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beyond the standard model (BSM). Through a combination of increased event rate, lower threshold, and
good timing resolution, such a detector would significantly improve on past measurements. We considered
tests of several BSM scenarios such as neutrino nonstandard interactions and accelerator-produced dark
matter. This detector’s performance was also studied for relevant questions in nuclear physics and neutrino
astronomy, namely the weak charge distribution of Cs and I nuclei and detection of neutrinos from a core-
collapse supernova.

DOI: 10.1103/PhysRevD.109.092005

I. INTRODUCTION

A scintillating CsI[Na] crystal was used for the first
detection of coherent elastic neutrino-nucleus scattering
(CEvNS) [1,2] at the Spallation Neutron Source (SNS) at
Oak Ridge National Laboratory. This detector achieved a
light yield of 13.35 photoelectrons (PE) per keVof electron
equivalent energy (keVee), which set a threshold nuclear
recoil energy of ≈8 keVnr, allowing detection of the low-
energy nuclear recoils produced in CEvNS interactions.
This result has improved precision for measuring the
standard model’s predicted neutrino couplings and search-
ing for physics beyond the standard model (BSM) [3–10].
Though successful, first-light CEvNS measurements suf-
fered from limited sample statistics and a relatively high
detection threshold. The next generation of CEvNS detec-
tors must address both of these concerns to fully realize
the power of precision CEvNS scattering experiments to
discover new physics.
The use of undoped, inorganic scintillators such as CsI

and NaI operated at cryogenic temperatures [11–14] has
been studied recently as a potential improvement. At 77 K,
the light output of such crystals more than doubles
compared to doped crystals at room temperatures. Detec-
tors using this technology have been proposed to measure
CEvNS [15–17]. Much colder undoped CsI bolometers
have also been used to search for dark matter [18,19],
in particular testing the DAMA [20–22] result. Through a
combination of increased light yield and reduction of
afterglow, long-lived scintillation activity following a
MeV-scale energy deposit that becomes a background
for CEvNS analysis, a cryogenic CsI CEvNS detector
could achieve a threshold lower than the original CsI
threshold by an order of magnitude, making a new and
currently untested kinematic region experimentally acces-
sible. A lower threshold also increases the fraction of
CEvNS events that would be selected by data analysis for a
detector at a stopped-pion neutrino source. At a nuclear
reactor, such improvement would be necessary for CEvNS
detection [23]. A measurement of CEvNS on multiple
targets, light and heavy, is desirable to fully test the
standard model prediction. Next-generation detectors on
argon and germanium, both relatively light, have been
either recently deployed at the SNS (Ge) or started
construction (Ar). High-precision data with a heavy nuclear
target like CsI would supplement these experiments.

In this work, we describe a broad view of the physics
potential of a 10 kg cryogenic CsI detector as part of the
COHERENT program at the SNS [17]. Specifically, we
consider three BSM scenarios; tests of neutrino-quark
nonstandard interactions (NSI), potential to discover hid-
den-sector dark-matter particles, and searches for a sterile
neutrino through BSM neutrino oscillations. We also study
two areas where such data will improve understanding of
nuclear and astrophysics; measuring the weak charge
distribution of the nucleus and observing neutrinos from
a core-collapse supernova. We refer to this proposed
detector as COH-CryoCsI-1 throughout. Though we con-
sidered several of the potential new physics signatures that
a cryogenic CsI scintillator at the SNS may explore, the list
is not exhaustive. For example, this technology can also
test neutrino electromagnetic properties [24,25], a BSM
neutrino magnetic moment [3,9,25–29], and leptoquark
models [30].

II. COHERENT PROGRAM AT THE SNS

The SNS is currently the most intense terrestrial source
of neutrinos in the tens of MeV energy range. During SNS
operations, protons are accelerated to a kinetic energy of
Tp ¼ 1.01 GeV and stacked in an accumulator ring. The
protons are then extracted at a rate of 60 Hz and directed to
a mercury target. Each extraction results in a ≈350 ns
FWHM pulse. The proton power upgrade [31] is currently
increasing the proton energy to Tp ¼ 1.3 GeV and beam
power to 2.0 MW at the target. Recently, steady operations
at a record 1.7 MW power were achieved. Work is expected
to be complete by mid 2024 with full power.
The SNS produces π� mesons naturally as the proton

beam is dumped on the mercury target. The π− capture in
nuclei but the πþ will stop in the target and decay freely
making a πþ decay-at-rest (πDAR) neutrino flux, πþ →
μþ þ νμ, τ ¼ 26 ns. Subsequently, the μþ will then stop in
the target and decay, μþ → eþ þ νe þ ν̄μ, τ ¼ 2.2 μs.
Conveniently, the timescale of the beam is between these
two lifetimes so that the flux separates into two compo-
nents; a prompt, monoenergetic (29.8 MeV) flux of νμ, and
a delayed flux of νe and ν̄μ whose energy distributions are
very well understood from μþ decay kinematics. At the
SNS energy, the flux is a pure ð>99%Þ πDAR source with a
very small contribution from decay-in-flight mesons [32].
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Among artificial neutrino sources, a πDAR flux produces a
large flux of neutrinos in the 10 MeV to 50 MeV energy
range. This energy regime is very useful for astroparticle
neutrino measurements [33,34]; 8B solar neutrinos have a
15 MeVendpoint energy while supernova neutrinos have a
mean energy of 10–20 MeV.
COHERENT operates a suite of neutrino and back-

ground detectors in “Neutrino Alley”, a basement utility
hallway where beam-related neutron backgrounds are
measured to be small enough to facilitate low-rate neutrino
measurements. Taking full advantage of our low-back-
ground environment and the unique energy and intensity of
the SNS, we have adopted a multitarget approach, meas-
uring both CEvNS and inelastic neutrino-interaction cross
sections.
Beyond the first CsI[Na] detector, three COHERENT

CEvNS detectors are currently operating: COH-Ar-10, a
24 kg argon scintillation calorimeter which has seen 3.4σ
evidence for CEvNS [35]; COH-NaI-3500, currently
1500 kg of NaI scintillating crystals which will measure
CEvNS on 23Na and νe CC interactions on 127I; and
COH-Ge-1, an 18 kg germanium p-type point-contact
(PPC) detector array [36–40]. Also taking data are
COH-NaI-185 [41], a 185 kg array of NaI[Tl] crystals
which has measured inelastic neutrino interactions on
NaI and characterized background for COH-NaI-3500;
COH-Th-1, a 52 kg Th target surrounded by water bricks
and NaI crystals to moderate and record neutron capture
gammas which will measure the first neutrino cross section
on thorium [42–44]; COH-D2O-1, a 590 kg heavy water
detector which will calibrate the neutrino flux by collecting
Cherenkov light produced in νe − d interactions [45];
and MARS, a neutron background monitor consisting of
plastic scintillator planes covered in Gd-loaded paint used
to capture neutrons [46].

