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N

Coherence condition: qR ≲ 1 ⇒ at
small momentum transfer + low Eν

(wavelength bigger than nucleus)
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Coherent Elastic Neutrino Nucleus Scattering

➢ Weak charge: QW = gp
VZ + gn

VN =
(
1
2 − 2 sin2 θW

)
Z − 1

2N ≈ −1
2N
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➢ Need high cross section and low threshold
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Introduction Part 2

Why is this interaction interesting?

⇒ High cross section.
⇒ Experimental setups do not need to have the huge masses of inverse beta decay

or elastic neutrino electron scattering experiments.

⇒ Clean channel that is very sensitive to new physics.
⇒ Test the SM for BSM effects.
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Super-Kamiokande50000 ton 4 kg
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Timeline of CEνNS

1974 CEνNS predicted by D. Freedmen.

2017 First observation at the COHERENT experiment (CsI detector).

2021 Follow-up detection in Argon at the COHERENT experiment.

2024 Follow-up detection in Germanium at the COHERENT experiment.

2024 First indication of solar neutrinos at XENONnT (T 41.3) and PandaX-4T.

2025 First observation of antineutrinos in reactors in the CONUS+ experiment.

More TEXONO, CONNIE, RICOCHET, NUCLEUS, νGeN, Dresden-II, MINER and
other running experiments.
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CONUS Experiment

Location: Nuclear Power Plant in
Brokdorf, Germany
Thermal Power: 3.9 GW
Detectors: four 1 kg Germanium crystals
Shield: layered lead, borated and non-
borated polyethylene, plastic scintillator
plates with PMTs (muon veto)
Overburden: 24 m of water
equivalent average
Data acquisition during reactor ON and
OFF periods
Run 5: 05/2021 - 07/2022.
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CONUS final results

210 eVee threshold detectors

➣CEνNS < 0.34 signal events/kg/day

Detector Reactor on (kg d) Reactor off (kg d)

C1 141.5 40.2
C2 145.5 130.3
C4 139.0 101.6

Total 426 272

arXiv: 2401.07684

➣Brokdorf power plant ended operations in 2021

Almost 1 yr of reactor OFF data collected
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Analysis Method

Log-Likelihood procedure:

−2 logL = −2 logLON − 2 logLOFF + 2
∑
i

(Θi −Θ∗
i )

2

2σ2
i
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ON and OFF data simultaneously fitted
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LON(Θadd ,ΘMC ,ΘLEAK1,2,Θreactor ,Θdet ,Θ∆E )
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Additional knowledge: Gaussian pull terms
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✓ Vector NSI

✓ Light mediators
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✓ Light mediators
Light Scalar

Light Vector
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BSM Studies Part 1 (NSI)

New vector neutrino-quark interaction OqV
NSI = (ν̄αγ

µLνβ)(q̄γµPq) + h.c .
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BSM Studies Part 1 (NSI)

Vector NSI weak charge: QqV
NSI = (gp

V + 2εuVαα + εdVαα)Z + (gn
V + εuVαα + 2εdVαα)N

+
∑

α,β

[(
2εuVαβ + εdVαβ

)
Z +

(
εuVαβ + 2εdVαβ

)
N
]
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Vector NSI weak charge: QqV
NSI = (gp
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V + εuVαα + 2εdVαα)N

+
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)
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Only νe (ν̄e) and no oscillation
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Vector NSI weak charge: QqV
NSI = (gp

V + 2εuVαα + εdVαα)Z + (gn
V + εuVαα + 2εdVαα)N

Potential destructive interference
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Total exposure (kg d): 426 (ON),
272 (OFF)
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BSM Studies Part 1 (NSI)

Vector NSI weak charge: QqV
NSI = (gp

V + 2εuVαα + εdVαα)Z + (gn
V + εuVαα + 2εdVαα)N

Sensitivity to new mediator mass: ε ≈ g2
X
g2

M2
W

M2
X

≈ 140 GeV
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BSM Studies Part 2 (Light Mediators)

Light scalar mediator:

Lϕ = ϕ
(
gqS
ϕ q̄q + g eS

ϕ ēe + gνS
ϕ ν̄RνL + h.c.

)
− 1

2
m2

ϕϕ
2
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Lϕ = ϕ
(
gqS
ϕ q̄q + g eS

ϕ ēe + gνS
ϕ ν̄RνL + h.c.

