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NEUTRINO INTERACTIONS WITH NUCLEI
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Deep Inelastic 
Scattering

keV         MeV       GeV        TeV       PeV
Interactions with 
nucleons inside 

nuclei, often 
disruptive, 

hadroproduction

Interactions 
with nuclei and 

electrons, 
minimally 

disruptive of 
the nucleus

Coherent elastic 
neutrino-nucleus 
scattering 

Adapted from Kate Scholberg

𝜈



Valentina De Romeri (IFIC UV/CSIC Valencia) 

Neutral-current process: ν + N(A,Z) → ν + N(A,Z)
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COHERENT ELASTIC  
vEUTRINO-NUCLEUS SCATTERING 

(CEvNS)

‣ The neutrino sees the nucleus as a whole

‣ CEνNS occurs when: 
• Wavelength of the mediator > nuclear radius 

or
• |q⃗| ≤ 1/Rnucleus 

‣ Coherent: target nucleon wave functions remain in 
phase with each other before and after the collision. 
Amplitudes of scattering on individual nucleons add.

‣ Elastic: no new particles are created and nuclear 
target remains in the same energy state.
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‣ Total cross section scales approximately like N2

‣ CEvNS cross section is large!

‣ Despite its large cross section, not observed for years due to tiny nuclear recoil energies.
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Credit: R. Strauss @ Magnificent CEvNS

COHERENT ELASTIC  
vEUTRINO-NUCLEUS SCATTERING 

(CEvNS)
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AN ACT OF HUBRIS
First theoretically predicted in 1974 D.Z. Freedman, Phys. Rev. D 9 (1974)

V.B. Kopeliovich and L.L. Frankfurt, JETP Lett. 19 4 236 (1974)

CEνNS was observed for the first time ~40 years later, 
in 2017 by the COHERENT experiment at the Oak Ridge Spallation Neutron Source. 
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LOW-ENERGY NEUTRINO SOURCES
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D. Akimov et al. (COHERENT). 2110.07730
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LOW-ENERGY NUCLEAR RECOIL  
DETECTION STRATEGIES
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Phonons/ Heat

Ionization/ Charge

Scintillation/ Light
(Feel a warm pulse)

(Feel a zap)

(See a flash)

Scintillating cryogenic crystal
Superheated 
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HPGe, Si CCDs

Two-phase liquid noble gas

Liquid noble gas 
detectors

Water Cherenkov 
detectors

Scintillating 
crystals

Liquid 
scintillators

Adapted from V. Wagner M7s school 2023



Valentina De Romeri (IFIC UV/CSIC Valencia) 8

CEνNS EXPERIMENTS WORLDWIDE

Updated from I. Nasteva @NEUTRINO 2024

Apsara-U
Bhabha Atomic 
Research Centre
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LIST OF CEvNS OBSERVATIONS
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‣ 2017(->2021): COHERENT-CsI[Na],  11.6σ CL
‣ 2020: COHERENT-LAr, 3.9σ CL
‣ 2024: COHERENT-Ge, 3.9σ CL

D. Akimov et al. (COHERENT) Science 357, 1123–1126 (2017) 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 129, 081801 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 126, 012002 (2021) 
S. Adamski et al. (COHERENT) Phys. Rev. Lett. 134, 231801 (2025)

Stopped pions 
(Decay at rest)

Ge-Mini

14 kg24 kg 10 kg
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LIST OF CEvNS OBSERVATIONS

10

‣ 2017(->2021): COHERENT-CsI[Na],  11.6σ CL
‣ 2020: COHERENT-LAr, 3.9σ CL
‣ 2024: COHERENT-Ge, 3.9σ CL

‣ 2022: Dresden-II, Ge

‣ 2025: CONUS+, Ge, 3.7σ CL

D. Akimov et al. (COHERENT) Science 357, 1123–1126 (2017) 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 129, 081801 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 126, 012002 (2021) 
S. Adamski et al. (COHERENT) Phys. Rev. Lett. 134, 231801 (2025)

Colaresi, Collar et al. Phys. Rev. Lett. 129 (2022) 211802

Stopped pions 
(Decay at rest)

