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Experimentalist’s Guide to CEvNS
• Coherent Elastic n-Nucleus Scattering 

• Predicted in Standard Model in 1974
• Not observed until 2017 (by COHERENT)

• n interacts coherently and elastically with entire nucleus
• Cross-section enhancement
• No nuclear excitation
• Unlocks exciting physics!
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Coherent effects of a weak neutral current

1 MARCH 1974
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and Institute for Theoretical Physics, State University of Nese York, Stony Brook, New Fork 12790
(Received 15 October 1973; revised manuscript received 19 November 1973)

If there is a weak neutral current, then the elastic scattering process &+A &+A should
have a sharp coherent forward peak just as e+A -e+A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 10 38 cm2 on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v+A v+ A*provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino
emission in stellar collapse and neutron stars.

There is recent experimental evidence' from
CERN and NAL which suggests the presence of a
neutral current in neutrino-induced interactions.
A primary goal of future neutrino experiments is
to confirm the present findings and to investigate
the properties of the weak neutral current, for
example, the space inversion and internal sym-
metry structure.
Our purpose here is to suggest a class of ex-

periments which can yield information on the iso-
spin structure of the neutral current not obtainable
elsewhere. The idea is very simple: If there is
a weak neutral current, elastic neutrino-nucleus
scattering should exhibit a sharp coherent forward
peak characteristic of the size of the target just
as electron-nucleus elastic scattering does. In a
sense we are talking about measurements of the
nuclear form factors of the weak neutral current
analogous to the measurements of the nuclear
form factors of the electromagnetic neutral cur-
rent in elastic electron scattering experiments. '
In fact, for the same nucleus, these form factors
should have the same q' dependence. Therefore,
the size of the cross section or its extrapolated
forward value gi-res information on the structure
of the weak current itself. In the simplest case
(S= 0, Z= N nuclei such as He~ or C") the strength
of the polar-vector isoscalar component of the
weak neutral current is measured directly.
Our suggestion may be an act of hubris, because

the inevitable constraints of interaction rate, res-
olution, and background pose grave experimental
difficulties for elastic neutrino-nucleus scattering.
We will discuss these problems at the end of this
note, but first we wish to present the theoretical
ideas relevant to the experiment:s.
Although the weak neutral current finds a natural

place in the beautiful unified gauge theories, ' it is

important to interpret experimental results in a
very broad theoretical framework. 4 We assume
a general current-current effective Lagrangian

which is consistent with the early findings' but far
from established. An intermediate neutral vector
boson could be included here without affecting the
analysis of the low-momentum-transfer processes
we are interested in.
The currents will first be written in their fund-

amental form as they would occur, for example,
in particular unified gauge models of the weak,
electromagnetic, and strong interactions. We will
then write an expression which is essentially
model-independent and sufficiently general to
parameter ize realistic experiments.
To begin with, we write the neutrino current as

Ip="'Yp(l ou'Y5)& g

where V —A. coupling is not assumed. The had-
ronic current is assumed to be a sum of com-
ponents, each corresponding to a symmetry of
strong interactions. For example, in a model
with the Glashow-Iliopoulos-Maiani (GIM) mech-
anism, ' one would have

g ~1 = b(Zq + os A~) +y(Jq + urAq) + c(Jq + a,Aq)
+ t (J1=1,lg=0+ ~I=1,Is= oAI=LI~=0) . (~)

that is one would have a linear combination of
baryon number, hyperehange, charm, and third
component of isospin. We assume that the polar-
vector currents are conserved and normalized
(at zero momentum transfer) to the corresponding
quantum number s.
Realistic experiments are done with the left-

- D.Z. Freedman, Phys. Rev. D 9 (1974) 1389

E. Lisi, Neutrino 2018
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CEvNS Detection Recipe

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

• Low backgrounds 
• Lots of neutrinos

Diana Parno -- COHERENT Overview 6

5

5 10 15 20 25 30 35 40 45 50 55
 Neutrino Energy (MeV) 

5−10

4−10

3−10

2−10

1−10

1

10

210

)2
 c

m
-3

8
 C

ro
ss

-s
ec

tio
n 

(1
0

Cs CEvNS133

I CEvNS127

Ge CEvNSnat

Ar CEvNS40

Na CEvNS23

I CC127 eν
Ar CC40 eν
O CC16 eν

 d CCeν

 NIN totaleνPb 
 NIN 1neνPb 
 NIN 2neνPb 

 