III. CRYO CSI DETECTOR PERFORMANCE

We propose the COH-CryoCsI-1 detector featuring a
single, cryogenic 10 kg crystal of undoped CsI scintillator.
The conceptual design has evolved since this technology
was first proposed for SNS running in [47]. Critically, we
plan an operating temperature of 40 K to significantly
reduce afterglow backgrounds that plagued COHERENT’s
first CEvNS CsI measurement. Additionally, the detector
sensitivity has been updated in light of early threshold and
background estimates. In [47], we also showed that light
yield is insensitive to crystal size, observing comparable
performances in 1 kg and 0.091 kg samples, suggesting the
technology is scalable while maintaining low threshold.
A conceptual diagram of the detector and shielding is

shown in Fig. 1. Scintillation will be monitored with an
array of ∼400 SiPM detectors affixed to one face of the
crystal for a total active area of roughly 10 × 15 cm2. We
are currently benchmarking and cold testing SiPM arrays
from commercial vendors for inclusion in the final design.

The crystal will be placed in a low-activity copper housing
within a vacuum chamber. A two-stage cryo-compressor
from CryoMech (model AL630) will facilitate the esti-
mated 75 W cooling needed at 40 K with a significant
safety margin.
A composite shielding, very similar to the original CsI

detector shielding, will be built to shield the detector from
outside radiation from the accelerator. An outermost layer
of water bricks will block prompt neutrons from the
accelerator. A veto system built with plastic scintillating
panels will cover the top and four sides of the detector to
reject any cosmic activity. Between the veto and vacuum
chamber, there is a layer of lead and high-density poly-
ethylene to remove external gamma and neutron activity.
A modular upgrade based on the same technology, COH-

CryoCsI-2, is being considered for the SNS second target
station with a total mass of 700 kg [48]. This would
enhance all physics goals described here. The 10 kg COH-
CryoCsI-1 detector would also serve as a prototype for this
future expansion.
The COHERENT CsI detector that first observed

CEvNS achieved a light yield of 13.35 PE=keVee, but it
was only able to achieve a threshold of ≈700 eVee due to a
9 PE coincidence cut to remove both Cherenkov light in the
photomultiplier tube (PMT) and the prominent afterglow
observed in doped CsI[Na] crystals [49] at room temper-
ature. There are three strategies to improve threshold
relative to the original CsI detector; switch from PMT to
silicon photomultiplier (SiPM) light detectors, reduce the
afterglow scintillation rate, or increase the light yield. By
switching to a SiPM readout for COH-CryoCsI-1, all three

FIG. 1. A diagram of the COH-CryoCsI-1 design showing a
10 kg undoped CsI crystal fixed in a two-stage pulse-tube
refrigerator (PTR) and surrounded by a multicomponent shield
assembly.
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of these will be simultaneously met for undoped CsI
crystals operating near 40 K where light yield is optimized,
as shown in Fig. 2.
COHERENT collaborators performed several tests of the

light yield of undoped, cryogenic inorganic scintillators
[13,47,53] at the University of South Dakota. From these,
we have preliminarily estimated the expected COH-
CryoCsI-1 detector performance. SiPM light detectors
yield the most favorable light collection, primarily due
to their large 40-50% quantum efficiency [54]. In these
tests, the light yield of a small cube of undoped CsI,
outfitted with a SiPM array on two faces and operated at
77 K, was measured as 43.0� 1.1 PE=keVee [53]. Yet
unpublished results have achieved >50 PE=keVee using a
wavelength shifting paint in the setup. A SiPM dark-count
rate of 0.2 Hz=mm2 was measured at 77 K [53]. A
Monte Carlo simulation determined a rate of 10 μHz
trigger rate for COH-CryoCsI-1 after requiring a coinci-
dence, Δt < 10 ns, of two PE pulses observed in different
SiPM arrays. When coupled with the small duty factor of
the SNS beam, ≈30 × 10−5, this gives a negligible <1
selected dark count per year from the SiPM assembly [53].
These results, extrapolated from 77 K to 40 K operations,

would suggest a noticeably higher light yield. For this work,
we assume a light yield of 50 PE=keVee, the highest
measured at a test stand. Meanwhile, the dark count rate
in the SiPM arrays will be lower at a lower crystal temper-
ature, as will the afterglow rate in CsI [55]. Combined, we
expect a≈4 PE threshold (equivalent to 80 eVee) for the final
detector after requiring a 2 PE coincidence for selection and
considering the scintillation timing of the crystal.
The shielding used for COHERENT’s first CsI detector

was very effective for the initial detector. Background

levels below 18.7 keVee were monitored in a 12 μs interval
prior to the arrival of the beam signal both during beam-on
and beam-off data collection. The difference in count
rates during beam-on and beam-off operations was
ð−0.9� 1.4Þ%, consistent with no excess due to the
increased radioactivity from the SNS. As the COH-
CryoCsI-1 detector will be operated at 40 K, a cryostat
is necessary and may introduce radiological backgrounds.
The innermost stage of the cryostat will be constructed of
low-activity copper to avoid this.
In CsI crystals, the principal intrinsic backgrounds are

β− decays of 87Rb, a primordial radionuclide that chemi-
cally contaminates the crystals, and 137Cs. Attention must
be given to the concentration of these impurities in the
procured crystal. The first COHERENT CsI detector had
measured concentrations of 72 ppb, of 87Rb and 28�
3 mBq=kg of 137Cs [49]. Preliminary measurements of
87Rb concentration from the SICCAS crystal vendor show
reduced 87Rb concentrations, 1–4 ppb while 137Cs concen-
trations are being assessed. As such, the backgrounds in
COH-CryoCsI-1 may be lower than in the first CEvNS
detector. However, we assume the background rate will be
the same as in the first CsI detector, shown in Fig. 3.
Further, we extrapolate the background rate as constant
below 1.5 keVee although background dropped below
threshold in CsI data. Background from the original CsI
detector increased below 2 keVee but we expect this is an
artifact of afterglow scintillation rather than increased
background activity. As the afterglow rate is significantly
reduced at 40 K, we assume this increase will not affect
COH-CryoCsI-1. A background simulation which includes
intrinsic rates, afterglow determined by characterization
data, and external sources is currently being developed to
cross-check our current model. Further, since the signal to

FIG. 2. The light yield as a function of operating temperature
for undoped CsI scintillators. For undoped CsI, ∼40 K is an ideal
temperature. Figure reproduced from [50]. Data from [51,52]
based on alpha and gamma irradiation. Quenching is accounted
for with the alpha measurements.