Reactors

Ackermann+ 2501.05206

https://arxiv.org/abs/2501.05206
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LIST OF CEvNS OBSERVATIONS
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‣ 2017(->2021): COHERENT-CsI[Na],  11.6σ CL
‣ 2020: COHERENT-LAr, 3.9σ CL
‣ 2024: COHERENT-Ge, 3.9σ CL

‣ 2022: Dresden-II, Ge

‣ 2025: CONUS+, Ge, 3.7σ CL

D. Akimov et al. (COHERENT) Science 357, 1123–1126 (2017) 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 129, 081801 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 126, 012002 (2021) 
S. Adamski et al. (COHERENT) Phys. Rev. Lett. 134, 231801 (2025)

Colaresi, Collar et al. Phys. Rev. Lett. 129 (2022) 211802

Stopped pions 
(Decay at rest)

Reactors

Ackermann+ 2501.05206
Q

uenching factor dependence!

https://arxiv.org/abs/2501.05206
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LIST OF CEvNS OBSERVATIONS
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‣ 2017(->2021): COHERENT-CsI[Na],  11.6σ CL
‣ 2020: COHERENT-LAr, 3.9σ CL
‣ 2024: COHERENT-Ge, 3.9σ CL

‣ 2022: Dresden-II, Ge

‣ 2025: CONUS+, Ge, 3.7σ CL

‣ 2024: XENONnT-Xe, 2.73σ CL
‣ 2024: PandaX-4T-Xe, 2.64σ CL

D. Akimov et al. (COHERENT) Science 357, 1123–1126 (2017) 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 129, 081801 
D. Akimov et al. (COHERENT) Phys. Rev. Lett. 126, 012002 (2021) 
S. Adamski et al. (COHERENT) Phys. Rev. Lett. 134, 231801 (2025)

E. Aprile et al. (XENONnT) PRL 133, 191002 (2024) 
Z. Bo et al. (PandaX) PRL 133, 191001

Colaresi, Collar et al. Phys. Rev. Lett. 129 (2022) 211802

Stopped pions 
(Decay at rest)

Reactors

8B Solar
 neutrinos

Ackermann+ 2501.05206

LXe: 2024 
1.2 ton years  
2.6σ 
3/332 events

LXe: 2024  
3.5 ton years  
2.7σ 
37 events

https://arxiv.org/abs/2501.05206
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CEνNS cross-section in the SM:
(probability of kicking a nucleus with nuclear recoil energy T)

Weak nuclear charge

Kinematics
Nuclear Form Factor: 
F=1 full coherence

Axial contribution is small for most nuclei, spin-dependent. 
It vanishes for nuclei with even number of protons and neutrons

• Eν: is the incident neutrino energy
• M : the nuclear mass of the detector material 
• 3-momentum transfer |q⃗|2 = 2MT
• (QA included in FA)

Freedman, PRD 9 (1974) 1389; Drukier, Stodolsky, PRD 30 (1984) 2295; Barranco, Miranda, Rashba, hep-ph/0508299 

sw2 = 0.23 ➞ protons unimportant
Neutron contribution dominates

Fermi constant 
(SM parameter)

CEvNS CROSS SECTION IN THE SM

dσ
dT𝒩

= G2
Fm𝒩
4π (1 − m𝒩T𝒩

2E2ν
− T𝒩

Eν ) Q2
WF2

W( q 2) + G2
Fm𝒩
4π (1 + m𝒩T𝒩

2E2ν
− T𝒩

Eν ) FA( q 2)
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EW precision tests

Nuclear physics

Supernovae

Solar neutrinos

New 
neutrino 
interactions

NSI
NGI
…

Neutrino nontrivial 
electromagnetic 
properties

Sterile 
neutrinos𝜈s

Dark matter
(CEνNS as a 
background)

New (dark sector) 
particles

?

