(
2
0
2
2
)
0
8
5

300 400 500 600 700 800 900 1000

Ionization energy I [eV]

0

1

2

3

4

5

Si
gn
al

co
un
ts

/
kg

/
yr

/
eV

k=0.16

εdTee = εuTee = 0.03

εdTee = −εuTee = 0.06

−εdTee = εuTee = 0.12

−εdTee = −εuTee = 0.06

CEνNS

−1.00 −0.75 −0.50 −0.25 0.00 0.25 0.50 0.75 1.00

εdTee

−1.00

−0.75

−0.50

−0.25

0.00

0.25

0.50

0.75

1.00

εu
T

ee

90%C.L.

COHERENT (CsI)

k=0.12

k=0.16

k=0.20

CONUS (toy MC):

Figure 3. Top: expected tensor NSI signals of detector C1 for a quenching parameter of k = 0.16
and different coupling values from all quadrants in comparison to the standard CEνNS signal. Due
to a different chiral structure, additional tensor NSIs can only enhance the expected signal. Bottom:
allowed regions (at 90%C.L.) of tensor NSI couplings εuTee and εdTee deduced from the Run-1 Conus
data set. The exemplary points of the upper plot are marked with crosses, where bold crosses
indicate couplings that are (almost) excluded, i.e. the solid lines from above. Normal crosses refer
to coupling combinations that cannot be excluded with the current data set, i.e. the dashed lines.
In addition, constraints (90%C.L.) obtained from Coherent data are plotted for comparison,
cf. ref. [7].
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The nuGeN experiment
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• Reactor neutrino experiment at 11 m from 3.1 GWth the Kalinin reactor in Russia.
- Flux 5 x 1013 �̅�s-1cm-2.
- Distance to reactor can be varied 11-12 m.

• 1.5-kg p-type point contact High-Purity Germanium detector.
- 50 m.w.e. overburden.

• Limits on CE𝜈NS with 2021 and 2022 data.
- Taking data with improved conditions since 2022.
- Reduced background at low energy.

A. Lubashevskiy, Magnificent CE𝜈NS 2023

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  41013 /(seccm2)

• 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

Counts in region [320..360] eV Measurement time, days Counts per kgd (stat. error only)

Reactor ON 251 94.5 2.32 ± 0.15

Reactor OFF 126 47.1 2.34 ± 0.21

ON-OFF -0.017 ± 0.255

CENS, k = 0.26 55 0.46

Analysis of the first data shows no

significant difference in background

level during reactor ON and OFF

regimes. No excess at low energy

connected with the CENS has been

observed. The upper limit on the

quenching parameter k < 0.26 with 90%

CL has been obtained (dashed line). Red

solid line for k = 0.179.

22.03.2023 M7, A.Lubashevskiy 15

ON - OFF 2022 ANALYSIS 

nuGEN collab., PRD 106 (2022) 5, L051101



NCC-1701 at Dresden II

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 25

• Reactor neutrino experiment at 8 m from 2.96 GWth the Dresden-II reactor in USA.
- Flux 8.1 x 1013 �̅�s-1cm-2.

• 3-kg p-type point contact High-Purity Germanium detectors.
- Energy threshold 200 eVee.

• Excess in reactor-on data consistent with CE𝜈NS.
- Highly dependent on the quenching factor.
- High backgrounds need better understanding.

J. Colaresi et al, PRD 104 (2021) 7, 072003

Epithermal neutrons dominate low energies.

Spectrum after subtraction of modeled 
epithermal neutron component Limit for low-mass vector mediators



The RED-100 experiment
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• Reactor neutrino experiment at 19 m from 3.1 GWth the Kalinin reactor in Russia.
- Flux 1.35 x 1013 �̅�s-1cm-2.

• 100-kg two-phase liquid Xenon emission detector.
- 50 m.w.e. overburden.
- Sensitive to single ionisation electrons.
- Multivariate selection and blind analysis.

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

D. Rudnik, Magnificent CE𝜈NS 2023

• 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

Sensitivity 

12

• The most significant 
influence on CEvNS
response prediction
• Electron extraction 

efficiency (absolute 
measurements based on 
NEST predicted charge 
yeild)

• Electrons lifetime
• GEANT4 + ANTS2 

simulations of the CEvNS
prediction
• RED-100 sensitivity in the 

region 5-6 electrons is 
~33 times lower than SM 
predicted CEvNS rate

22.03.2023 Rudik Dmitrii, RED-100 experiment

  

Guschin-1978

Xenon100-2014

PIXeY-2018

LLNL-2019

RED-100
2019 – 2.84 kV/cm (lab)
2022 – 2.59 kV/cm (KNPP)

NEST for T=169°±1°

Electron extraction efficiency Electrons lifetime
ONON OFF
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Sensitivity calculations
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RED-100 sensitivity (~37 CEvNS within 
5-6 electrons region per day at 90% C.L.)