FIG. 3. The steady-state background model assumed in COH-
CryoCsI-1, based on initial data from COHERENT’s first CsI
detector. The first two data points are suppressed due to the
original detector’s high threshold. We conservatively increase the
estimate for these points to 196 counts=keV=kg=day, the value in
the third bin, in our model.
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background ratio is >1, sensitivities are not strongly
dependent on the actual background rate.
A beam-related neutron (BRN) background is also

expected with the expected rate taken from the initial
CsI detector. The neutron flux is known to vary over the
length of Neutrino Alley; we will place COH-CryoCsI-1 in
the vicinity of the original CsI detector location. We thus
assume the neutron flux observed in that detector will also
be incident on COH-CryoCsI-1. Correcting for beam
power, detector mass, and detector threshold, this contrib-
utes ≈21 neutron events per year.
Inelastic neutrino interactions, described in [56], were

studied as a potential background but not included. These
events would produce a nuclear recoil and a gamma ray.
In a fraction of events, the gamma will escape, so that the
interaction is mistaken as CEvNS. The selected background
rate is low enough that it is currently neglected. Also
noteworthy, the doubling of the beam power (see Sec. II)
will also improve signal-to-background relative to the first
COHERENT CsI detector. Sensitivity estimates assume the
planned 2.0 MW running.
As a last but vitally important component required for

calculating the CEvNS signal prediction, we must assume a
nuclear quenching. Generally, only a fraction of the energy
deposited by a recoiling nucleus produces scintillation
light—much is lost due to ionization and heat. This
quenching factor depends strongly on material, doping,
temperature, and other parameters. COHERENT collabo-
rators have taken quenching factor data with undoped
CsI at 77 K at Triangle Universities Nuclear Laboratory
(TUNL). Though data analysis is underway, preliminary
estimates point to a roughly energy-independent quenching
factor of ≈15%. We further assume a 10% relative uncer-
tainty on that central value, achievable in past measurements
of quenching in inorganic scintillators [57].With this, COH-
CryoCsI-1 would have a ≈500 eVnr threshold for nuclear
recoils. In undoped scintillators, the quenching factor
can depend strongly on temperature, shown recently in
response to α recoils [58]. A recent measurement of
nuclear quenching factors at 108 K found values more
similar to room-temperature CsI than COHERENTwork at
77 K [59]. Consequently, COHERENT plans a more
thorough measurement of the quenching factor at different
temperatures including at the planned 40 K operating
temperature.
It is also worth noting that increased light yield, beyond

lowering threshold, will also improve both detector timing
and energy resolution. Recoil time for a CEvNS interaction
is determined from the first observed PE pulse in a
reconstructed waveform. For a scintillator, this resolution
is the scintillation time constant divided by the number of
PE pulses observed. With its high light yield, COH-
CryoCsI-1 will have precise timing resolution, allowing
excellent separation of prompt and delayed CEvNS.
Similarly, the energy resolution scales as 1=

ffiffiffiffi
N

p
if photon

counting dominates the resolution. This will be advanta-
geous for extracting physics that distorts the CEvNS cross
section’s dependence on momentum transfer, Q2, such as
measuring nuclear form factors and testing the weak charge
distribution. A summary of assumed detector performance
parameters is shown in Table I.

IV. SEARCHING FOR LOW-MASS MEDIATORS
OF NEW FORCES

The earliest CEvNS results [2,35,60–62] have success-
fully demonstrated CEvNS as a powerful probe of neutrino
nonstandard interactions (NSIs) [6,7,9,63]. NSIs would be
a natural consequence of a new force that couples feebly to
standard model particles and gives rise to flavor-dependent
anomalous couplings between neutrinos and quarks. The
possible NSIs are usually described by a general effective
Lagrangian parametrized by the tensor of couplings εqαβ,
where α and β are initial and final neutrino flavors ðe; μ; τÞ
and q is the quark flavor ðu; dÞ [64–66]. The presence of
neutrino NSIs would alter neutrino flavor transitions in
matter, leading to ambiguities in NSI and neutrino-mixing
parameter space [4,67–69].
Within the standard model, neutrinos propagating

through matter experience an increased effective mass
due to low-Q2, forward ν − e elastic scattering. This is a
purely neutral current (NC) interaction for νμ and ντ flavors,
but for νe neutrinos, both NC and charged current (CC)
diagrams contribute, leading to a higher scattering poten-
tial. Thus, the νe flavor propagates with a different effective
mass. This contributes an additional term to the vacuum
oscillation Hamiltonian of

H0 ¼ A

0
B@

1þ εee εeμ εeτ

εμe εμμ εμτ

ετe ετμ εττ

1
CA; ð1Þ

in the flavor basis where A ¼ ffiffiffi
8

p
GFNeEν, GF is the Fermi

constant, Ne is the density of electrons in matter, Eν is the

TABLE I. A summary of assumed operation and performance
parameters for COH-CryoCsI-1.

Parameter Value

Operating beam power 2.0 MW
Operating temperature 40 K
Cooling power at 40 K 75 W
Active mass 10 kg
SiPM coverage 10 × 15 cm2

Light yield 50 PE=keVee
Quenching factor 15% �1.5%
Threshold ≈0.5 keVnr
CEvNS rate 1047=yr
Background level ≈120=keVee=kg=day
BRN backgrounds 21=yr
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neutrino energy, and εαβ have been summed over u, d
couplings weighted by the relative densities of quarks and
electrons in matter. By assuming εee ¼ −2 with other
couplings 0 and adjusting the neutrino mixing parameters
as in [4], the Hamiltonian is transformed asH → −H�. This
scenario preserves oscillation dynamics and is not testable
with oscillation experiments alone [70]. Further, since
oscillations do not depend on the absolute mass scale,
adding a multiple of the identity matrix to H0 also has no
effect. Thus, there is a linear space of NSI parameters
(εee ¼ −2þ x, εμμ ¼ εττ ¼ x) that would imply dramati-
cally different oscillation parameters from those typically
quoted such as Δm2

32 → −Δm2
32 and δCP → π − δCP

[71,72]. These two solutions described by the absence
or presence of NSIs are termed the large mixing angle
(LMA) and LMA-Dark solutions, respectively. Data from
scattering experiments are required to resolve this degen-
eracy [70]. There must be NSIs for either νe ðεee ¼ −2Þ,
or νμ and ντ ðεμμ ¼ εττ ¼ 2Þ, for LMA-Dark to hold.
COHERENT detectors, in the multiflavor πDAR neutrino
flux at the SNS, can test both εee and εμμ. Thus,
COHERENT can address the LMAvs LMA-Dark question.
In effective field theory, early results from