𝜈PHYSICS POTENTIAL 
OF CEvNS

Cerdeño et al, 1604.01025; Farzan et al, 1802.05171; Aristizabal Sierra et al, 
1806.07424;  Khan  and  Rodejohann,  1907.12444;  Aristizabal  Sierra  et  al, 
1910.12437;  Miranda  et  al,  2003.12050;  Aristizabal  Sierra  et  al,  JHEP  09 
(2019) 069;  Suliga and Tamborra, 2010.14545; CONUS, 2110.02174; Li and 
Xia,  2201.05015;  Atzori  Corona  et  al,  2202.11002;  Liao  et  al,  2202.10622; 
Coloma et al, 2202.10829; Lindner et al, 1612.04150; Aristizabal Sierra et al, 
1806.07424;  Aristizabal  Sierra  et  al,  JCAP  01  (2022)  01,  055,  Atzori-
Corona+ Eur.Phys.J.C 83 (2023) 7, 683, Behera+ 2304.00912, Cadeddu+ EPL 
143 (2023) 3, 34001, Atzori-Corona+ 2307.12911, Von Raesfeld Phys.Rev.D 
105 (2022) 5, 056002, Bresó-Pla JHEP05(2023)074
…………

Brdar  and  Rodejohann,  1810.03626;  Chang  and  Liao,  2002.10275;  Li  et  al, 
2005.01543;  CONUS,  2110.02174;  Cadeddu  et  al,  1710.02730, 
2005.01645,  1908.06045;  Aristizabal  Sierra  et  al,  1902.07398;  Huang  and 
Chen, 1902.07625; Papoulias et al, 1903.03722, 1907.11644; Miranda et al, 
2003.12050;  Papoulias  et  al,  1711.09773,  1907.11644;  Cadeddu  et  al, 
1808.10202,  2005.01645,  1908.06045,  2205.09484;  Huang  and  Chen, 
1902.07625; Miranda et al, 1902.09036, 2003.12050; Khan and Rodejohann, 
1907.12444;  COHERENT,  2110.07730;  Papoulias  and  Kosmas,  1711.09773; 
Blanco et al, 1901.08094; Miranda et al, 1902.09036
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EW precision tests

Nuclear physics
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dσν𝒩
dEnr

SM

CEνNS
= G2

FmN

π
F2

W(q2)Q2
w (1 − mNEnr

2E2ν
− Enr

Eν
+ E2

nr
2E2ν )

STANDARD MODEL PHYSICS

16

• Observable: sin2 𝜃w

• poorly measured at low energies
• Affects the normalization of CEvNS spectra

sw2 = 0.23 ➞ protons unimportant
Neutron contribution dominates

𝜈
QW = − N/2 + (1/2 − 2sin2θw)Z

Information on the value of the neutrino neutral-current interaction at low energy:
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EW PRECISION TESTS:  
WEAK MIXING ANGLE  
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COHERENT CsI  (2017) + LAr (2020)

Miranda et al.  JHEP 05 (2020) 130 

Cadeddu et al. Phys. Rev. D 102, 015030 (2020)

VDR, Miranda, Papoulias+ JHEP 04 (2023) 035
See also Cadeddu et al. ’20,’21,’22,’23,’24
(Also combination with APV data)

VDR, Miranda, Papoulias+ JHEP 04 (2023) 035

COHERENT CsI  (2021) + LAr (2020)

COHERENT CsI  (2021) + LAr (2020)
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EW PRECISION TESTS:  
WEAK MIXING ANGLE  

18

Aristizabal, VDR, Papoulias JHEP 09 (2022) 076
Majumdar+ Phys.Rev.D 106 (2022) 9, 093010
Boehm, Maity  arXiv:2409.0438
VDR, Papoulias, Ternes JCAP 05 (2025) 012 See also Alpízar-Vanegas+ 2501.10355, Chattaraj+ 2501.12441

PandaX-4T (2024), XENONnT (2024)

CONUS+ (2025)

VDR, Papoulias, Sanchez Garcia PRD 111, 075025 (2025)
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Nuclear physics

19

EW precision tests

Supernovae

Solar neutrinos
Dark matter
(CEνNS as a 
background)

New (dark sector) 
particles

?

𝜈

New 
neutrino 
interactions

Sterile 
neutrinos𝜈s

PHYSICS POTENTIAL 
OF CEvNS

Neutrino nontrivial 
electromagnetic 
properties
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NEUTRINO MAGNETIC MOMENT

20

Vogel, Engel. PRD 39 [1989] 3378  

Predicted to be zero for massless neutrinos. It can arise in BSM extensions for massive neutrinos. 
Neutrino magnetic moment interactions flip chirality and do not interfere with the SM terms. 

