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Outline of the Seminar

Coherent Elastic ⱨ N 
Scattering Theory

The CEⱨNS 

Global Picture

Credits: Dr. Riccardo Cerulli

Low Energy ⱨ

Hg

Standard Model 

Phenomenology 

╩ᴂ

ⱨ-BSM
If you're interested in 
the implications for 
new physicsΣ ŘƻƴΩǘ 
miss the next talk by 
Valentina De Romeri!
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LEⱨS-fit Webpage

https://levs-fit.ca.infn.it/
The majority of the resultsare in 

collaborationwith:
M.Cadeddu, N.Cargioli, F. Dordei: 

Cagliari Group
&  C. Giunti (Turin)

https://levs-fit.ca.infn.it/
https://levs-fit.ca.infn.it/
https://levs-fit.ca.infn.it/
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Why CEⱨNS Matters?
Neutrino Fog

Ciaran A. J. O'Hare, 
Phys. Rev. Lett. 127, 251802 (2021)

Probe of the SM @ low-energies (compared to 
colliders)

M. Atzori Corona et al, 
Phys.Rev.D110(2024)
3, 033005

Beyond the SM
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History 

’  Nᴼ’  N

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

It took 43 years 
before it was 

observed!
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Nuclear recoil: The neutrino interacts with a nucleus containing Z protons and N neutrons, transferring some energy to it.

The nucleus, which can be part of a crystalline lattice or free to move (e.g., noble gases), gets perturbed. 

Coherent ⱨ N  Interaction

▬ᴂ

▬

Nuclear Recoil 

Qualitatively:

ά ḗρππ GeV; Ὁ ḗρπ MeV O ρπ

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture
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1 MeV                     10 MeV                        100 MeV                     1 GeV                             10 GeV                    100 GeV   

M.Cadeddu et al 
EPL143(2023)3, 34001

Ὁ ḗρππ 'Å6 ‗ ḺὙ

 Interaction with individual 

constituents: inelastic process

Ὁ ḗρππρπππ -Å6 ‗ Ὑ

 Scattering not totally coherent

Ὁ ḗρπ -Å6 ‗ Ὑ

 Coherency condition

ḗφ ρπ fm

ⱨ N  Interactions

ⱦ╩ ḗȿ▲ȿ

╔ⱨ
The process is coherent when the de Broglie wavelength is larger than the nuclear dimension

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture
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Semi-classical treatment 

Coherency occurs when an elementary projectile (in this case, the neutrino) elastically scatters off a complex system (for us, 
the nucleus) made up of A individual constituents (the nucleons). Now, consider the nucleons with specific positions 
ὼȟὭ ρȣȢὃ
By the principle of superposition, the amplitude of the process F ▬ȟ▬  can be written as the sum of the contributions 

from each individual nucleon Ὢ▬ȟ▬ , where the individual amplitudes are weighted by a phase factor that accounts for 
the relative phase of the wave at the point ●░.
When multiple scatterings are negligible, we have:

F▬ȟ▬
░

═

█░▬ȟ▬ ▄
░▬ ▬●░

The cross section is

Ὠ„

Ὠɱ
ḗ F▬ȟ▬

x

y

z

●░ ὼȟώȟᾀ

’

ὴ

pᴂ

Coherence from a Quantum-Mechanical View 
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

▬ ▬ ▲

●░╡

MIAPbPDiscussion: what
about relicneutrinos?
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If ήὙḺρ, the phase factors will be equal to 1. Therefore
Ὠ„

Ὠɱ
ḗὃ Ὢ▬ȟ▬

Here, we introduce the mean amplitude Ὢ, since the interaction amplitude on protons and neutrons is different. 

For a quantum system, we cannot define the positions of the constituents of the target. We introduce the spatial density of 
nucleons ”ὼ. In this now realistic case, the amplitude will be:

F▬ȟ▬ Ὢ▬ȟ▬ Ὠὼ”ὼὩ ẗ
It reduces to the previous case for 

”ὼ В‏ὼ ὼ

This quantity is the Fourier transform of the nucleon distribution, and it is 
what is referred to as the Form Factor (FF). It describes the loss of 

coherence due to the finite structure of the nucleus.