Number of e- 4 5 6

background 6375 236 27

CEvNS 3.1* 0.6* 0.1*

Background rate and CEvNS prediction
/~65 kg LXe / day                (Preliminary)

*Uncertainties on prediction numbers are under calculation
Current estimation is 30%

NEST for T = 169 ± 1 KCurrent status and plans
• RED-100 decommissioned and shipped 

back to MEPhI for the upgrade
• Data analysis is ongoing

Future of RED-100
• The main idea is to substitute LXe with 

LAr
• Higher nuclear recoils energies à more 

electrons per CEvNS event 
• Upgrade is ongoing:

• Light readout system
• TPB coating

• Cooling system power increasing

22.03.2023 Rudik Dmitrii, RED-100 experiment 13

By NEST collaboration

Xe and Ar nuclear recoil spectra

Charge Yields for Nuclear Recoils in LArRED-100 PMT 
coated with TPB



The NEON experiment

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva 27

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

• 16.7-kg scintillator NaI[Tl] detectors.
- Lower cross-section but higher recoils in Na, 22 PE/keV yield.
- Energy threshold 200 eVee.

• Taking data and studying expected sensitivity to CE𝜈NS.
- Background 7 dru at low energy.
- Expect 3σ with 1 year on and 100 days off.

NEON collab., Eur.Phys.J.C 83 (2023) 3, 226

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
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Fig. 14 Distribution of the event selection parameters: mean time (left
a and d), likelihood parameter (middle b and e), and ES parameter
(right c and f), are presented separately for the multiple-hit (top a–c)
and single-hit data (bottom d–f). As the multiple-hit data is less affected

by the PMT-induced noise events, the selection criteria (red solid lines)
were chosen so that the selection efficiency would be greater than 99%.
The likelihood and ES parameters are shown only for the mean time
accepted events
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Fig. 15 Background spectra of the NEO-5 crystal, which are mea-
sured using the full power of the reactor, are shown for the single-
hit (black dots) and multiple-hit (red squares) events. An effective

active veto using the liquid scintillator is shown as a large number
of multiple-hit events. The single-hit 2–6 keVee has approximately
6 counts/kg/keV/day background level

leading-edge (0–50 ns) charge ratios to the total charge (0–
600 ns). Figure 14 shows the event selection parameters for
multiple- and single-hit data. As the multiple-hit data con-
tained fewer PMT-induced noise events, the selection criteria
are developed. An event selection efficiency above 2 keVee
is maintained at more than 99%.

We process data obtained between September 2021 and
November 2021 at the tendon gallery of reactor unit-6 with
full power in the Hanbit nuclear power complex. Figure 15a

and b show examples of the background spectra from the
NEO-5 crystal in the 2–60 keVee and 60–2000 keVee regions,
respectively, following the application of the selection crite-
ria. Here, the low-energy and high-energy spectra are cal-
ibrated with a 59.54 keV line of 241Am and 511, 1274,
and 1785 keV lines from 22Na, assuming a linear response
of NaI(Tl) scintillation. A multiple-hit event is classified
when the other crystals or LS have hits that cannot be
caused by CEνNS neutrino interactions. A single-hit event
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Fig. 26 a Example of the simulated experiments assuming
7 counts/day/kg/keV flat background, 22 PEs/keV light yield, 1-
year reactor-on data (black points), and 100-days reactor-off data
(red points) are presented. The reactor-off data is scaled with the
ratio of time exposure between the reactor-on and reactor-off periods.
The reactor-on data includes the expected CEνNS events (blue line)
obtained in Fig. 24 (c) for the QF values from Joo. In this pseudo
experiment, the χ2 fit obtains 649 ± 193 CEνNS signal events. b
Results of 100,000 independent simulated experiments are presented.
Here a median expected number of signals, 650 events, was obtained

with 1σ variation of 197 events with the input signal for the Joo’s QF
values (solid lines). Vertical line represents the input number expected
by the standard model of 656. If we use Xu’s QF values (dotted lines),
the median expected signal is 941 ± 209 with an input number of
939 (vertical lines). c Significances of the CEνNS observation from
100,000 independent simulated experiments are estimated using the
significance tests based on χ2 differences. A median significance of
3.34 ± 1.03σ and 4.48 ± 1.04 were obtained for the Joo and Xu QF
values, respectively
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Fig. 27 Discovery sensitivities at 3σ confidence levels are presented in data exposures of the reactor-on (Y-axis) and reactor-off (X-axis). We vary
NPE thresholds from 5 to 6 for two different QF models assuming 7 counts/kg/keV/day (a), 10 counts/kg/keV/day (b), and 15 counts/kg/keV/day
(c) background levels

models in Fig. 25 based on Joo’s and Xu’s measurements, and
a 1-year reactor-on period and 100-days reactor-off period
with 100% live time and 100% event selection efficiency.
100,000 pseudo-data sets are prepared, and each set consists
of reactor-on and reactor-off data based on the aforemen-
tioned assumptions, together with the Poisson random vari-
ation in each energy bin. Black circles and red squares in
Fig. 26a are examples of reactor-on and reactor-off simu-
lated datasets. Blue lines present the expected CEνNS sig-
nals. The CEνNS signals are extracted by χ2 minimization
from NPE = N PEthr to NPE = 30,