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

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

The di↵erential cross section of CEvNS predicted by the Standard Model is given by [10]

d�

dT
(T,E⌫) =

G2
FM

2⇡

"
(GV +GA)

2 + (GV �GA)
2

✓
1� T

E⌫

◆2

� (G2
V �G2

A)
MT

E2
⌫

#
, (1)

where T is the recoil energy, E⌫ is the incident neutrino energy, GF is the Fermi constant, M is the target
nuclear mass,

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

2), (2)

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

2), (3)

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

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

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

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

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

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

https://www.annualreviews.org/content/journals/10.1146/annurev-nucl-101918-023518


CEvNS Detection Recipe

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

• Low backgrounds 
• Lots of neutrinos

• Sensitivity to tiny nuclear recoils
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The Spallation Neutron Source
• Provides neutrons for materials science, 

life science, basic physics research
• Proton beam strikes liquid Hg target at 

~1 GeV

Spallation Neutron Source 
at Oak Ridge National Lab

Linac

Main target

Hg

p
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The Spallation Neutron Source
• Provides neutrons for materials science, 

life science, basic physics research
• Proton beam strikes liquid Hg target at 

~1 GeV

Spallation Neutron Source 
at Oak Ridge National Lab

Linac

Main target

Hg

p

Hg

Capture

p-

p+

µ+

nµ

Decay at rest
t ~ 0.03 µs

e+

ne

nµ

Decay at rest
t ~ 2.2 µs

Pion decay at rest
𝜋! → 𝜇! + 𝜈"

𝜇! → 𝑒! + 𝜈# + 𝜈̅"
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Spallation Neutron + Neutrino Source
Energy

From p+ 2-body decay

From µ+ 3-body decay

From µ- capture

COHERENT, Phys. Rev. D 106 (2022) 032003
Diana Parno -- COHERENT Overview 15

https://doi.org/10.1103/PhysRevD.106.032003


Spallation Neutron + Neutrino Source
Energy Timing

From p+ 2-body decay

From µ+ 3-body decay

From µ- capture

nµ

nµ + ne

COHERENT, Phys. Rev. D 106 (2022) 032003
Diana Parno -- COHERENT Overview 16
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The SNS as a Neutrino Source
• Pulsed beam 

• 2.28 x 10-5 duty factor, 60 Hz repetition rate
• Simple to subtract steady-state backgrounds
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The SNS as a Neutrino Source
• Pulsed beam 

• 2.28 x 10-5 duty factor, 60 Hz repetition rate
• Simple to subtract steady-state backgrounds

• Basement location with >20 m gravel+concrete fill
• Significant reduction of beam-related neutrons

• Proton power upgrade underway
• Average beam current: 26 mA à 38 mA
• Average beam energy: 0.97 GeV à 1.3 GeV

• Just a little bit cramped …
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COHERENT, PRL 129 (2022) 081801CEvNS on CsI

https://doi.org/10.1103/PhysRevLett.129.081801


CEvNS on Ar COHERENT, PRL 126 012002 (2021)
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COHERENT, PRL 129 (2022) 081801CEvNS on CsI

https://doi.org/10.1103/PhysRevLett.126.012002
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CEvNS on Ar COHERENT, PRL 126 012002 (2021)
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COHERENT, PRL 129 (2022) 081801CEvNS on CsI

CEvNS on Ge Paper in preparation

PreliminaryPreliminary

https://doi.org/10.1103/PhysRevLett.126.012002
https://doi.org/10.1103/PhysRevLett.129.081801


CEvNS on Ar COHERENT, PRL 126 012002 (2021)
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COHERENT, PRL 129 (2022) 081801CEvNS on CsI

CEvNS on Ge Paper in preparation

PreliminaryPreliminary
Poster

Emma van 
Nieuwenhuizen

Next Talk
Ryan Bouabid

https://doi.org/10.1103/PhysRevLett.126.012002
https://doi.org/10.1103/PhysRevLett.129.081801


Diana Parno -- The current status of the COHERENT experiment 25



Neutrino Alley 2024

Diana Parno -- COHERENT Overview 26

Installation
underway Module 2 coming soon



SNS Backgrounds
• Steady-state: Cosmic-ray muons, 511-keV gs, environmental radioactivity
• Beam-related neutrons

• Measured in several locations with multiple detectors
• Flux depends strongly on location in Neutrino Alley

Diana Parno -- The current status of the COHERENT experiment 27
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Figure 8.16: A comparison of all BRN measurements of the baseline neutron �ux in Neu-
trino Alley, with a position estimated relative to the alcove wall. We show both 50% (solid)
and 75% (do�ed) uncertainties on the NSC measurements; the exact uncertainty is very
large, but not precisely known. �e “Atypical Con�g” label on some of the Timing Cart
data correspond to the shaded-gray rows from Table 8.1. �e shaded red region indicates
the approximate location of the Concrete/Gravel shielding between Neutrino Alley and
the SNS target, and the vertical lines indicate the approximate locations of the CsI and
LAr subsystems.