COHERENT’s first CsI detector strongly disfavor NSI
couplings required to satisfy the LMA-Dark scenario. The
COH-CryoCsI-1 and future upcoming 18 kg germanium
(COH-Ge-1) and 750 kg argon (COH-Ar-740) CEvNS
detectors will all improve on constraints of these NSI
couplings [17]. However, for mediator masses below the
momentum transfer at the CsI threshold,

ffiffiffiffiffiffi
Q2

p
≈ 40 MeV,

this approach of treating NSI effects as simple scale
factors becomes invalid and LMA-Dark remains viable.
Fortunately, the parameter space is bounded; a mediator
lighter than 3.1 MeVwould affect big bang nucleosynthesis
and is ruled out by cosmology [73]. Thus, there is an
opportunity for upcoming CEvNS detectors to decisively
resolve the LMA vs LMA-Dark question by improving the
thresholds of CEvNS detectors, bridging the gap between
current constraints from cosmology and neutrino scattering.
With an ≈80 eVee threshold, multiple neutrino flavors
accessible in the SNS flux, and the detector’s fast timing,
COH-CryoCsI-1 is unique among COHERENT’s future
detectors in satisfying all these requirements. It can con-
clusively clarify the ambiguity between the NSI and
neutrino-mixing landscapes ahead of precision oscillation
data with DUNE, T2HK, and JUNO [74–77].
A mediator of a new force with the same strength as the

weak force would yield neutrino NSI effects of order ε ∼ 1.
There may be NSI effects of a similar strength to the
standard model weak couplings, but such small effects
would be incredibly challenging to detect in strong or
electromagnetic interactions. Measurements with unprec-
edented precision, however, may detect the subtle influence
of the new mediator. Perhaps the most famous example is
the g − 2 measurement of the muon anomalous magnetic

moment at BNL [78] and FNAL [79,80] which has
observed a notable discrepancy with standard model
calculations [81]. This discrepancy is often attributed to
a dark photon that interferes with the standard model
photon [82] and is also predicted to interfere in neutrino
scattering amplitudes. Consequently, searches for neutrino
NSIs at CEvNS experiments are an additional and direct
probe of new mediators that may explain g − 2 by testing
flavor-dependent NSI effects in neutrino scattering.
The standard model differential CEvNS cross section can

be approximately written as

dσ
dEr

¼ Q2
W

2π

�
1 −

2mNEr

E2
ν

�
jFðQ2Þj2; ð2Þ

where Er is the nuclear recoil energy, mN is the nuclear
mass, Eν is the incoming neutrino energy, and QW ¼
gpZ þ gnN is the nuclear weak charge with Z and N the
proton and neutron numbers of the nucleus. In the standard
model, gSMp ¼ 1=2 − 2sin2 θW and gSMn ¼ −1=2. If NSIs
from a heavy vector mediator are included and we assume
neutrinos couple equally to u and d quarks, these couplings
are adjusted for neutrino flavor α as gp → gSMp þ 3εαα and
gn → gSMn þ 3εαα. In the case that the mediator mass is not

≫
ffiffiffiffiffiffi
Q2

p
, the εαα become functions of Q2:

εααðQ2Þ ¼ gqgαffiffiffi
8

p
GF

1

m2
V þQ2

; ð3Þ

where gq and gα are the q and να charges under the new
forces and mV is the mediator mass. Thus, NSIs affect the
CEvNS shape as well as the rate.
Since light-mediator NSIs would affect the CEvNS

recoil distribution, systematic uncertainties that distort the
shape must be properly accounted for. For this preliminary
estimate of the detector’s reach, we considered three
sources of systematic uncertainty; neutrino flux, quench-
ing, and nuclear form factor, which are summarized with
statistical errors in Fig. 4. The neutrino flux uncertainty,
currently 10% from a comparison of simulation to hadron
production data [32], was taken as 3% which is achievable
with COHERENT’s flux calibration efforts [45]. For other
uncertainties, we accounted for expected spectral distor-
tions on CEvNS selected by our cuts.
We assume that the quenching of scintillation from

nuclear recoils is flat, ð15� 1.5Þ%, as a preliminary
estimate (as discussed in Sec. III) analysis of quenching
data is ongoing. Quenching dramatically changes the
analysis threshold COH-CryoCsI-1 can achieve and gives
a large uncertainty at low-recoil energies where light-
mediator NSI effects are most prominent. As this affects
the CEvNS sample in the most sensitive kinematic region,
we plan additional quenching measurements that extend
lower in energy, near the detector threshold.
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Neutrino timing will be important for separating spectral
distortions arising from physics and systematic effects at
low Q2. Because prompt νμ and delayed νe=ν̄μ neutrino
fluxes are separated in time, it will be possible to detect
different couplings to νe and νμ neutrino flavors even with
large uncertainties at the lowest recoil energies. This is a
key advantage of COH-CryoCsI-1 over semiconductor
detectors such as COH-Ge-1, which achieves similarly
low recoil thresholds but with worse timing resolution.
The nuclear form factor gives the degree to which the

extent of the weak nuclear charge is finite rather than
pointlike. At large Q2, the diffuse charge distribution leads
to incoherence, reducing the CEvNS cross section. We used
the Klein-Nystrand form factor [83] which is parametrized
by the neutron radius, Rn. We took a 5% uncertainty in Rn.
This has very little effect on CEvNS events near threshold,
but the uncertainty measurably affects events at large recoil
energies. At 20 keVnr, this uncertainty in Rn translates
to a �5% uncertainty in the CEvNS rate. Conversely, this
suppression at high Q2 allows CEvNS to constrain the
weak charge radius of the nucleus, which we describe
in Sec. VII.
There is strong complementarity between measurements

at reactors and accelerators. The neutrino flux at the former
is entirely ν̄e while the flux at the latter contains νμ, νe, and
ν̄μ flavors. As such, first we considered a scenario where
reactor constraints have unambiguously determined the
coupling εee ¼ 0 and later considered a scenario with no
reactor input, treating both εee and εμμ to be completely free
parameters.
We have estimated the sensitivity of a three-calendar-

year run of a 10 kg CryoCsI detector at the SNS to light
mediator neutrino-quark NSIs given the expected back-
ground and signal sample determined in Sec. III with a

particular emphasis on resolving the neutrino-oscillation
ambiguity. We performed a 2D log-likelihood fit using
Asimov fake data [84] generated with no NSI effects. The
fake data were binned in both recoil energy and time to
detect the expected Q2-dependent distortions and separate
νe and νμ flavors. Penalty terms for the three systematic
uncertainties (neutrino flux, quenching, and form factor
suppression) were included in the likelihood. For each set
of true model parameters, ðmV; εee; εμμÞ, we calculated a
−2Δ logL by profiling over all nuisance parameters. From
this, we calculated the 2σ exclusion curves we would draw
if no new physics were detected. We assumed Gaussian
statistics with 2D critical Δχ2 values and allowed only two
physics parameters to vary at a time.