χ2(ψ) =
30∑

i=N PEthr

(
Non,i − αt Noff,i − ψEi

)2

Non,i + α2
t Noff,i

, (11)

where Non,i and Noff,i denote the number of events in
i th energy (Npe) bin for reactor-on and reactor-off data,
respectively, Ei denotes the expected CEνNS events in the
i th energy bin, and αt denotes the ratio of reactor-on to

reactor-off exposure time. We assume that the NPE threshold
N PEthr = 5 corresponds to 0.2 keVee energy threshold. χ2 is
minimized with variation in ψ , and the minimum chi-square
χ2

min = χ2(ψ̂) is obtained with the best-fit value of ψ where
ψ = 1 indicates the standard model expectation. In addition,
the chi-square value χ2(0)when ψ = 0 is calculated as a null
hypothesis. The χ2 difference between CEνNS and the null
hypothesis &χ2 = χ2(0) − χ2(ψ̂) is evaluated to estimate
the strength of the CEνNS hypothesis. The same procedures
for 100,000 independent pseudo experiments are performed
to obtain a distribution of the observed signal events and sig-
nal significance, as shown in Fig. 26b and c, respectively.
The medians of the expected signal events are 650±197 and
941 ± 209 for the QF values from Joo and Xu, respectively.
The corresponding signal significances are 3.34±1.03σ and
4.48 ± 1.04σ , respectively. For both the QF hypotheses, we
expect more than 3σ significance.
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Future experiments
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Coherent Captain Mills (CCM)
• 7t LAr instrumented cryostat.
• Lujan Center @ LANSCE.
• Engineering run ongoing.

M72023 Adrian Thompson 6

Detection Channels in LAr
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CCM Detector:
● 7t LAr PMT-instrumented cryostat
● 90 degrees oD-axis
● 23m to target

Visible Energy Final States:
● 1 H (inverse PrimakoD)
● 2 H (di-photon decays)
●             (inverse Compton)
●             (pair conversion, decays)

Selection Cuts and Backgrounds:
● T0 determined from gamma flash
● Steady state background subtraction
● Timing cut I remove slow neutron wall
● ...radius cuts, coated PMT cuts, etc., see:

ALP Signals 
(True Energy)

Axion-Like Particles at Coherent CAPTAIN-Mills
 2112.09979

Gaseous detector for Neutrino   
physics at the ESS (GaNESS)
• Plans for 20-kg Xe high pressure TPC.
• At the European Spallation Source.

Neutrino Detection with Xenon (NUXE)
• Single-electron sensitive LXe detector.
• R&D for 10-kg detector for reactor.

NUCLEUS
• g-scale CaWO4 and Al2O3  

bolometer crystals @mK.
• Threshold 20 eV.
• At the CHOOZ reactors.

RICOCHET
• Cryogenic phonon detectors.
• Threshold 100 eV.
• At the ILL reactor.

Enectali Figueroa-Feliciano \ Ricochet Collab \ Mar 2023

Ricochet

36

NEWS-G3
• Spherical Proportional Counter.
• Working on final design

Enectali Figueroa-Feliciano \ Ricochet Collab \ Mar 2023

Other Reactor Experiments
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NEWS-G3 
Spherical Proportional Counter 

Working on final design

TEXONO 
Looking for new site

BULLKID 
Si/Ge with MKIDSScintillating Bubble Chamber (SBC)

• Quasi-bkg-free detection in Ar/Xe.

Enectali Figueroa-Feliciano \ Ricochet Collab \ Mar 2023

Objective:

Quasi-background-free detection of sub-keV 
Nuclear Recoils


 
Signal:


Single bubble with little or no coincident 
scintillation


Backgrounds:

ER’s (beta, gamma): 

No bubbles


NR’s (fast neutron): 
Multiple bubbles 
Strong coincident scintillation

ν 
(NR)

γ 
(ER)

Piezo	
IR	LED	
VUV	SiPM

Depends	on	NR	threshold	
and	target	fluid:	
• Freon-based	chambers	
ER-blind	@	~3	keV	

• Liquid-noble	chambers	
ER-blind	@	<	500	eV,	
										(target	100	eV)

Other Experiments
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see	arxiv:2207.12400	
(Snowmass	whitepaper)

SBC 
Scintillating Bubble Chamber

BULLKID
• Si/Ge w/ kinetic inductance detectors.

PALEOCCENE
• Colour centre passive detectors.

Enectali Figueroa-Feliciano \ Ricochet Collab \ Mar 2023

Other Reactor Experiments
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NEWS-G3 
Spherical Proportional Counter 

Working on final design

TEXONO 
Looking for new site

BULLKID 
Si/Ge with MKIDS



Summary

Coherent Elastic Neutrino-Nucleus Scattering, I. Nasteva

• The recent first observation of coherent elastic neutrino-nucleus scattering by 
COHERENT has led to a prolific physics programme.
- Novel experimental techniques for low-threshold, low-background detection.
- Theory interpretations and predictions.

• Many ongoing efforts and next-generation experiments.
- Complementary approaches.
- Expect more exciting results soon.

• Rich physics potential for neutrino discoveries and applications to areas beyond.
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