160

Timing Cart

Figure 6.2: An illustration of Neutrino Alley, highlighting the location of various BRN
measurements by di�erent subsystems at various times. Figure updated from [180].

BRN spectrum is dominated by the few- to tens-of-MeV range, which helps inform the
CEvNS detectors about the type and amount of shielding to use in their designs. �e
BRNs generally arrive within 2 µs of the beam spill, which corresponds to the “prompt”
analysis window associated with the ⌫µ arrival in Neutrino Alley, suggesting that the
“delayed” analysis window will be an excellent tool for any subsystems which are espe-
cially neutron-sensitive. �e NSC observed a prompt BRN �ux of 5.3 n m�2 MWh�1 in
the center of Neutrino Alley (near the CsI deployment) and a prompt BRN �ux of 272.1
n m�2 MWh�1 in the alcove (near the LAr deployment). �e measured �uxes from the
NSC have very large uncertainties (>50%) due to poor statistics and limited understand-
ing of the double-sca�er detection e�ciency [180, 184, 185]; precision measurements of
the BRN �ux and spectra are needed to build con�dence in the neutron background model
for COHERENT detectors.

6.2.1.2 SciBath

While the NSC identi�ed Neutrino Alley as the best possible deployment location in the
SNS target hall, SciBath was deployed to take precision measurements in the higher-

101

PhD thesis, Rebecca Rapp (2022)

https://kilthub.cmu.edu/articles/thesis/Characterizing_neutrino_and_neutron_fluxes_from_the_Spallation_Neutron_Source_for_the_COHERENT_experiment/21308442
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Figure 6. Left: estimated count rates for various neutrino interactions per SNS beam-year as predicted
by SNOwGLoBES [62], as a function of neutrino energy. Note that neutral-current interactions result in
deexcitation gammas, for which only a fraction of the energy will be observed. Right: expected count rates
for charged-current neutrino interactions in the D2O detector for dominant interactions. Smearing from
imperfect energy resolution was not included in this plot. Smeared spectra are presented in figure 7.
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Figure 7. Expected event rates in the heavy-water detector. Left: expected background from cosmic rays
as predicted with the CRY [67] module and simulated with the G����4 simulation described in section 5,
with and without a muon veto as discussed in section 6.2. Top right: simulated signal and background
energy spectra as reconstructed with the heavy-water detector. Bottom right: the background-subtracted ⌫e +
d spectrum with statistical errors. As discussed in the text, an energy threshold above roughly 20 MeV will
remove most of the background contamination from the expected deuteron signal. Smearing from imperfect
energy resolution is included here.

section 5 to produce the spectrum shown in figure 7. Because the energy spectrum of electrons
produced from charged-current interactions with oxygen peaks approximately 18 MeV lower in
energy, they can be suppressed with an energy threshold as seen in figures 6 and 7.

The most significant expected background is cosmic-ray products that lie above the Cherenkov
threshold in D2O, especially given the expected lack of angular reconstruction capabilities of the
detector. The CRY [67] cosmic-ray-generator package was used as input to the G����4 simulation
described in section 5 to predict the cosmic-ray-induced backgrounds for the heavy-water detector.

– 9 –

COH-R2D2O: Neutrino Flux
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COHERENT, JINST 16 P08048 (2021)

• Neutrino flux is a shared ~10% systematic across all 
n-interaction measurements!

• Use ne + d à p + p + e- reaction to benchmark actual 
SNS n flux
• Theoretical cross-section uncertainty 2-3%

• With two modules, control CC-O backgrounds and 
detector response549 kg

D2O H2O Simulation

Reflective coating on tank walls

H2O tail catcher

https://doi.org/10.1088/1748-0221/16/08/P08048
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Figure 8. Expected statistical uncertainty following eq. 7.1 of the number of charged-current-deuterium
events as a function of mass and time. The SNS operates for 5000 h every year at 1.4 MW.

uncertainty of a one-bin counting experiment, with an expected precision of 4.7 % in 2 SNS-years
of running time, as seen in figure 8.