𝜇𝜈2 is an effective neutrino magnetic moment dependent on a given neutrino beam.

Schechter Valle, PhysRevD.24.1883 
Canas+  Phys.Lett. B753 (2016) 191–198 
Miranda+ JHEP 1907 (2019) 103, 

Aristizabal-Sierra+ Phys.Rev.D 105 (2022) 035027 
Ternes, Tortola, 2505.02633

• can be dominant for sub-keV threshold experiments 
• may lead to detectable distortions of the recoil spectrum 

Careful with comparisons!

𝛬fi

C. Giunti, A. Studenikin, Rev Mod Phys, 87, 531 (2015) 
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NEUTRINO MAGNETIC MOMENT

21

New best limits using solar 
E𝜈ES in LZ and XENONnT

XENONnT Collab. PRL 129, 161805 (2022)

VDR, Papoulias, Sanchez Garcia PRD 111, 075025 (2025)
VDR, Papoulias, Sanchez Garcia, Ternes, Tortola  JCAP 05 (2025) 080

See also: Atzori-Corona+ PRD 107 (2023) 5, 053001; 
ShivaSankar K. A.+, Phys.Lett.B 839 (2023) 137742; 
Khan, Phys. Lett. B 837 (2023) 137650 and 
Phys. Lett. B 839 (2023) 137742

CEvNS data at PandaX-4T 
(2024), XENONnT (2024)

VDR, Papoulias, Sanchez Garcia, Ternes, Tortola  JCAP 05 (2025) 080

Giunti, Ternes, PRD 108 (2023) 9, 095044

VDR, Papoulias, Sanchez Garcia PRD 111, 075025 (2025)

CONUS+ (2025)



Valentina De Romeri (IFIC UV/CSIC Valencia) 

Nuclear physics

22

EW precision tests

Supernovae

Solar neutrinos

Neutrino nontrivial 
electromagnetic 
properties

Sterile 
neutrinos𝜈s
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particles

?
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OF CEvNS
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NEW NEUTRINO INTERACTIONS: NSI

23

Neutrino NSI can be formulated in terms of the effective (dimension-6) four-fermion Lagrangian:

The NSI couplings quantify the relative strength of the NSI in terms of GF and 
can be either flavour preserving (non-universal) or flavor changing.

See also: S. Davidson et. al., JHEP 03 (2003) 011 J. Barranco, O.G. Miranda and T.I. Rashba, JHEP 0512 (2005) 021,  K. Scholberg, PRD 73 (2006) 033005, 
Coloma+  Phys.  Rev.  D  96,  115007  (2017),  JHEP  02,  023  (2020),  JHEP  05  (2022)  037,  Papoulias+  Phys.  Rev.  D  97,  033003  (2018),  Giunti  PRD  101, 
035039  (2020),  Denton+  JHEP  04,  266  (2021),  Esteban+  JHEP  08,  180  (2018),  COHERENT  Colab.  arXiv:2110.07730,  Coloma+  JHEP  05  (2022)  037, 
Bresó-Pla+ JHEP 05 (2023) 074, Coloma+ JHEP 08 (2023) 03, Liao+  arXiv:2408.06255, Alpízar-Vanegas+ 2501.10355, Chattaraj+ 2501.12441…
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NEW NEUTRINO INTERACTIONS: NSI

24

Neutrino NSI can be formulated in terms of the effective four-fermion Lagrangian:

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, JHEP 04 (2023) 035

COHERENT CsI (2021) + LAr

90% C.L.

90% C.L.

90% C.L.

90% C.L.
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NEW NEUTRINO INTERACTIONS: NSI

25

Neutrino NSI can be formulated in terms of the effective four-fermion Lagrangian:

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, JHEP 04 (2023) 035

COHERENT CsI (2021) + LAr

90% C.L.

90% C.L.

90% C.L.

90% C.L.