)
− 1

2
m2

ϕϕ
2

Universal couplings assumed
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Light vector mediator:

LZ ′ = Z ′
µ

(
gqV
Z ′ q̄γ

µq + g eV
Z ′ ēγµe + gνV

Z ′ ν̄Rγ
µνL

)
+

1

2
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Z ′Z ′
µZ
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BSM Studies Part 2 (Light Mediators)

Light vector mediator:

LZ ′ = Z ′
µ

(
gqV
Z ′ q̄γ

µq + g eV
Z ′ ēγµe + gνV

Z ′ ν̄Rγ
µνL

)
+

1

2
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′µ

Universal couplings: gqV
Z ′ = g eV

Z ′ = gνV
Z ′ ≡ g

B-L coupling: g eV
Z ′ = gνV

Z ′ = −3gqV
Z ′ ≡ g
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Outlook

Ongoing: BSM analysis of new data from the CONUS+ experiment.
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CONUS+ New location: Leibstadt, Switzerland. 3.6 GW reactor.

Run 1 with four 1 kg HPGe detectors

Improved detectors: lower threshold
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Outlook

CONUS+ New location: Leibstadt, Switzerland. 3.6 GW reactor.

Run 1 with four 1 kg HPGe detectors

BSM studies:

V. De Romeri et al.

arXiv:2501.17843v2
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CONUS+ New location: Leibstadt, Switzerland. 3.6 GW reactor.

Run 1 with four 1 kg HPGe detectors

BSM studies:

M. Atzori Corona et
al.

arXiv:2501.18550v2
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Outlook

CONUS+ New location: Leibstadt, Switzerland. 3.6 GW reactor.

Run 1 with four 1 kg HPGe detectors

Run 2 with one 1 kg and three 2.4 kg HPGe detectors

14 / 14



Novel
constraints on

neutrino
physics

beyond the
standard
model of
elementary

particles from
the CONUS
experiment

Dario Piani

Introduction

Analysis

BSM

Outlook

BACKUP

Vector NSI

25 30 35 40 45 50
weak charge

1.0

0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

q

25 30 35 40 45 50
weak charge

0.0

0.2

0.4

0.6

0.8

1.0

1-
p

1.00 0.75 0.50 0.25 0.00 0.25 0.50 0.75 1.00
d
ee

1.00

0.75

0.50

0.25

0.00

0.25

0.50

0.75

1.00

u ee

Limit on NSI - 90\% CL
CONUS Run 5
CONUS Run 1

14 / 14



Novel
constraints on

neutrino
physics

beyond the
standard
model of
elementary

particles from
the CONUS
experiment

Dario Piani

Introduction

Analysis

BSM

Outlook

BACKUP

25 30 35 40 45 50
weak charge

1.0

0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

q

25 30 35 40 45 50
weak charge

0.0

0.2

0.4

0.6

0.8

1.0

1-
p

1.00 0.75 0.50 0.25 0.00 0.25 0.50 0.75 1.00
d
ee

1.00

0.75

0.50

0.25

0.00

0.25

0.50

0.75

1.00

u ee

Limit on NSI - 90\% CL
CONUS Run 5
CONUS Run 1

14 / 14



Novel
constraints on

neutrino
physics

beyond the
standard
model of
elementary

particles from
the CONUS
experiment

Dario Piani

Introduction

Analysis

BSM

Outlook

BACKUP

14 / 14



Novel
constraints on

neutrino
physics

beyond the
standard
model of
elementary

particles from
the CONUS
experiment

Dario Piani

Introduction

Analysis

BSM

Outlook

Electromagnetic properties

➢ In SM neutrinos have no electromagnetic properties.

➢ Neutrino masses allow through loop diagrams the generation of magnetic
moment (NMM) and electric millicharge (NMC).

➢ CONUS sensitive to effective magnetic moment.
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➢ In SM neutrinos have no electromagnetic properties.
➢ Neutrino masses allow through loop diagrams the generation of magnetic

moment (NMM) and electric millicharge (NMC).
➢ CONUS sensitive to effective magnetic moment.
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Cross section in elastic neutrino electron scattering (EνNS):
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Cross section in elastic neutrino electron scattering (EνNS):

dσ

dT
=
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)
SM

+
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dσ

dT

)
EM(

dσ

dT

)
qν

≈ 2πα

meT 2
q2ν
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Combined analysis of Run 1,2 and 5 from CONUS

µν < 4.39 · 10−11µB
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Electromagnetic properties

Combined analysis of Run 1,2 and 5 from CONUS

µν < 4.39 · 10−11µB

|qν | < 7.32 · 10−13e0

[J. Hempfling, PhD thesis, 2024]
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