Table 1 summarizes the expected event rates in the single-module heavy-water detector fol-
lowing 2 SNS-years of running both with and without the energy cut discussed earlier. As seen in
the table, a total of 1070 signal events are expected in 2 years of run time, with 910 of those events
occurring within the optimal energy range for a counting experiment.

8 Potential physics impact

The Standard Model predicts that the CEvNS cross section is approximately proportional to the
square of the number of neutrons in the nucleus (/ #2). One of the main goals of the COHERENT
experiment is to verify this #2 prediction by using a suite of detectors with di�erent nuclei. In such
a comparison, the SNS neutrino flux represents a common factor among the detectors and drops
out in the ratio. Furthermore, physics studies that depend primarily on recoil spectrum shape will
not be especially sensitive to absolute flux uncertainty. However, the neutrino flux is a significant

Table 1. Expected signal and major-background event rates in the single-module heavy-water detector
following 2 SNS-years of running at 1.4 MW and a duty factor of 6 ⇥ 10�4. Energy, timing, and veto cuts will
remove much of the backgrounds for the ⌫e + d signal as discussed in the text. An optimal energy region of
interest from 22–68 MeV will produce an expected statistical precision for a simple event-counting analysis
of 4.7 %.

Total Events Events in Region of Interest
.e + d 1070 910
.e + U 390 160

Cosmics 21150 315

– 11 –

• Module 1 deployed summer 2023!Top panel of muon veto

Pb shielding

LED calibration system

PMTs

• Module 2 under construction
• PMTs tested (wet+dry)
• Deployment planned 

this summer
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lowing 2 SNS-years of running both with and without the energy cut discussed earlier. As seen in
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Figure 8. Expected statistical uncertainty following eq. 7.1 of the number of charged-current-deuterium
events as a function of mass and time. The SNS operates for 5000 h every year at 1.4 MW.

uncertainty of a one-bin counting experiment, with an expected precision of 4.7 % in 2 SNS-years
of running time, as seen in figure 8.

Table 1 summarizes the expected event rates in the single-module heavy-water detector fol-
lowing 2 SNS-years of running both with and without the energy cut discussed earlier. As seen in
the table, a total of 1070 signal events are expected in 2 years of run time, with 910 of those events
occurring within the optimal energy range for a counting experiment.

8 Potential physics impact

The Standard Model predicts that the CEvNS cross section is approximately proportional to the
square of the number of neutrons in the nucleus (/ #2). One of the main goals of the COHERENT
experiment is to verify this #2 prediction by using a suite of detectors with di�erent nuclei. In such
a comparison, the SNS neutrino flux represents a common factor among the detectors and drops
out in the ratio. Furthermore, physics studies that depend primarily on recoil spectrum shape will
not be especially sensitive to absolute flux uncertainty. However, the neutrino flux is a significant

Table 1. Expected signal and major-background event rates in the single-module heavy-water detector
following 2 SNS-years of running at 1.4 MW and a duty factor of 6 ⇥ 10�4. Energy, timing, and veto cuts will
remove much of the backgrounds for the ⌫e + d signal as discussed in the text. An optimal energy region of
interest from 22–68 MeV will produce an expected statistical precision for a simple event-counting analysis
of 4.7 %.

Total Events Events in Region of Interest
.e + d 1070 910
.e + U 390 160
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• Module 1 deployed summer 2023!Top panel of muon veto

Pb shielding

LED calibration system

PMTs

• Module 2 under construction
• PMTs tested (wet+dry)
• Deployment planned 

this summer
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Coming Soon: COH-NaIvETe
• 2425 kg of NaI crystals, partially deployed!

• Plan: dual-gain running for both CEvNS and CC measurements
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• Commissioning and analysis underway in CEvNS mode
• More modules to be deployed

Summer 2024
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Coming Soon: Next-Generation LAr
• While COH-Ar-10 final dataset is being analyzed (22 kg, 2 PMTs)…
• …A new LAr detector with 600kg fiducial volume and 122 PMTs is under 

construction in South Korea and the USA!
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FIG. 22. Expected inelastic neutrino events in COH-Ar-750 after one year of running. The charged-current process,
green, is the dominant interaction channel for DUNE low-energy physics objectives.

liquid argon TPC at the STS would significantly improve this measurement. The COH-ArTPC-1 detector
will have sub-cm position resolution and favorable energy resolution. With this we will reconstruct final
state kinematics of the electron and deexcitation gammas on an event-by-event basis. The large mass of the
TPC also increases the expected rate with ⇠ 5500 events/yr expected. This will allow precision di↵erential
cross section measurements.