A. Case 1: NSI constraints available from reactor
experiments

First, assuming that εee is known to be 0 from reactor data,
we tested the νμ coupling of the NSIs as a function of
mediator mass. The expected sensitivity of COH-CryoCsI-1
is shown in Fig. 5 compared with additional constraints from
cosmology. The diagonal gray band gives the LMA-Dark
parameter space, εμμ ≈ 2, that is allowed by oscillation data.
At the lowest mediator masses where LMA-Dark remains
viable, we could identify νμ-coupled NSIs at over 2σ.
For masses near the cosmological limit, the recoil energy

shape is only distorted near the detector threshold. To show
how this compares to the large uncertainty on the event rate
from quenching in this region, we show the standard model
prediction with systematic error band and the distorted
spectrum expected for a LMA-Dark scenario with mediator
mass fixed at 3 MeV and 10 MeV in Fig. 6. Here, we
assumed that the NSIs giving rise to the LMA-Dark
solution are entirely in the νμ and ντ flavors. The sample
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FIG. 4. The expected CEvNS rate with statistical errors after
background subtraction and systematic errors (red shaded re-
gion). Below, we show the decomposition of the systematic
uncertainty into neutrino flux, quenching factor (QF), and form
factor (FF) uncertainties.

FIG. 5. A summary of LMA-Dark viable NSI parameter space
(gray band) compared to current constraints from cosmology
(blue vertical region). COH-CryoCsI-1 will disfavor couplings
above the orange curve, assuming the LMA solution. CEvNS
data from nuclear reactors is implicitly assumed to fully test the
νe NSI coupling.
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was subdivided further to those events with recoil times
< 1 μs and ≥ 1 μs, which select subsamples of CEvNS
from nearly pure νμ and from a mix of νe and ν̄μ flavors,
respectively. Thus, the NSI effects are more pronounced in
the < 1 μs sample. In the mV ¼ 3 MeV case, the NSIs
suppress the prompt (delayed) event count by 50% (30%)
for PE < 10 so that even a large uncertainty in the
quenching can be distinguished from the NSI physics to
a certain degree. For the LMA-Dark parameter space with
mV > 10 MeV, the spectrum is very dramatically altered
and COH-CryoCsI-1 can distinguish between the LMA and
LMA-Dark hypotheses at very high significance.

B. Case 2: No input from reactor experiments

We also consider the scenario where both εee and εμμ are
unconstrained parameters, temporarily neglecting any con-
straints from CEvNS experiments at nuclear reactors. The
same fitting procedure was applied to test the COH-
CryoCsI-1 sensitivity in this scenario, again after 3 years
of SNS running, as shown in Fig. 7. Resulting 2σ contours
are shown as a function of the LMA-Dark NSI parameter
space. Though COH-CryoCsI-1 could distinguish between

LMA and LMA-Dark in the νμ flavor assuming εee ¼ 0, the
detector cannot test all parameter space for nonzero values
of the νe coupling for mV ≈ 3 MeV. In this sense, inno-
vations in low-threshold CEvNS detectors at reactors
[85,86] are as essential as COH-CryoCsI-1 to determining
the neutrino mixing landscape. Reactors have sensitivity to
εee from the large ν̄e flux produced during fission, placing a
horizontal contour in Fig. 7. To fully understand the
interplay of light-mediator NSIs and neutrino oscillations,
reactors would need to test εee < 0.1 so that, when
combined with COH-Cryo-CsI-1, the LMA-Dark solution
can be fully explored at > 2σ.
Apart from applications to neutrino-oscillation experi-

ments, COH-CryoCsI-1 will also directly test a new-force
explanation of the anomalous muon magnetic moment
observed in g − 2. Though the size of the anomaly
determines the charge of the muon under this new force,
couplings to other standard model fermions could generally
be free. A new force with universal couplings is strongly
disfavored from electron scattering experiments which
show agreement with the standard model couplings even
at low Q2 [82].
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FIG. 6. Background-subtracted CEvNS spectra expected in COH-CryoCsI-1 in the prompt (left, trec < 1 μs) and delayed (right,
trec ≥ 1 μs) timing regions of interest. For each case, we compare the expected standard model prediction with statistical and systematic
uncertainties to the central-value prediction in the presence of a light mediator coupling neutrinos and quarks. We chose two mediator
masses; 3 MeV (top) and 10 MeV (bottom).
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As an interesting example, the anomaly-free Lμ − Lτ

symmetry may arise from a gauge boson, resulting in a
Uð1Þ dark-photon, V, extension to the standard model
which can explain g − 2 [87,88]. Such a simple solution
would have profound implications if directly observed
and would naturally explain dark matter [89–91] and the
neutrino masses [89,92,93]. However, as only μ, τ, and their
corresponding neutrinos would be charged under such a
force, this is among the most elusive dark photon explan-
ations of g − 2. COHERENT can test the muon coupling
due to the νμ=ν̄μ flux at the SNS [10,94]. Constraints from
first-light detectors fall just short of other constraints, but
future CEvNS detectors with larger sample sizes and lower
thresholds can exhaustively test the g − 2 favored param-
eter space for the Lμ − Lτ model [94].
To tree level, only μ, τ generations of leptons are charged

and this new force has no effect on the CEvNS cross
section. However, the gauge boson can mix with the photon
by virtual μ or τ bubble which then couples νμ neutrinos
with the proton number of a nucleus. This modifies the
weak charge of proton coupling in QW of the nucleus as

gp → gSMp þ g2Vffiffiffiffiffi
18

p
πGF

αEM log

�
mτ

mμ

�
2
�

1

m2
V þQ2

�
; ð4Þ

where gV is the charge of the new force for μ and τ lepton
generations. In this sense, the Lμ − Lτ model induces
Q2-dependent effects analogous to low-mediator NSIs for
the νμ=ν̄μ fluxes present at the SNS. The same framework

developed for testing LMA-Dark can thus be directly
applied to this problem. Notably, this affects the proton
coupling, as opposed to CEvNS which preferentially
couples to neutrons. Thus, a positive detection in COH-
CryoCsI-1 may be disentangled from mismodeling of the
standard model background by comparing CEvNS on
multiple targets with different N=Z ratios.
Thus, we determined the Lμ − Lτ parameter space that

COH-CryoCsI-1 will be sensitive to with a 2D fake data
sensitivity fit. As scattering of νe is unaffected, timing is
similarly important. The sensitivity after three years is
shown in Fig. 8. The model is only viable for mediator
masses between roughly 10 MeV and 200 MeV, below
which Borexino [95] and above which CCFR [96,97],
BABAR [98], and CMS [99] (sensitive at mV > 4 GeV
outside the region of interest of the plot) can rule out any
parameter space consistent with g − 2. Similar to the LMA
vs LMA-Dark question, this leaves a bounded parameter
space for future experiments to explore. Results from the
COH-CryoCsI-1 detector will test about half of the remain-
ing Lμ − Lτ parameter space which would explain the g − 2

anomaly. The remainder could be explored [94] with the
upgraded 700 kg COH-CryoCsI-2.

