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One-plot takeaway
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CEvNS introduction
  𝜈

2

Coherent
Elastic
𝜈 (neutrino)
Nucleus
Scattering

- Theorised: 1974 
(Freedman)

- Observed: 2017 
(COHERENT)
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Motivations for CEvNS

- Tests of nuclear structure
- Reactor/waste monitoring
- New physics:

- Modified nu couplings
- Sterile neutrinos
- Dark matter

- “Calibrate” background for 
dark matter experiments
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Detecting CEvNS
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  𝜈

       E
R,max

:
 
10 eV                   1 keV                100 keV

E
R,max

: 10 eV                    1 keV                100 keV

- Low-energy nuclear recoils
- Detected via scintillation, ionization, or phonons

E𝛎:    1 MeV              10 MeV             100 MeV

argon

cesium
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CEvNS experiments (an incomplete list)

Experiment Source Detector Status

COHERENT Stopped pion (SNS) CsI, LAr, NaI, Ge Running

CCM Stopped pion (Lujan) LAr Running

CONNIE Reactor (Argentina) Si (Skipper CCD) Running

CONUS+ Reactor (Switzerland) HPGe Running

MINER Reactor (USA) Ge, Si, Sapphire (cryo) Building

NEON Reactor (S. Korea) NaI Running

NUCLEUS Reactor (France) CaWO4 (cryogenic) Building

RICOCHET Reactor (France) Ge (cryogenic) and Zn Running

TEXONO Reactor (Taiwan) Ge (point contact) Running

RELICS Reactor (china) Xe (TPC) Building
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Spallation sources:

SNS, ORNL (USA)
ISIS, RAL (UK)
Lujan, LANL (USA)
ESS (Sweden, future)

Credit: Bernie Riemer

Low-energy proton beam-dumps



J. NewsteadPrecision predictions for future CEvNS experiments

8/26

Compare this to smth

SNS
Pulsed @ 60Hz
Flux ~ 105 𝛎x/cm2/s
(with 1.3 MW beam)

Neutrino production 𝜋+

𝜋0

𝜋-

stopped

decays

absorbed
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Detecting neutrinos at beam dumps

Lower threshold    Higher threshold

         COHERENT (SNS) CCM (Lujan)   KARMEN (ISIS)
Target:                   CsI              argon      organic scintillator (carbon)
Mass:                   14.6 kg        10 t                                                                       56 t
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Elastic scattering nuclear recoil (~keV): NC inelastic scattering deexcitation (~MeV):

Pro: large 𝜎
Con: hard to detect, larger backgrounds 

Pro: easier to detect, line search lower bg
Con: smaller 𝜎, larger theoretical uncertainties

𝜈 𝜈

Detecting neutrinos at beam dumps

● Neutrinos can be detected via neutral current (elastic or inelastic) or charged current interactions

𝜎 = 3 x 10-42cm2

at 30 MeV
𝜎 = 2 x 10-38cm2

at 30 MeV
(cesium)

= 50 keV



J. NewsteadPrecision predictions for future CEvNS experiments

11/

● The elastic scattering channel is known as CEvNS, was first observed in 2017 by COHERENT

26

Detecting neutrinos at beamdumps

Elastic (CEvNS) cross section:

2

Where the weak charge is:

COHERENT Collaboration arXiv:1708.01294

𝜈



J. NewsteadPrecision predictions for future CEvNS experiments

12/26

Other CEvNS observations?
CONUS (reactor):

CONUS collaboration arXiv:2401.07684

XENONnT (boron-8):

Fei Gao (XENON)   IDM2024

https://arxiv.org/abs/2401.07684
https://agenda.infn.it/event/39713/contributions/237829/attachments/123564/181262/xenonnt-cevns-newresults-idm-2024.pdf
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● The COHERENT program includes multiple 
detectors in ʻneutrino alleyʼ at the SNS

● CEvNS with CsI, Ar, Ge targets (current)
● CC with D2O

26

Detecting neutrinos at beamdumps

Credit: Kate Scholberg 
and the COHERENT Collaboration
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● For example: non-standard neutrino-quark interactions (NSI)

26

Constraining new physics with COHERENT

NSI (model ind. Beyond SM):

SM  weak charge is:

COHERENT Collaboration PRL (2022)

W

→ Can also look for light mediators, steriles, dark matter…



Revisiting 
the cross-section 
calculation

J. Newstead
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Complete coherent elastic neutrino-nucleus cross section

From Hofrichter, Menendez & Schwenk (PRD 2020): 

Weak form 
factor 
(M and 𝚽’’ 
responses)

Axial form factor 
(𝚺’ response)
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Weak nuclear charge

Flavor-dependent radiative corrections from Tomalak et al. (JHEP 2021): 
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Nuclear form factors

Hofrichter, Menendez & Schwenk (PRD 2020) 
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Evaluating nuclear responses

Write the doubly reduced nuclear matrix elements 
in terms of single particle matrix elements:

One body density matrix

We need:

For this we use the code DMformfactor
(Fitzpatrick, Haxton, Anand)
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Shell model & Skyrme-Hartree-Fock calculations

We used NuShellX with interactions:

Cs/I: SN100PN and GCN5082

Ar: SDPF-NR/U/MU and EPQQM

Ge: jj44b and JUN45

See Abdel Khaleq et al. PRD 2024 and arXiv:2405.20060 for details

We used the SKYAX code with 
functionals:

SkM∗ 
SLy6
SV-min 
UNEDF1

- axial symmetry assumed2

Neutron skin: ~0.1 - 0.14 fm                               ~0.1 -  0.25 fm

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.075036
https://arxiv.org/abs/2405.20060
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Weak form factors
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Spin form factors
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Cross section (from the shell model)
Cesium-133

M

𝚺’

𝚽

Argon-40

M

𝚽

Nuclear operators beyond M have tiny contributions
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Flux averaged cross sections

CsI uncertainty 3.2% → 0.8%
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COHERENT event rates 
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Summary

26/

● Lots of CEvNS experiments are coming online 

● High-statistics regime coming -> higher 
precision predictions desired

● We found axial and spin-orbit operators are 
very small (< 10-4)

● SHF and shell model agree at <1% level

● Sub-percent precision achieved 

“The universe drawn by Dali” by DALL.E
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National Partners

International Partners
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Weak radius results

SHF:

Shell model:
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Shell model model spaces