Liao+  arXiv:2408.06255

COHERENT CsI 
(2021) + LAr + Ge



Valentina De Romeri (IFIC UV/CSIC Valencia) 

NEW NEUTRINO INTERACTIONS: NSI
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Neutrino NSI can be formulated in terms of the effective four-fermion Lagrangian:

See also Alpízar-Vanegas+ 2501.10355, Chattaraj+ 2501.12441Aristizabal+ arXiV: 2409.02003
See also Li+ 2409.04703 

COHERENT CsI (2021) + LAr vs 
XENONnT and PANDAX-4T

-1 -0.5 0 0.5 1

≤dV
ee

-1

-0.5

0

0.5

1

≤u
V

ee

90% CL

CONUS+

COHERENT

CONUS+ (2025)

VDR, Papoulias, Sanchez Garcia PRD 111, 075025 (2025)
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New BSM scenarios might be associated with different types of interactions and mediators. 
These mediators would contribute to CEνNS leading to detectable distortions of the event 
rates, especially at low-energy recoils.

Low-energy neutrino experiments are sensitive to interactions involving light mediators, 
inducing spectral distortions at low recoil energies.

27

NEW NEUTRINO INTERACTIONS:  
LIGHT MEDIATORS

Cerdeño+ JHEP 1605 (2016) 118
Bertuzzo+ JHEP 1704 (2017) 073
Farzan+ JHEP 1805 (2018) 066
Denton+  PRD 106 (2022) 015022

|q | ≈ 2m𝒩Enr
We may consider light mediators with a mass
comparable to the typical momentum transfer

G2
F |εX

ℓ |2 → 2g4
X

(m2
X + |q |2 )2
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NEW NEUTRINO INTERACTIONS: LV

28

dσ
dEnr

LV

CEνNS
= 1 + κ

CV

2GFQSM
W (2mNEnr + m2

V)

2
dσ

dEnr

SM

CEνNS

CV = gνV [(2guV + gdV) Z + (guV + 2gdV) N]

κ = 1 for universal couplings 
κ = −1/3 in the B − L model

gV = gνVgqV

CEvNS
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e-

ELASTIC  
vEUTRINO-ELECTRON SCATTERING 

(EvES)
dσνℓ𝒜

dEer

SM

EνES
= Z𝒜

eff(Eer)
G2

Fme

2π
(gνℓ

V + gνℓ
A )2 + (gνℓ

V − gνℓ
A )2(1 − Eer

Eν )
2

− ((gνℓ
V )2 − (gνℓ

A )2) meEer
E2ν

effective number of electrons 
that can be ionized 
with an energy deposition Eer
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ELASTIC  
vEUTRINO-ELECTRON SCATTERING 

(EvES)
dσνℓ𝒜

dEer

SM

EνES
= Z𝒜

eff(Eer)
G2

Fme

2π
(gνℓ

V + gνℓ
A )2 + (gνℓ

V − gνℓ
A )2(1 − Eer

Eν )
2

− ((gνℓ
V )2 − (gνℓ

A )2) meEer
E2ν

ℒZ′ = gZ′ Z′ μ (Qf
Z′ 

f̄γμ f + ∑
α

Qνα
Z′ 

ν̄α,Lγμνα,L) + 1
2 m2

Z′ Z′ μZ′ μ

gV → gSM
V +

(gZ′ )2Qe
Z′ Qνα

Z′ 

2GF(2meTe + m2
Z′ )

Z’

dσνℓ𝒜

dEer

SM

EνES
= Z𝒜

eff(Eer)
G2

Fme

2π
(gνℓ

V + gνℓ
A )2 + (gνℓ

V − gνℓ
A )2(1 − Eer

Eν )
2

− ((gνℓ
V )2 − (gνℓ

A )2) meEer
E2ν
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NEW NEUTRINO INTERACTIONS: LV

31

• Complementary analyses in: 

Dresden-II (Ge) - iron filter

Aristizabal, VDR, Papoulias JHEP 09 (2022) 076

COHERENT CsI (2021) + LAr

• J. Liao, H. Liu, and D. Marfatia, 2202.10622, Coloma et al. 2202.10829, 
• Atzori-Corona et al. 2205.09484, A. Khan 2203.08892, Majumdar+ 2208.13262

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, JHEP 04 (2023) 035



Valentina De Romeri (IFIC UV/CSIC Valencia) 