Additionally, the COHERENT D2O program is designed specifically to measure charged-current events
from the SNS flux. The primary purpose of this detector is to constrain systematic uncertainties on the
neutrino flux normalization at the SNS. The d(⌫e, e) interaction can be described theoretically to 2-3% [160,
161]. Thus, a measurement of the rate of this interaction can be interpreted as a measurement of the SNS
flux. With 1.3 tonnes of D2O instrumented at the SNS, we can achieve a 3% uncertainty on the SNS
flux [6]. A continued D2O program at the SNS will continue to be necessary to monitor the neutrino flux
as the SNS beam energy increases from 1 GeV to 1.3 GeV. Coincidentally, understanding the 16O(⌫e, e)16F⇤

cross section is also important as this is a background for Super-Kamiokande (and subsequently Hyper-
Kamiokande) searches for the di↵use supernova neutrino flux [162]; it is also important for interpretation
of a supernova burst signal. This cross section has not yet been measured and will constrain the Super-
Kamiokande background after a measurement from COHERENT D2O data.

F. Probing nuclear physics

The dominant uncertainty to the CEvNS cross section prediction comes from imperfect modeling of the
spatial distribution of neutrons within the target nucleus, with the average radius of neutrons given by Rn.
The CEvNS cross section is coherent if QRn ⌧ 1 and becomes suppressed at higher Q2. This degree to
which CEvNS is coherent is described by the nuclear form factor, Fnucl(Q2) and depends on Rn. The best
measurement of Rn has recently been achieved using 208Pb [163] which isolated the weak charge through
parity violation, but data are needed on nuclei we use to measure CEvNS. By measuring the suppression
observed in the CEvNS recoil spectrum, we can infer estimates for Rn on each nucleus we study. This has
been done using our CsI[Na] data, but errors are still large [128] and larger-sample measurements are needed
to precisely identify Rn.

Understanding Rn is of particular interest in astrophysics. An accurate determination of Rn, and the
di↵erence between the neutron and proton radii, is critical for understanding the equation of state for
neutron stars [164, 165] and graviational wave events [166–168]. The value of Rn is related to density of
matter within neutron stars and the mass range expected for these stars [169].

The influence of these nuclear e↵ects are shown in Fig. 23 for CEvNS events in COH-Ar-750 for nominal
and adjusted choices of Rn. We assumed the Klein form factor parameterization [170] which predicts a
characteristic Q2 deformation with varying Rn. We used this relation to fit a predicted uncertainty on Rn

from COH-Ar-750, COH-Ge-2, and COH-CryoCsI-1 datasets after three years of running, shown in Fig. 23.
With these datasets, COHERENT will measure Rn to 4.6, 5.1, and 2.9% in Ar, Ge, and CsI, respectively.
Given Rp can be measured with high precision through electron scattering, COHERENT data will also

COHERENT, 2204.04575 (Snowmass white paper)

~3000 CEvNS events and
~400 CC events per SNS-year

Simulation

https://arxiv.org/abs/2204.04575
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FIG. 22. Expected inelastic neutrino events in COH-Ar-750 after one year of running. The charged-current process,
green, is the dominant interaction channel for DUNE low-energy physics objectives.

liquid argon TPC at the STS would significantly improve this measurement. The COH-ArTPC-1 detector
will have sub-cm position resolution and favorable energy resolution. With this we will reconstruct final
state kinematics of the electron and deexcitation gammas on an event-by-event basis. The large mass of the
TPC also increases the expected rate with ⇠ 5500 events/yr expected. This will allow precision di↵erential
cross section measurements.

Additionally, the COHERENT D2O program is designed specifically to measure charged-current events
from the SNS flux. The primary purpose of this detector is to constrain systematic uncertainties on the
neutrino flux normalization at the SNS. The d(⌫e, e) interaction can be described theoretically to 2-3% [160,
161]. Thus, a measurement of the rate of this interaction can be interpreted as a measurement of the SNS
flux. With 1.3 tonnes of D2O instrumented at the SNS, we can achieve a 3% uncertainty on the SNS
flux [6]. A continued D2O program at the SNS will continue to be necessary to monitor the neutrino flux
as the SNS beam energy increases from 1 GeV to 1.3 GeV. Coincidentally, understanding the 16O(⌫e, e)16F⇤

cross section is also important as this is a background for Super-Kamiokande (and subsequently Hyper-
Kamiokande) searches for the di↵use supernova neutrino flux [162]; it is also important for interpretation
of a supernova burst signal. This cross section has not yet been measured and will constrain the Super-
Kamiokande background after a measurement from COHERENT D2O data.

