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Abstract: The COHERENT experiment has established a low-background experimental area
near the SNS pulsed proton beam in which to study coherent elastic neutrino nucleus scattering
(CEvNS) and other low-energy neutrino scattering processes with state-of-the-art low-threshold
detectors. The initial success of this program has been demonstrated with the discovery of CEvNS
with a CsI detector (2017) and the recent confirmation of the N2-dependence of CEvNS on argon
(2020). The next phase of this program will utilize a diverse suite of large-scale detectors of modest
costs enabling a far-reaching and impactful physics program including: tests of beyond-standard-
model physics, nuclear structure measurements, understanding neutrino behavior in astrophysical
environments, and searches for dark-matter particles.
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Introduction
Coherent elastic neutrino-nucleus scattering (CEvNS) was predicted in 1974 as a consequence

of the newly discovered neutral weak current [1, 2]. The Standard Model CEvNS cross section has
a characteristic dependence on the square of the number of neutrons in the target nucleus, σ ∼ N2,
owing to the small weak charge of protons; this coherent enhancement of the cross section makes it
the dominant interaction mechanism for neutrinos of energies between ∼10 and ∼100 MeV. Mea-
surements of this process enable exploration of a dense and diverse suite of physics topics ranging
from searches for beyond-standard-model interactions to a measurement of the neutron density
distribution in nuclear matter (see Ref. [3] and references therein). The COHERENT program
complements searches for dark matter (DM) by confirming cross-section predictions for neutrino
backgrounds expected in future large-scale WIMP searches (the so-called “neutrino floor” [4]) and
also has sensitivity to accelerator-produced DM [5, 6]. The COHERENT suite of experiments in-
cludes measurements of ν processes beyond CEvNS including interactions on 40Ar, 127I, 208Pb,
and 56Fe with possible connections to nuclear structure, nucleosynthesis, and supernova neutrino
detection. In particular, neutrino-argon inelastic interactions will be particularly relevant for the
DUNE supernova sensitivity.

Currently
The observation of CEvNS is quite challenging due to the technical requirements: O(10 keV)

nuclear recoil energy thresholds, intense neutrino sources, and low backgrounds. The COHERENT
collaboration has surmounted these challenges using state-of-the-art detector technology combined
with the intense, pulsed, stopped-pion neutrino source available at the Spallation Neutron Source
(SNS) at Oak Ridge National Laboratory (ORNL), and a well-shielded, low-background area “neu-
trino alley”, 20-30 m from the 1.4 MW beam. These experimental features enabled the first
measurement of CEvNS with a CsI crystal in 2017 [7]. In addition, COHERENT recently re-
ported a measurement of CEvNS on argon [8, 9], demonstrating the expected N2 dependence of
the event rate, confirming that the signal is indeed CEvNS and providing additional constraints
on non-standard neutrino interactions (NSI).

The next goal of COHERENT is to build upon these first measurements, which are currently
statistically limited at ≈ 30%, by moving to a precision CEvNS program that can realize this suite
of physics topics. Currently in neutrino alley: the CENNS-10 LAr detector continues to collect data;
two detectors are studying neutrino-induced-neutrons (“NINs”) on Pb/Fe; a 185-kg NaI detector is
currently measuring the 127I CC inclusive cross section and has studied backgrounds as a prototype
experiment for CEvNS; and an ongoing measurement of SNS-pulse-coincident neutron backgrounds
along neutrino alley using the Multiplicity and Recoil Spectrometer (MARS).

Future Program
We are proposing a neutrino alley configured as shown in Fig. 1 that will allow a dense program

of new results from CEvNS and related physics on a time scale of 5-10 years [3]. The MARS neutron
detector and NIN cubes are currently installed and will continue to run with only modest changes.
The Ge array will consist of 16 kg of PPC Ge detectors enabling a measurement of CEvNS on an
intermediate-mass nuclei with the lowest detection threshold (O(1 keVnr)) in neutrino alley. This
detector is funded, and installation will begin in next year. Current plans also contain a multi-ton
NaI array using existing individual 7.7-kg NaI[Tl] modules with sensitivity to charged-current 127I
interaction and, potentially, for CEvNS. This detector is also funded with installation planned for
the near future.

To realize the full potential of CEvNS physics in neutrino alley at the SNS, in addtion to the
planned detectors described above, the COHERENT collaboration is proposing two additional,
ton-scale, few-million-$-scale apparatus.
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Fig. 1: Proposed SNS ν-alley configuration.

A heavy water (D20)
detector [10] will allow an
improved uncertainty of ≈
3% on the normalization of
the neutrino flux via the
known rate of the charged-
current νe + d → p +
p + e− reaction [11]. This
will be a significant im-
provement over the current
value of 10% which will ul-
timately become the dom-
inant uncertainty[7, 9] as
larger and more sensitive
detectors are deployed with
and other systematic errors
are reduced. Additionally,
charged-current νe interac-
tions on 16O may be ex-
plored. This device employs O(1 ton) of D2O in an acrylic vessel surrounded by light water and
8-inch PMTs and will collect ≈ 1000 signal events/year.

The ton-scale liquid argon detector [3], CENNS-750, is a 750 kg (610 kg fiducial) scintillation-
only device with a large coverage fraction of high-sensitivity photodetectors such as 3” cryogenic
PMTs or VUV-sensitive SiPMs enabling an energy threshold of ∼ 20 keVnr. We are planning for
the use of underground argon [12] to reduce the dominant non-beam-related (39Ar) background.
This device will build upon on experience with the currently-running CENNS-10 detector [13] and
would be a complementary effort to the global LAr dark matter enterprise [12, 14]. CENNS-
750 is expected to provide ≈ 3500 CEvNS events/year allowing more precise energy spectra and
substantially furthering the precision of the resulting measurements on the large CEvNS and related
physics program.

Conclusion
The COHERENT collaboration, with ongoing support of the SNS facility and management, has

established neutrino alley as the world’s best facility in which to measure the CEvNS interaction.
“First-light” measurements from CsI[Na] and argon have confirmed the existence of the CEvNS
process. Near-future, funded Ge and NaI detectors will continue to build the physics portfolio.
Beyond this, COHERENT is proposing two additional, low-cost, ton-scale detectors. These devices
will provide precision CEvNS cross section measurements, placing world-leading constraints on
beyond-standard-model neutrino interactions; will search for accelerator-produced dark matter [6];
and will provide direct measurements of the nuclear response to low-energy neutrinos, informing
nuclear structure/modeling efforts and aiding with he planning and interpretation of future neutrino
experiments [15, 16].
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