Coherence from a Quantum-Mechanical View 

Å De Broglie wavelength ‗ ḗ
ᴐ
ḗ

  

 
ḗςπ ÆÍ with ή ὴ ὴ ςά Ὕ

When do we have to worry about form factors?

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture
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The CE’NS Lagrangian therefore is 

Leptonic 
currentSum over 

quarks

The CEⱨNS Lagrangian
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

Hadronic 
current

4 fermion 
interaction 
ὓ ḻή 
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Ὠ„
Љ 

ὨὝ
 
╖╕□╝
“
 

╣ἶἺ
╔ⱨ
 

□╝╣ἶἺ

╔ⱨ
 ╠╦ ╕╦

Constants

Ὃ : Fermi constant

„ᶿά : nuclear mass

Kinematics 
Phase space factor

Weak charge of the nucleus
Describes the strength of the 

neutrino coupling with the nucleus

Nuclear Form Factor
Describes the loss of coherency for 

increasing neutrino energies

The CEⱨNS Cross Section

V. De Romeri et al JHEP04(2023)035
C. Giunti Phys.Rev.D 101 (2020) 3, 035039

M. Cadeddu et al. Phys.Rev.D 101 (2020) 3, 03300
M. Atzori Corona et al. JHEP 05 (2024) 271

ΧΦ

D. AristizabalSierra Phys.Lett.B845(2023)138140
R.R. Rossi et al Phys.Rev.D109(2024)9, 095044
M. Cadeddu et al. Phys.Rev.Lett. 120 (2018) 7, 072501
M. Atzori Corona et al. Eur.Phys.J.C 83 (2023) 7, 683
ΧΦ

*I neglected the axial contribution, which is 0 for spin-zero nuclei. 
See also Hoferichter et. al. Phys. Rev. D 102.7 (2020), p. 074018 and V. De Romeri et al 2603.05281 

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

More detailsin the SupplementalMaterial
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Let us focus on a fundamental quantity, the weak charge of the nucleus ╠╦
 . This is defined as

╠╦
 ▌╥

▬
╩ ▌╥

▪╝

Å▌╥
▬
 and ▌╥

▪ are the couplings of neutrinos with individual protons and neutrons. They are well predicted by 

electroweak theory, and at tree level they are:

Å  Ὣ ςἻἱἶⱣ╦ ḐπȢπςςχτ

ÅὫ

The tree-level couplings are not dependent on the neutrino flavor.

The weak mixing angle ἻἱἶⱣ╦ ▲ ᴼ Ȣ  

is responsible for the suppression of the ’-proton coupling:

          Ὣ ḺὫ  , i.e. „ᶿὔ

Radiative corrections play a fundamental role!

The Nuclear Weak Charge

PDG 2024

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

Is there a small 
tension? 
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The role of  Radiative Corrections APV (Cs)
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

Atomic ParityViolation (APV) in a nutshell:

An electromagnetictransition betweentwo atomicstateswith the sameparity isnot allowed
by the selectionrules.

The observable is again the nuclear weak charge

ὗ #Ó ὤρ τÓÉÎ— ҍbҌǊŀŘƛŀǘƛǾŜŎƻǊǊŜŎǘƛƻƴǎὗ ȟ #ÓḗтоΦно ҕ лΦлм

The experimentalmeasurementis [PDG 2024]

AtomicParityViolation
An electric dipole transition 

amplitude between two atomic 
states with the same parity, such 
as the 6S and 7S in cesium, can be 
induced by a ὤ  boson exchange 
between electrons and nucleons.