V. POTENTIAL TO DISCOVER HIDDEN-SECTOR
PARTICLES

The SNS is a world-leading neutron and neutrino
production facility, with operations planned to increase
to 2.0 MW. This intensity also makes the SNS an excellent
beam-dump facility. Hidden-sector particles may be pro-
duced abundantly through anomalous decays of meson
such as π0=η0 as a consequence of the ∼2 × 1023 protons
on target delivered each year, and may scatter or decay in
COHERENT detectors, leaving a visible signature which
can be observed over the CEvNS excess. CEvNS detectors

FIG. 7. Capacity for COH-CryoCsI-1 to test the NSI parameter
space consistent with LMA-Dark by neutrino coupling, both νe
and νμ=ντ flavors, to quarks, assuming the LMA solution. No
additional NSI constraint from reactor CEvNS experiments is
assumed. We compute the sensitivity both at a mediator mass of
3 MeV, at the cosmological limit, and at a higher mass, 10 MeV.
Allowed parameter space is to the top and left of the curves.
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FIG. 8. Sensitivity of COH-CryoCsI-1 (solid orange) to a Lμ −
Lτ mediator compared to current constraints from COHERENT
(solid green) and other experiments (dashed lines). Such a model
would resolve the reported g − 2 anomaly in the parameter space
given by the blue shaded region.
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show novel sensitivity to vector [8,100–105] and axionlike
particle (ALP) portals to the hidden sector [106–109].
The study of ALP detection at the SNS is underway, and
here we describe sensitivity to a DM model that features
kinetic mixing between the photon and a vector portal
particle already studied by COHERENT in the original CsI
detector [110,111].
As in the low-mediator NSI case, the low-threshold and

favorable timing resolution of the cryogenic scintillator
technology give this detector a much higher efficiency. This
is particularly true for dark matter with massmχ < 10 MeV
which produces a softer energy spectrum. The expected
energy and time distributions of DM-induced nuclear
recoils are shown in Fig. 9 for the lowest DM mass we
considered, mχ ¼ 1 MeV. At this mass, the efficiency was
estimated at 11% in the COH-CryoCsI-1 detector com-
pared to 0.09% in COHERENT’s first CsI detector, an
improvement of over two orders of magnitude.

The timing distribution for DM recoils is very favorable
at the SNS. Any DM produced would arrive coincident
with the prompt νμ flux. As shown in Fig. 9, there is a large
number of delayed CEvNS scatters which can be used to
constrain the detector response uncertainties and improve
the prediction of the signal neutrino spectrum [110]. Due
to this uncertainty reduction, CEvNS experiments do not
become limited by systematic uncertainties at exposures
possible at the SNS. In [111], the dark-matter sensitivity
has been calculated for two detectors: COH-CryoCsI-1
and the upgraded COH-CryoCsI-2. Expected contours are
shown in Fig. 10. With its low threshold, even the 10 kg
COH-CryoCsI-1 detector would have sensitivity to new
DM parameter space beyond any other detector to be
commissioned in Neutrino Alley for mχ < 20 MeV. This
will test the theoretically motivated relic abundance lines
for both scalar and Majorana fermion DM over a significant
portion of the surveyed parameter space.

VI. SEARCHING FOR STERILE NEUTRINOS
WITH CEVNS DISAPPEARANCE

Neutrino-oscillation experiments are constantly improv-
ing understanding of neutrino mixing. Interestingly,
some observed oscillation signatures are inconsistent with
the three-flavor paradigm and could be explained by one
or more additional sterile neutrino states. The LSND
experiment [112] first reported such a signature using
accelerator neutrinos, followed by MiniBooNE [113].
Later, similar anomalies were detected in gallium experi-
ments [114–118]. Evidence for sterile oscillations has been
found in reactor-based experiments [119] but may instead
be a consequence of poor understanding of fission products
inside reactors [120]. These results can be explained with a
sterile neutrino state with a mass splitting Δm2

41 ≈ 1.7 eV2

determined from a global fit [121]. However, many experi-
ments running similar searches have found results that are
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inconsistent with a sterile neutrino to a large significance
[122–125]. Many of these experiments use neutrino scat-
tering at ∼1 GeV where neutrino interaction uncertainties
complicate the interpretation of many experimental results.
CEvNS, however, is very cleanly calculated in the standard
model so that precision CEvNS datasets evade the com-
plicated interaction modeling.
The COHERENT experiment has deployed CEvNS

detectors at multiple baselines between 19 m and 28 m.
The neutrino energies, in the 10s of MeV, are ideal for
testing mass splittings of ≈2 eV2, very near the best-fit.
Since CEvNS is a NC process, it is insensitive to three-
flavor oscillations, but a sterile neutrino does not participate
in the weak force, so oscillations from active to sterile
states would be observable as a reduction of the CEvNS
rate [126,127], depending on the baseline and neutrino
energy as L=Eν. Since the relevant baselines are too short
for oscillations from Δm2

21 and Δm2
31 mixing, the NC

disappearance probability can be written as

Pðνe → νsÞ ¼ sin2 2θ14cos2 θ24cos2 θ34sin2
Δm2

41L
4Eν

;

Pðνμ → νsÞ ¼ cos4 θ14sin2 2θ24cos2 θ34sin2
Δm2

41L
4Eν

; ð5Þ

for νe and νμ=ν̄μ flavors, respectively. With the multiple
flavors produced at the SNS that are separable in time, our
detectors can directly measure θ14, θ24, and Δm2

14 from
characteristic dips in our observed energy and time spectra.
Oscillation probabilities depend weakly on θ34. This angle
is known to be small from unitarity [128], and we assume
this parameter is 0.
The disappearance channel is inherently favorable to

study. The νμ → νe channel depends on the parameter
sin2 θμe ¼ sin2 θ14sin2 2θ24, which is fourth order in the
small angles θi4. The disappearance channels are only
quadratic in θi4. Thus, though the LSND/MiniBooNE
anomaly is only a 0.3% effect, the disappearance channels
each predict a ≈10% effect at oscillation maximum.
Such a deficit would be detectable with precision
CEvNS experiments.
Beyond reduced interaction uncertainties with the