NEW NEUTRINO INTERACTIONS: LS

32

dσνℓ𝒩

dEnr

LS

CEνNS
= m2

NEnr C2
S

4πE2ν (2mNEnr + m2
S)2 F2

W( | ⃗q |2 )

gS = gνSgqS

CS = gνS Z∑
q

gqS
mp

mq
f p
q + N∑

q
gqS

mn

mq
f n
q

CEvNS
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NEW NEUTRINO INTERACTIONS: LS
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• J. Liao, H. Liu, and D. Marfatia, 2202.10622, Coloma et al. 2202.10829, 
• Atzori-Corona et al. 2205.09484, A. Khan 2203.08892, Majumdar+ 2208.13262

• Complementary analyses in: 

Dresden-II (Ge) - iron filter

Aristizabal, VDR, Papoulias JHEP 09 (2022) 076

COHERENT CsI (2021) + LAr

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, JHEP 04 (2023) 035
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NEW NEUTRINO INTERACTIONS:  
LIGHT MEDIATORS

XENONnT + PandaX-4T (2024)

See also Blanco-Mas+  2411.14206

VDR, Papoulias, Ternes JCAP 05 (2025) 012
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NEW NEUTRINO INTERACTIONS:  
LIGHT MEDIATORS

CONUS+ (2025)

See also Chattaraj+ 2501.12441
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Dresden-II (Ge) - iron filter

Aristizabal, VDR, Papoulias JHEP 09 (2022) 076

COHERENT CsI (2021) + LAr

STERILE NEUTRINO DIPOLE PORTAL 

VDR, Miranda, Papoulias, Sanchez-García,Tórtola and Valle, JHEP 04 (2023) 035

Transition of an active neutrino to a 
massive sterile state, induced by a 
magnetic coupling: νL + N → F4 + N 

dσν𝒩
dT𝒩

DP
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4(T𝒩 − m𝒩)
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𝒩m2
𝒩 ]
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McKeen, Pospelov PRD 82 (2010)  
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STERILE NEUTRINO DIPOLE PORTAL 
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UPSCATTERING INTO A STERILE FERMION 

40

Candela, VDR+  JHEP 10 (2024) 032

EvES data at XENONnT and LZ

Possible production of a new MeV-scale fermion through the up-scattering 
process of neutrinos off the nuclei and the electrons of the detector material 
through some new.
Complementarity with COHERENT and DUNE experiments.

See also: Brdar+ JHEP 12 (2018) 024, Chao+ PRD 104 (2021) 
095017, Chen+ JHEP 05 (2021) 131, LI & Liao  JHEP 02 (2021) 
099, Chang & Liao  PRD 102 no. 7, (2020) 075004, VDR, 
Candela, Papoulias Phys.Rev.D 108 (2023) 5, 055001

VDR, Papoulias, Sanchez Garcia PRD 111, 075025 (2025)

CONUS+ (2025)

COHERENT CsI (2021) + LAr
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‣ Global fits with diverse neutrino probes including DM DD data are gaining importance.

‣ Dark matter detectors are becoming complementary to terrestrial experiments in detecting ∼MeV 
neutrinos.

‣ Careful treatment of backgrounds and uncertainties (e.g. quenching factors).

‣ Exploit the complementarity of various experimental targets and sources to maximise the physics 
potential.

‣ Increased statistics will require to account for small terms in theoretical predictions:  (flavor-
dependent) radiative corrections, nuclear form factors, axial terms, inelastic contributions… 

41

Tomalak, 2506.03255 (2025) 
Hellgren+, PLB 868 (2025) 139624

CEvNS measurements are growing fast, heading to high statistics and precision.

Atzori-Corona+, arXiv: 2504.05272

Billard+ JCAP 11 (2018) 016
Baxter+ JHEP 02 (2020) 123
Galindo+ PRD 105 (2022) 3, 033001

WHAT’S NEXT?
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Summary

42

‣ CEνNS process:
• coherency condition (sources: spallation source, nuclear reactors,…)
• neutrinos scatter on a nucleus which act as a single particle
• enhancement of the cross section (∝N2)

‣ CEνNS experiments and data:
• COHERENT (CsI, LAr, Ge…)
• Reactor experiments (Dresden-II and CONUS+)
• Now also DM DD experiments!