ÓÉÎςȢτ-Å6 πȢςστωπȢππρψ
APV

Ἳἱἶ ἥ Ἱ ᴼ Ȣ

NEW 2602.22466, Flambaum & Samsonov

The inclusionof long-range RC 
might solve the problem:

ÓÉÎςȢτ-Å6 πȢςσχυπȢππρω
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Radiative Corrections to CEⱨNS
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

Radiative corrections (RC) provide additional contributions to the neutrino-nucleus interaction vertex.

Neutrino ChargeRadius (NCR) 

WW-box

Erler & Su, Prog. Part. Nucl. Phys. 71, 119 (2013)

WW crossed-box

ZZ-box

CEⱨNS Couplings

Tree level:

Ὣ
ρ

ς
ςἻἱἶⱣ╦ḗπȢπςςχτ

Ὣ
ρ

ς
With radiative corrections(RC)

Ὣ ’ ḐπȢπσψς

Ὣ ’ ḐπȢπςωω

Ὣ ’ ḐπȢπςυυ
Ὣ πȢυρρχ

ⱨ-▄ C.A. Ternes Talk on 
Thursday
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In general, a neutral particle can be described as a superposition of two charge distributions of opposite signs, which is 
non-zero only for non-zero momentum transfers, ή. This effect is attributed to the series expansion of the charge form 
factor.

The neutrino charge radius is defined as

The charge form factor is thus interpreted as the Fourier transform of the charge distribution associated with the neutrino 
interaction.

Fundamental Physics Test: ⱨ Charge Radius
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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Radiative Corrections to CEⱨNS
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

NCR Diagrams

Numerically, it correspondsto

C.Giunti et al. 
Rev.Mod.Phys. 87 (2015) 

531

We can fit for this data using 
currently available data

The NCR is parameterized as a modification of the neutrino-
proton coupling through the radiative correction ꜚⱨЉ ╦ , that can 

be expressed in terms of ►ⱨЉ :

Ὣ ḗ
ρ

ς
ςÓÉÎ— ςꜚ ⱨЉ ╦ 2#

Ὣ ḗ
ρ

ς
ςÓÉÎ—

ς“‌

σὋ
►ⱨЉ 2#

Wecan let it free to vary in the fit to 
obtain a constraint.
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Neutrino Charge Radius
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

The neutrino charge radius is a vertex correction to the CE’NS process. The experiment is performed at ▲ ȡ 

Ὣ ḗ ςÓÉÎ— ►ⱨЉἭἮἮ
2# 

ὶ
Љ

Ὃ

ςς“
σ ρςὙЉή

M, Atzori Corona 
et al. JHEP 05 
(2024) 271

This effect needs to be taken into 
account when extracting the neutrino 

charge radius from the data!
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The finite size of the nucleus plays a crucial role in the interaction

Ὑȟ
ὶ᷿”ȟὨὶ

”᷿ȟὨὶ

#Ó 
Symmetrized 

Fermi

Ⱦ”

Ὂ ή Ὠὼ” ὼὩ ẗ

ÅThe nuclear neutron 

distribution is poorly known!

ÅNeutrinos can be used a 

microscope to probe the 

neutron distribution.

Neutron skin: 
ɝὙ Ὑ Ὑ

Ὂ Ὣὤ╕▬ Ὣὔ╕▪  (D. Aristizabal Sierra, 

Phys.Lett.B 845 (2023) 138140)

ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

The Neutrino Microscope for Nuclear Physics
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ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

Dominant neutrino cross section at 
low energies.

The Faintest Signal from the Strongest ⱨ Interaction

The CEⱨNS Recipe:

üLow energy neutrinos

üLow threshold experiment

üLow background 

environment
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#%ʉ.3%ÖÅÎÔÒÁÔÅὨὉ
▀Ɑ

▀╣ἶἺ

▀ꜚ

▀╔ⱨ
╡

V CEⱨNS cross 
section

V Neutrino Flux

Detector response: 
ü Energy efficiencyeffects;
ü Energy smearingeffects;
ü Quenching factor

What Do Experiments Measure?
ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

CEⱨNS 
Standard ModelE
xc

e
ss

 c
o

u
n
ts

 (a
.u

.)