CEvNS interaction channel, a πDAR neutrino flux gives
a monoenergetic, prompt flux of νμ at Eν ¼ 29.8 MeV.
Since the baseline is fixed, a measurement of the prompt
CEvNS rate would precisely measure Δm2

41 if a sterile
state exists near the global fit. CEvNS is a NC process, so
there is only slight correlation between neutrino energy and
observable recoil energy. However, there is a maximum
recoil energy of 2E2

ν=mN, where mN is the nuclear mass.
Thus, selecting the highest observable recoil energies also
selects the highest energies produced at the SNS, effec-
tively making a narrow-band near the flux endpoint. With a
2D fit in recoil time and energy, COHERENT can test

disappearance with νe and νμ flavors and has two distinct
signal regions with a narrow flux distribution. Together
with COHERENT’s multiple-detector layout, a positive
sterile-neutrino detection would have multiple cross-checks
built into the analysis to distinguish between sterile oscilla-
tions and other new physics or systematic mismodeling.
In Fig. 11, we show expected sensitivities to Δm2

41 and
mixing angles after three years of running for three
COHERENT detectors: COH-CryoCsI-1; COH-Ge-2, a
future proposed concept of germanium PPC detector
(50 kg); and COH-Ar-750. For each detector, we assume
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FIG. 11. Sensitivities for COHERENT argon (detector to be
completed 2024), cryogenic CsI (currently described), and
germanium (upgrade with triple mass compared to detector
currently running at the SNS) detectors to test the sterile-neutrino
hypothesis in the νe (top) and νμ (bottom) disappearance cases.
For each, a joint fit of all three datasets is compared against a
global fit [121] of all short-baseline oscillation data.
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three systematic uncertainties: 10% on the neutrino flux
(which is correlated between all detectors), quenching and
associated uncertainties (taken from CONUS [129] for
germanium and [35] for argon), and nuclear form factor
(by varying Rn � 5%), Generally, the θ24 constraint is
stronger as two flavors, νμ=ν̄μ contribute. The sensitivity
depends sharply on Δm2

41 above 4 eV2 for the θ24 contour.
This is due to the monoenergetic νμ flux which selects a
specific Δm2

41. We also show a combined fit of all three
COHERENT datasets which improves on each individual
measurement due to improved understanding of the base-
line dependence on the oscillation and cancellation of the
correlated neutrino-flux uncertainty.
The parameter space preferred by a 2016 global fit of

sterile-neutrino data is also shown. The fit prefers higher
values of θ14 than θ24. Given COHERENT’s preferential
sensitivity to θ24, COHERENT can probe the best-fit
parameter space in both mixing angles. For sterile neutrino
oscillations, the combined information from multiple
COHERENT subsystems is very beneficial. All detectors
play an important role and cross-check each other by
studying the L=Eν oscillation dependence. With the robust
CEvNS signature, COHERENT is well positioned to shine
new and valuable insight on this long-standing anomaly in
the coming years.

VII. MEASURING THE NEUTRON CHARGE
DISTRIBUTION

In the limit Q2 ¼ 0, the nucleus acts like a point source
of weak charge, and CEvNS is truly coherent. At finite
momentum transfers where the deBroglie wavelength of
the momentum transfer, Q, is not small compared to the
nuclear radius, the scattering is only partially coherent. In
these situations, the CEvNS cross section is suppressed by
the form factor, jFðQ2Þj2 in Eq. (2), which describes the
spatial distribution of the weak nuclear charge. This is
currently the largest source of uncertainty on the standard
model prediction of the CEvNS cross section. Conversely,
the Q2 dependence allows CEvNS experiments to directly
measure the form factor [130–133] and access the nuclear
equation of state. As CEvNS is primarily sensitive to the
neutron number of the nucleus, COH-CryoCsI-1 will
primarily measure the neutron density distribution. To first
order, this is determined by the neutron radius, defined as
the root-mean-square distance to each neutron from the
nucleus center, Rn ≡

ffiffiffiffiffiffiffiffiffi
hR2

ni
p

.
The nuclear physics of the weak charge distribution

directly affects our understanding of the astrophysics of
neutron stars [134]. In heavy, neutron-rich nuclei like 133Cs
and 127I, neutrons will extend beyond the proton distribu-
tion, forming a neutron skin given by the difference in
neutron and proton radii, Rn − Rp. The neutron skin relates
to the surface tension which balances against the degen-
eracy pressure of the neutron matter [135]. The same

nuclear physics determines the equation of state near the
surface of a neutron star [135–138]. As such, terrestrial
scattering experiments directly clarify predictions of the
radii of neutron stars. This also includes the nuclear physics
of binary neutron-star mergers [139–141], a very relevant
area of work following the LIGO/Virgo detection of
GW170817 [142]. Terrestrial CEvNS experiments are also
a vital component needed for understanding the mass of
neutron stars [143]. In CsI specifically, measurements of Rn

improve measurements of the weak mixing angle at lowQ2

by reducing dominant uncertainties of atomic parity-
violation measurements in 133Cs [144].
The weak form factor has been measured in the parity-

violating electron scattering experiments, PREX [145] and
CREX [146], which together saw a relatively large neutron
skin in 208Pb and a small skin in 48Ca. This is discrepant
with nuclear models at ≈2σ [147]. Conveniently, precision
CEvNS experiments are maturing in time to clarify these
results. Measurements with Ar in COH-Ar-750 will test
the neutron skin with a light nucleus, like 48Ca, and CsI in
COH-CryoCsI-1 will do the same in a heavier nucleus,
analogous to 208Pb, and directly test whether the neutron
skin increases with nuclear mass.
To demonstrate the dependence of the CEvNS cross

section on the nuclear equation of state, Fig. 12 shows the
CEvNS excess over background expected after 3 years of
COH-CryoCsI-1 running compared to the CEvNS predic-
tion with Rn ¼ 0. The figure displays a larger uncertainty
compared to nuclear physics calculations, �10% to illus-
trate the dependence on Rn. Particularly at high recoil
energies, and thus high Q ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2mNErec
p