F. Probing nuclear physics

The dominant uncertainty to the CEvNS cross section prediction comes from imperfect modeling of the
spatial distribution of neutrons within the target nucleus, with the average radius of neutrons given by Rn.
The CEvNS cross section is coherent if QRn ⌧ 1 and becomes suppressed at higher Q2. This degree to
which CEvNS is coherent is described by the nuclear form factor, Fnucl(Q2) and depends on Rn. The best
measurement of Rn has recently been achieved using 208Pb [163] which isolated the weak charge through
parity violation, but data are needed on nuclei we use to measure CEvNS. By measuring the suppression
observed in the CEvNS recoil spectrum, we can infer estimates for Rn on each nucleus we study. This has
been done using our CsI[Na] data, but errors are still large [128] and larger-sample measurements are needed
to precisely identify Rn.

Understanding Rn is of particular interest in astrophysics. An accurate determination of Rn, and the
di↵erence between the neutron and proton radii, is critical for understanding the equation of state for
neutron stars [164, 165] and graviational wave events [166–168]. The value of Rn is related to density of
matter within neutron stars and the mass range expected for these stars [169].

The influence of these nuclear e↵ects are shown in Fig. 23 for CEvNS events in COH-Ar-750 for nominal
and adjusted choices of Rn. We assumed the Klein form factor parameterization [170] which predicts a
characteristic Q2 deformation with varying Rn. We used this relation to fit a predicted uncertainty on Rn

from COH-Ar-750, COH-Ge-2, and COH-CryoCsI-1 datasets after three years of running, shown in Fig. 23.
With these datasets, COHERENT will measure Rn to 4.6, 5.1, and 2.9% in Ar, Ge, and CsI, respectively.
Given Rp can be measured with high precision through electron scattering, COHERENT data will also

COHERENT, 2204.04575 (Snowmass white paper)

~3000 CEvNS events and
~400 CC events per SNS-year

Simulation

• Future upgrade possibility: underground argon

https://arxiv.org/abs/2204.04575
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• Original CsI results limited by Cherenkov radiation in PMT quartz window
• Proposed next-generation detector:

• 10 kg undoped CsI at ~40K with SiPMs 
• First proof-of-concept: Ding et al., Eur. Phys. J. C 82, 344 (2022)
• Physics reach: Phys. Rev. D 109 092005 (2024)

Poster
Charles Prior

https://link.springer.com/article/10.1140/epjc/s10052-022-10289-x
https://doi.org/10.1103/PhysRevD.109.092005
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• Original CsI results limited by Cherenkov radiation in PMT quartz window
• Proposed next-generation detector:

• 10 kg undoped CsI at ~40K with SiPMs 
• First proof-of-concept: Ding et al., Eur. Phys. J. C 82, 344 (2022)
• Physics reach: Phys. Rev. D 109 092005 (2024)

(assuming reactor CEvNS 
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(no reactor 
CEvNS 
constraints)
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Phys. Rev. D 109 092005 (2024)

Current COHERENT 
limits

• Two searches with existing CsI data:
• Leptophobic DM: PRD 106 052004 (2022)
• Scalar DM: PRL 130 051803 (2023)

• Sensitivity studies for future detectors

https://doi.org/10.1103/PhysRevD.109.092005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052004
https://doi.org/10.1103/PhysRevLett.130.051803
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• Ar
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• New detector under construction

• Ge – more data to be acquired this summer
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• The SNS at Oak Ridge National Lab is a powerful tool for CEvNS and other low-
energy neutrino interactions
• Current and planned upgrades increase its potential

• Studies of beam-related neutrons and neutrino flux are bringing them under control
• COHERENT has seen CEvNS on three nuclear targets (CsI, Ar, Ge) with Na taking 

data
• CsI – new detector proposed
• Ar

• Remaining COH-Ar-1 dataset under analysis. 
• New detector under construction

• Ge – more data to be acquired this summer
• Active, competitive DM searches and inelastics measurements

Thank you!
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Second Target Station: The Basics
• Rotating wheel of tungsten wedges
• Receives ¼ proton pulses (15 Hz)

• First target station gets ¾ proton pulses 
(45 Hz)

• Optimized to produce cold neutrons

CEvNS at the Upgraded SNS 55
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