╣ἶἺἳἭἤἶἺ0.01 1 10
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Low -Energy ⱨ

Credits: Dr. Riccardo Cerulli

Low Energy ⱨ

Hg
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ÅPulsed beam (time structure) at 
spallation neutron source (SNS)

Åⱨ▄ȟⱨⱧ and ⱨⱧ 
Å╔ⱨ  MeV
ÅObserved CEⱨNS in 2017 with 

a CsI detector!

CEⱨNS has been observed from the following sources

Pion Decay at Rest 

ⱨ▄

ⱨ▄

ÅHigh flux (Ḑ ȾἫἵ ȾἻ 
@20 m)

Åἂ╔ⱨ▄ἃḐ 2 MeV

ÅὉ ρπ MeV
ÅNeutrinos are produced 

through ‍-decay at a reactor 
plants. 

Reactors

’ȟȟ
ⱨ▄

ÅNeutrinos from all flavor
ÅDifferent components 

due to oscillations
ÅBackground for dark 

matter searches
Åἂ╔ⱨἃḐ 5-6 MeV for "
ÅὉ ρφ MeV 

The Sun

Low Energy ⱨ Sources
ÅLow Energy ⱨ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture

Ⱬ  OⱧ +ⱨⱧ 

Proton 
(1 GeV)

Hg

Ⱨ ᴼⱨⱧ ⱨ▄ ▄

ȢⱧἻ
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Pion Decay at Rest 

PRC.108.055501

Reactors

V  Lower neutrino energies: full 
Coherency Regime

V  Sensitivity to some BSM Physics
V  Different reactors in the world

Limited background rejection
Very low threshold is required 
Uncertainty on the neutrino flux 
(ḐυϷ)

V  Higher neutrino energies sensitive 
to the nuclear structure

V  Very powerful background rejection
V  Two neutrino flavors available 

(’ȟ’ȟӶ’)

The Sun

V  Lower neutrino energies: full 
Coherency Regime

V  Sensitivity to the † flavor
V  Perfect example of Serendipity

 Few facilities in the world
Uncertainty on the neutrino flux        
(ḐρπϷ)

Ton scale experiment
Underground experiment needed

Low Energy ⱨ Sources
ÅLow Energy ⱨ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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The CEⱨNS Global Picture

The CEⱨNS 

Global Picture

Credits: Dr. Riccardo Cerulli
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Data Available in the world

Pion Decay at Rest 

Cesium Iodine Phys. Rev. Lett. 129 (2022) 

8, 081801

12 „, σπφςπ events observed, 
consistent with the SM (1 Ɑ)

 
Argon Phys. Rev. Lett. 126, 012002 (2021)

3.5 „, ρυω τσ events observed, 
consistent with the SM (1 Ɑ)

Germanium Phys. Rev. Lett. 134, 231801 

(2025)

3.9 „, ςπȢφ Ȣ
Ȣ events observed, in 

tension with the SM (2 Ɑ)

Ḑ 485 CEⱨNS events

Reactors

CONUS+ Nature 643, 1229-1233 (2025)

3.7 „, σωυρπρ events observed, 
consistent with the SM (1 Ɑ)*

 
TEXONO Phys. Rev. Lett. 134, 121802 (2025)

Upper limit: ⱬ Ȣ

ⱨGeN Chinese Phys. C 49 053004 (2025)

Upper limit: ⱬ Ȣ

*There is currently a discussion regarding the 
low-energy value of the quenching factor. Here 
we focus on analysis relying on the standard 
quenching theory (Lindhard).

Ḑ 880 CEⱨNS events
Ḑ  CEⱨNS 
events in total!