‣ CEνNS extended physics potential:
• SM physics (weak mixing angle, nuclear physics)
• Electromagnetic properties
• BSM scenarios: NSI, NGI, new light mediators, production of a dark fermion, ALPs, 

sterile neutrinos…
• Impact on the neutrino floor/fog

‣ Wealth of information from forthcoming data: implications for both precision tests of the 
Standard Model and for new physics in the neutrino sector!
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‣ CEνNS process:
• coherency condition (sources: spallation source, nuclear reactors,…)
• neutrinos scatter on a nucleus which act as a single particle
• enhancement of the cross section (∝N2)

‣ CEνNS experiments and data:
• COHERENT (CsI, LAr, Ge…)
• Reactor experiments
• Now also DM DD experiments!

‣ CEνNS extended physics potential:
• SM physics (weak mixing angle, nuclear physics)
• Electromagnetic properties
• BSM scenarios: NSI, NGI, new light mediators, production of a dark fermion, ALPs, 

sterile neutrinos…
• Impact on the neutrino floor/fog

‣ Wealth of information from forthcoming data: implications for both precision tests of the 
Standard Model and for new physics in the neutrino sector!

Thank 

you!
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LIST OF CEvNS OBSERVATIONS
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‣ 2022: Dresden-II, Ge

‣ 2025: CONUS+, Ge, 3.7σ CL
Colaresi, Collar et al. Phys. Rev. Lett. 129 (2022) 211802

Reactors

Ackermann+ 2501.05206

Credit: Atzori Corona Magnificent CEvNS 2024

Quenching factor dependence!

Y. Li+, 2502.12308

Colaresi et al., Phys. Rev. D 104, 072003 (2021)
Colaresi et al., 2202.09672 [hep-ex] 

CONUS Phys. Rev. Lett. 126, 041804 

Hard to reconcile different measurements 
with the same choice of quenching factor. 

New results from vGEN and more (e.g., 
Ricochet) expected soon. Ch. Phys. C 49 053004 (2025)

https://arxiv.org/abs/2501.05206
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The quenching factor (QF) describes the observed 
reduction in ionization yield produced by a nuclear 
recoil when compared to an electron recoil of same 
energy

• often not (yet) well known at low recoil energies 
for CEνNS

• major uncertainty! 

J.I. Collar et al, Phys. Rev. D 103, 122003 

Colaresi et al., Phys. Rev. D 104, 072003 (2021)
Colaresi et al., 2202.09672 [hep-ex] 

QF = Emeas/Enuclear recoil 

CONUS Phys. Rev. Lett. 126, 041804 

CONUS: Direct measurement of ionization quenching 
factor: k=0.162+-0.004 (compatible with Lindhard)

EVIDENCE OF CEvNS ? 
 AT NCC-1701 (DRESDEN-II REACTOR)
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Statistical analysis

47

• σ0 = 11% efficiency + flux
• σ1 = 25% BRN
• σ2 = 35% NIN
• σ3 = 2.1% SSB
• σ5 = 3.8% QF
• σ4 = 5% (RA = 1.23 A1/3(1 + α4))
• α6 beam timing (no prior)
• α7  CEνNS efficiency 

• σ0 = 13% normal. 
CEvNS

• σ3 = 0.79% SS
• σ8 = 100% 

delayed BRN
• σ4 = 32% prompt 

BRN
• β1, β2, β5, β6 and 
β7 shape 
uncertainties

• Atzori-Corona et al. 2205.09484, COHERENT Collaboration 2006.12659 

• COHERENT Collaboration Phys.Rev.Lett. 129 no. 8, (2022) 081801

CsI

LAr
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Maximum nuclear recoil is 

Accelerator neutrinos:

Reactor neutrinos:

Full coherence

Close to decoherence

Drukier, Stodolsky, PRD 30 (1984) 2295

• No threshold
• Heavier nuclei: higher cross section but lower recoil
• Both cross-section and maximum recoil energy increase with neutrino energy

Heavy target nucleus:

A = 133, M ~ 133 GeV
R  = 1.2 A1/3 ~ 6 fm

CEνNS occurs for |q⃗| ≲ 35 MeV

COHERENT ELASTIC  
vEUTRINO-NUCLEUS SCATTERING 

(CEvNS)