, the nuclear effects
are apparent. To test the sensitivity of COH-CryoCsI-1
to Rn, we ran likelihood fits using fake data produced
with the Klein-Nystrand form-factor parametrization [83].
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For fitting, we did not assume any form-factor model,
instead fitting the suppression to an arbitrary polynomial.
Smearing between true recoil energy and observed PE
was accounted for. With the high light yield expected in
the COH-CryoCsI-1 detector, smearing effects were
minimal, smaller than the bin width for Q < 58 MeV.
From [130,148], the linear term in the Q2 Taylor expansion
of the form factor directly relates to the neutron radius. As
shown in Fig. 13, next-generation CEvNS detectors like
COH-CryoCsI-1 will also have sensitivity to the quadratic
term in the expansion, which relates to

ffiffiffiffiffiffiffiffiffi
hR4

ni4
p

, a measure
of the diffuseness of the nuclear equation of state. We can
distinguish between quadratic and linear fits at a low
statistical significance, ≈4σ.
The determined sensitivity to both of these parameters is

shown in Fig. 14 after three years of running at the SNS.
Without assuming a form-factor parametrization, the detec-
tor could make a model-independent measurement of Rn to
≈7% when profiling over

ffiffiffiffiffiffiffiffiffihRni4
p

. There is < 1σ sensitivity
to the cubic term in the Q2 expansion with 10 kg of CsI,
though this term may be accessible with an upgraded CsI
detector. Previously, a 2.9% sensitivity to Rn was calculated
for COH-CryoCsI-1 that assumed a specific form-factor
parametrization [17]. This level of precision is suitable for
testing the large neutron skin observed in PREX [145],
≈2% uncertainty, in heavy nuclei.

VIII. OBSERVING NEUTRINOS FROM A
GALACTIC CORE-COLLAPSE SUPERNOVA

Detection of neutrinos from the supernova 1987a
[34,149–152] was pivotal for the development of neutrino
astronomy and serves as an archetypical example of
multimessenger observation. As a very massive star runs

out of fusionable fuel, it undergoes a core-collapse super-
nova where its stellar core gravitationally collapses to either
a neutron star or black hole. In the process, the supernova
releases ∼1058 neutrinos with energies in the 10s of MeV
over several seconds. For supernovae within the
Milky Way, this is a large enough flux to be detected in
many neutrino experiments. Due to the rarity of such
collapses, 3� 1=century in the Milky Way, an observa-
tional approach utilizing multiple experiments with com-
plementary sensitivity to the neutrino flux is desirable.
Several experiments currently running are actively waiting
for the next galactic supernova neutrino burst [153–159]
with more soon to turn on [160–163].
As a NC process, CEvNS detectors are sensitive to all

flavors of neutrinos and antineutrinos, giving a complete
picture of the neutrino emission profile. The NC channel is
also insensitive to uncertainties in three-flavor neutrino
oscillations, which become nonlinear at neutrino densities
experienced in the protoneutron star [164–166]. Given
the large cross section for CEvNS, a reasonable event
rate is possible with even ton-scale detectors. Dark-matter
experiments will observe CEvNS from a supernova with
the large liquid-noble scintillation detectors driving sensi-
tivity [158,163]. Event rates expected in each detector are
small, ∼10–100 CEvNS events for a collapse at 10 kpc, but
given the multiple instrumented detectors throughout the
world, the global CEvNS event rate can be significant.
A second-generation CryoCsI detector, either placed at

the SNS or developed as a dedicated underground astro-
particle experiment, would contribute to this measurement,
and benefits from experience gained from running COH-
CryoCsI-1 at the SNS. We assume COH-CryoCsI-2 has a
mass of 0.7 t which similarly achieves a light yield of
50 PE=keVee. We show here potential sensitivity to a
supernova neutrino flux produced in a collapse simula-
tion [167]. As a representative sample, we considered a
20M⊙ collapse with metallicity z ¼ 0.004 and a shock
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FIG. 13. Reconstructed form factors, determined by the ratio of
expected CEvNS scatters to the point-source expectation. Addi-
tionally, the result is fit to a linear (purple) and quadratic (green)
function. The quadratic function, unlike the linear, can more
completely capture the Q2 dependence at SNS energies.

FIG. 14. Sensitivity of COH-CryoCsI-1 to the linear and
quadratic terms of the form-factor suppression, giving the neutron
radius (y − axis) and

ffiffiffiffiffiffiffiffiffi
hR4

ni4
p

(x − axis).
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revival time of 200 ms at a distance of 10 kpc. This
particular simulation provides information for 20 s follow-
ing the supernova onset. With the simulated efficiency
estimated for 700 kg of instrumented CryoCsI, such a
detector would expect 20.7 CEvNS interactions from this
progenitor. The time profile is shown in Fig. 15.
At the ton scale, CEvNS detectors can detect supernova

neutrino bursts from across the galaxy with an event rate of
∼1=50 kg from a typical burst at 10 kpc. COH-CryoCsI-1
alone would only be sensitive to supernovae within ≈1 kpc
from Earth. When combined with other COHERENT
detectors, the additional active CsI mass would improve
event yields expected from a further burst. A self-trigger in
event of a supernova would be developed for COH-
CryoCsI-2; external triggers via SNEWS [168] is also
possible for other detectors.

IX. CONCLUSIONS

An undoped, inorganic scintillation detector operated at
cryogenic temperatures is an excellent candidate technol-
ogy for studying low-energy nuclear recoil signals from
CEvNS interactions. The high light yield achieved in these
crystals corresponds to low detector thresholds, ≈80 eVee
for CsI. We studied the physics potential of a small, 10 kg
undoped, cryogenic CsI detector at the SNS, called COH-
CryoCsI-1. Due to the improved threshold, this yields an
order-of-magnitude improvement in event rate relative to
the first COHERENT CsI detector without increasing the
detector mass. Further, as a heavy nuclear target, this
detector would complement COHERENT’s next CEvNS
efforts which focus on the light sodium, argon, and
germanium targets.
This technology fundamentally expands the physics

reach of CEvNS detectors, allowing NSI tests at lower

mediator masses. The COH-CryoCsI-1 detector would be
an excellent probe of BSM physics. It would resolve the
LMA vs LMA-Dark question currently plaguing neutrino
oscillations and test many dark-photon interpretations of
g − 2 results. The high light yield also improves time
resolution, relevant for searching for accelerator-produced
dark matter, and energy resolution, favorable for testing the
weak nuclear structure. Distinct features in the recoil time
and energy spectrum can distinguish between these BSM
physics effects and, if no new physics is detected, mea-
surements of weak nuclear structure would connect closely
with current questions in theoretical nuclear physics. At
the ton scale, this technology would also be sensitive to
CEvNS from a core-collapse supernova, observing
≈1 event=50 kg for a typical collapse at 10 kpc, making
an impactful supernova measurement inclusive of all
neutrino flavors. In summary, COH-CryoCsI-1 would both
resolve questions in nuclear physics and astrophysics and
search for new physics in many well-motivated directions.
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