The Sun

XENONnT Phys. Rev. Lett. 133, 191002 

(2024)

2.73 „, ρρȢω Ȣ
Ȣ events observed, 

consistent with the SM (1 Ɑ)

 
PANDAX Phys.Rev.Lett. 133 (2024) 19, 

191001

2.64 „, χυ ςψ events observed, 
consistent with the SM (1 Ɑ)

LUX-ZEPLIN2512.08065

4.5 „, ρςȢσ Ȣ
Ȣ events observed, 

consistent with the SM (1 Ɑ)

ÅLow Energy ⱨ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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The following neutrino sources have not yet shown CE’NS, but are highly promising.

Å╔ⱨ  MeV
ÅHigh ’ flux
ÅGood control on the 

flux systematics

See Andrei Puiu presentation 
@ Magnificent CE’NS 2025:
CE’NS on Li with an EC source

Low Energy ⱨ Sources
ÅLow Energy ⱨ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture

Electron Capture

M. Vignati et. al.,
Eur.Phys.J.C79  (2
019)9, 727

RES-NOVA: 
PRD102(2020)6,063001
 DarkSide-20k Sensitivity:
JCAP 03 (2021) 043

Supernova ⱨ

Å╔ⱨ  MeV
ÅHigh ’ flux
ÅCE’NS can be used to 

calibrate the SN intensity
ÅSensitive to all flavors (but 

not flavor-blind)
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M. Atzori Corona PhD Thesis

Dresden-II

ⱨIOLETA

GanESS

CSNS

Reactor 

Stopped Pion Source

Underground

XENONnT

RES-NOVA

DarkSide-20k

Bullkid

LUX 

Zeplin

The Hunt for CEⱨNS
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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ÅLow Energy ’ ÅSM PhenomenologyÅCEⱨNS Theory ÅThe CE’NS Global Picture

CEⱨNS Regimes

CEⱨNS 
Standard ModelE

xc
e

ss
co

u
n
ts

(a
.u

.)

╣ἶἺἳἭἤἶἺ

ⱨ▄ȟⱧȟⱲ
╩

ⱨ▄ȟⱧȟⱲ

CEⱨNS

0.02 1 10
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ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture

NUCLEUS CommissioningRun@ TUM
Phys.Rev.D112 (2025) 7, 072013

NUCLEUS Background and simulation
Phys.Rev.D112 (2025) 7, 072013

NUCLEUS LEE paper, on Arxiv today!
Arxiv: 2603.07687

NEW

Mini-workshop after lunch:
"Tackling the Low-Energy Excess to Probe 
New Physics with NUCLEUS"

The NUCLEUS Experiment

Collaboration Meeting @Chooz, March 2025
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Target detectors: Ḑ10 g of #Á7/
and !Ì/ with instrumentedholders 

(innerveto)

Internal shielding: cryogenicshieldingof active

germanium(COV) , ὄ#, boratedpolyethylene, 

lead and muonveto.

Dry dilution refrigeratoratḐρπmK

External shielding: borated

polyethylene, lead and muonveto.

The setup will be placed

at the VNS, a 24 ά
basementroom.

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture

The NUCLEUS Experiment
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Å Commissioningof an essentialversionof the experimentconcludedin summer2024 at the shallowUnderground 
Laboratory(UGL) at TUM.

Å Two monthsof stableoperationof target detectors with activeand passive shielding!

Commissioning Run @ TUM

Setup:
Å One ἍἩἥἛ crystal with TES and 

one ἋἴἛ  double TES readout
Å One Outer Veto Crystal
Å Full passive shielding without "#
Å Full muon veto system 

NUCLEUS Collaboration
Phys.Rev.D112 (2025) 7, 072013

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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Low Energy Excess(LEE)
Unexpectedand unexplainedrise of the events at low energies 

Cryogenic Target Detectors

Two target detectors were operated , and the measured energy spectra and background simulations (GEANT4) for the 
cryogenic target detectors.

Baseline resolutionachieved:

ἍἩἥἛ
ü„ φȢς πȢσeV

ἋἴἛ
ü TES 1: „ υȢχ πȢςeV
ü TES 2: „ υȢυ πȢςeV

If you are interested in the 
sensitivity of the experiment, 
in the presenceof the LEE.. 

See you this afternoon!

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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Å14.3 kg of cesium-iodine(CsI) detector, 19.3 m from SNS
Å6.7 „ evidence of CE’NS
ÅḐχËÅ6 threshold
ÅBoth energy and time information

The First CEⱨNS Observation
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture

Spotting a ghost
D. Akimovet al. Science 357.6356 (2017) 
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CsI 2022 (14.4 kg)
12 „ significance

Phys.Rev.Lett. 129 (2022) 8, 081801

Ὁ ḗχ ËÅ6
MAC. PhD 

Thesis

The COHERENT Legacy: CsI & Ar

Ar 2020 (24 kg)
3.5 „ significance

Phys. Rev. Lett. 126, 012002 (2021)

MAC. PhD 
Thesis

Ὁ ḗςπ ËÅ6

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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What Have We Learned?

Standard Model 

Phenomenology 

╩ᴂ

ⱨ-BSM
If you're interested in 
the implications for 
new physicsΣ ŘƻƴΩǘ 
miss the next talk by 
Valentina De Romeri!
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CEⱨNS 
Standard Model

╣ἶἺἳἭἤἶἺ0.02 1 10

E
xc

e
ss

 c
o

u
n
ts

 (a
.u

.)

Nuclear Physics

ⱨ▄ȟⱧȟⱲ
╩

ⱨ▄ȟⱧȟⱲ

CEⱨNS

The Neutrino Microscope for Nuclear Physics
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M. Atzori Corona et al. 
Eur.Phys.J.C 83 (2023) 7, 

683

CsI 2022 data show Ḑφ „ 

evidence for the 

suppression of the full 

coherence!*
*Obtained fixing the weak mixing 

angle to its low-energy value.

CsI 
2022 

A Microscope for Nuclear Physics
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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CsI
Ὑ  #ÓḗὙ ) υȢτχ πȢσψ ŦƳ 
ɝὙ #Ó)ḗπȢφχ πȢσψ fm

Positive and large neutron skin
          
            Ar 

╡▪ ἋἺ τȢτ ŦƳ 

Upper limit on the neutron radius

M. Atzori Corona et al. Eur.Phys.J.C 83 (2023) 7, 683

M. Cadeddu et al.. Phys.Rev.D 102 (2020) 1, 015030

          Ge
╡▪ἑἭ  Ȣ Ȣ Ɑ, in tension with Nuclear 
Shell Model predicts Ὑ 'ÅḐτȢςς fm (averaged for all 
isotopes.) Small tension still under investigation!

Solar and reactor experiments are NOT sensitive to ╡▪

A Microscope for Nuclear Physics
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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The COHERENT Legacy: Ge

2025
 First COHERENT measurement 

on Germanium

ḗ Ɑ!

PhysRevLett.134.231801

Å3.9 Ɑ significance for the signal!
ÅMass: 10.66 kg
ÅExposure: 10.22 GWhkg

ÅTheory prediction: στȢχ σȢτ events
Å  Best fit: ςπȢφ Ȣ

Ȣ events O  Ɑ tension!

Å It can be explained by an anomalous rms  neutron 
radius:

             Ὑ 'Å  φȢυ ρȢτ ρ„

Small tension still under investigation, we need to 
wait for more data!

M. Atzori Corona et al. Phys.Lett.B 869 (2025) 139856

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CEⱨNS Global Picture
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Consistency Among CEⱨNS Data

90%

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture

Exploiting the complementaritybetweenSNSand reactorson 
the sametarget:
Å SNS: Ὑ ÓÉÎ— correlation
Å Reactors: not sensitive to Ὑ
Å Input from ⱨ ▄ scattering

First simultaneousextractionof bothÓÉÎ— and Ὑ 'Å.
The result isanomalous, due to the fact that COH-Gedata are in 
slighttensionwith the SM!

M. Atzori Corona et al. Phys.Lett.B 869 (2025) 139856



Mattia Atzori Corona (INFN) MIAPbPWorkshop 41

Consistency Among CEⱨNS Data

M. Atzori Corona et 
al.  Arxiv: 2509:22158 Only upper limit on the CE’NS †-flavor ( σ @ 90% CL 

from a combined analysis)

90%

No flavor dependence is present in the data, indicating 

overall agreement with the SM.

First joint analysis of available CE’NS data sets at 

COHERENT (CsI+Ar+Ge), Reactors and Solar!

Unified scheme for neutrino flux  and theory input . 
See alsoM. Atzori Corona et al. Phys.Lett.B869(2025)139856

Reactors: ⱨ▄
COHERENT: ⱨ▄ and ⱨⱧȟⱨⱧ
Solar: ⱨ▄ȟⱨⱧȟⱨⱲ

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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CEⱨNS 
Standard Model
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CEⱨNS

Extracting The Weak Mixing Angle
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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The Weak Mixing Angle

Å Key parameter of the electroweak theory, 

it describes the electroweak coupling

Ὣ ḗ
ρ

ς
ςἻἱἶⱣ╦ ἠἍ

Å Predicted by the SM with high precision

CsI+Ar+Ge+Reactors

 ἻἱἶⱣ╦ ▲ ᴼ ḗ Ȣ Ȣ
Ȣ

Å Varies with the energy scale

Å  ÓÉÎ— ÑᴼπḗπȢςσψχσυ

Å Poorly known at low energies: CE’NS 

happens at 1ḗÔÅÎÓ ÏÆ -Å6Ó 

M. Atzori Corona et 
al.  Arxiv: 2509:22158

M. Atzori Corona et 
al. Phys.Lett.B 869 

(2025) 139856

ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture
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Neutrino Charge Radius Constraints
ÅLow Energy ’ ÅSM PhenomenologyÅCE’NS Theory ÅThe CE’NS Global Picture

CEⱨNS 
Standard Model
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Å CE’NS data provides a very powerful and innovative 
method to study the details of the ’-nucleon interaction 
vertex

Å At 1 „ we find

Neutrino Charge Radius

M. Atzori Corona et 
al.  Phys.Lett.B 869 

(2025) 139856

▄  flavor

Ⱨ  flavor

90 % CL

Best constraints from a 
global analysis of CEⱨNS 
and ⱨ ▄  Scattering

Phys.Rev.Lett. 135 (2025) 23, 231803

Ⱳ  flavor
(solar)

2509.22178

ÅLow Energy ’ Sources ÅCE’NS DataÅCE’NS Cross Section ÅSM and BSM Phenomenology

C.A. Ternes Talk on 
Wednesday
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ÅThe CEⱨNS era started in 2017 from the first COHERENT observation on CsI: emerging field with a lot of new 
data!

ÅOffers unique insights into fundamental physics: weak mixing angle, neutrino charge radiusand it is a 
microscope for studying the neutron nuclear structure, as well as new physics 

ÅPrecision era O  combination of datasets:  complementarity between Ⱬ DAR, reactor and solar experiments

ÅFuture is bright: a very strong sensitivity is expected with future COHERENT experiments (arxiv: 2509.04205), 
and look forward to the NUCLEUS sensitivity!

Conclusions and Outlook

ⱨ-BSM
Before Leaving the to 
floor to Valentina De 
wƻƳŜǊƛΧ

Final consideration: The peak of the CE’NS era remains unknown, as do the challenges and discoveries yet to 
come. However, this is the ideal time to contribute!

COH-Ar 
(3.4 „)

COH-CsI
(11.4 „)

XENONnT & 
PandaX(2.7 „)

COH-CsI
(6.7 „)

1974 43 yearslaterΗΧΦнлмт2020 2022 2023 2024 2025

CONUS+
(3.7 „)

COH Ge(3.9 „)

нлнсΧ

https://levs-fit.ca.infn.it/

LUX- ZEPLIN 
(4.5 „)

https://levs-fit.ca.infn.it/
https://levs-fit.ca.infn.it/
https://levs-fit.ca.infn.it/


Thanks for your attention!
              Questions?



Supplemental Material
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CONUS+ Observation

arXiv: 2501.05206

Naturevolume643, pages12
29ς1233 (2025)

CONUS+ Collaboration
The experiment is located in Leibstadt, Switzerland

Å Threshold: Ḑρ ËÅ6
Å Mass: 3.73 kg
Åὖ σȢφ '7ȟ, ςπȢχ Í
Å 119 days of Reactor ON 
Å Simulated bkg - ON Data
Å 3.7 Ɑ Observation (ḗ  ἭἾἭἶἼἻ)! 

CONUS+ observation relies on the Lindhard 
quenching at low energies. 

This is in tension with the Dresden-II observation 
(PRL 129 (2022) 21, 211802), which assumes a 
higher quenching as measured by Collar et al.

https://www.nature.com/
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Phys. Rev. Lett. 133, 
191002 (2024)XENONnT

Å 2.5 t of Xenon 
Å  Exposure 1.04 t x yr 
Å  About 75 events from B-8 

neutrinos 
Å  ~ 2.64 Ɑ evidence 

Å 5.9 t of Xenon 
Å  Exposure 3.51 t x yr 
Å About 11 events from B-8 neutrinos
Å ~ 2.73 Ɑ evidence

Phys.Rev.Lett. 
133 (2024) 19, 

191001

CEⱨNS @ Direct Dark-Matter Experiment 

Å 5.5 t of Xenon 
Å  Exposure 5.7 t x yr 
Å  About 12.3 events from B-

8 neutrinos 
Å  ~ 4.5 Ɑ evidence 

Arxiv: 2512.08065
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There are many nuclear reactors in the world, about 400. There is also a 
global movement with many experiments searching for CE’NS at reactors.Ӷ’

Ὁ Ḑ 2 MeV

Neutrinos are produced through the ‍ decay of fission fuels 
 5ȟ 0Õ, 0Õȟ 5.

Additionally, the neutrons produced can be absorbed by the fuel itself 
or by the reactor walls, triggering further reaction chains.

We are dealing with a very intense ⱨ▄ flux ḊḐ  ⱨȾ▼ ╬□

Reactor Flux - Phys.Rev.C 108 (2023) 5, 055501

Neutrinos from Nuclear Reactors
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Statistical Analysis - Example

We computedthe theoreticalCE’NS event number in each NR bin as

Energy Acceptance Energy Resolution

Neutrino Flux

CsI data

Poissonian 
definition of the …

Energy bin
Time bin

ᾀ ρȟςȟσȟτ stands for the CE’NS theoretical prediction, beam related neutrons 
(BRN), neutrino induced neutrons (NIN), steady state (SS) backgrounds. „ πȢρς

„ πȢςυ
„ πȢσυ
„ πȢπςρ

N stands for the 
nucleus(i.e. Cs,I, Ar)
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The weak mixing angle, ἻἱἶⱣ╦, is a key parameter of the electroweak theory ἡἣ Ἐṧἣ ἧ

It is responsible for the mixing of the ὄ field (Ὗρ  gauge symmetry), and the ὡ  field associated to the ὛὟς  

symmetry. 

Ὡ ὫÓÉÎ— ὫÃÏÓ—  
Å Ὣ: 35ς  gauge coupling
Å Ὣᴂ: 5ρ gauge coupling

In the -3 scheme, it is defined as:

 ÓÉÎ—‘

ÓÉÎ— ή πḗπȢςσψχσυ 

The Weak Mixing Angle
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The form factor thus takes into account this spatial distribution of nucleons. It can be described analytically 
using the Symmetrized 2 parameters Fermi.

The parameter c is the half density radius, while ὥ τ ὸ ȾÌÏÇσ.

Å The thickness is defined as the 
difference between the radius where 
the density drops from 90% to 10% 
of the plateau value (ὸḗ2.3 fm)

The Nuclear Form Factor


