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Neutrino properties & neutrino as a probe 
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➢ Natural Neutrino Sources are the ultimate background in the Dark 
Matter Direct Detection experiment

➢ However, it will become a future neutrino detector, very soon!

Neutrino floor as ultimate background
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Part A: Some History
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Discovery of NC Interactions in 1973

➢ Alternating neutral currents:

➢ Two neutrino experiments were running:
(A) Gargamelle at the CERN Proton Synchrotron
(B) HPWF (Harvard, Pennsylvania, Wisconsin, Fermilab) counter at Fermi

➢ To measure the NC & CC Interactions with muon neutrinos: 

➢ The result from Fermi lab was
published in 1974.

➢ W&Z at CERN were discovered 
in 1983.
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First Prediction in 1974

In analogy to the coherent behavior of electron-nucleus scattering
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First idea on the detection?

First idea on how to detect the neutrino coherent scattering process: 

Superconducting-grain detector for (10-1000 eV) recoiled energies 
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Direct detection of dark matter



9

First direct detection in 2017 
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Part B: Brief Introduction
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Coherent Elastic Neutrino-Nucleus Scattering
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The CEνNS kinematics 
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The CEνNS Cross Section
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The CEνNS Cross Section
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Partial Coherence
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Neutron Form Factor
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Neutron Form Factor
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Part C: Observation and Implications
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The COHERENT experiment

➢ 14.6 kg CsI scintillating crystal and 24 kg LAr
detector.

➢ Prompt monochromatic 𝜈𝜇 from stopped pion decays:

𝜋+ → 𝜇+ + 𝜈𝜇
➢ Delayed ҧ𝜈𝜇 and 𝜈𝑒 from the subsequent muon decays:

𝜇+ → 𝑒+ + ҧ𝜈𝜇 + 𝜈𝑒
➢ The COHERENT energy and time information allow us 

to distinguish the interactions of 𝜈𝑒, 𝜈𝜇 and ҧ𝜈𝜇

[COHERENT, arXiv:1803.09183] 
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First observation of CEvNS at CsI (2017)
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Neutron Distributions of Cs & I 
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➢ Neutron form factor is the Fourier transform of the neutron 
distribution

➢ First measurement of neutron radius with neutrinos, pure weak NC 
measurement!

➢ neutron skin → the nuclear Equation of State (EOS)→ neutron star 
radius

2102.06153

Neutron Distributions of Cs & I 
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BSM Neutrino Interactions in CEvNS

More details See 2202.11002, 2205.09484
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Neutrino Electromagnetic Interactions
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Diagonal charge radii
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Magnetic dipole moment
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Light mediators
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CONUS
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CONNIE



30

Dresden−II: Suggestive evidence
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Part D: Concluding Remarks
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Summary of CEvNS experimental searches

Dresden−II
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Exp. Program worldwide

From M. Vivier summary talk @Mag7s(2020)
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Implications: What can we do with CEνNS ? 

E. Lisi@Neutrino 2018
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EXTRAS
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Natural sources of low-energy neutrinos
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Artificial sources of low-energy neutrinos
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New observation with CsI (2020)

Pershey@@Mag7s(2020)
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New observation with CsI (2020)

From M. Vivier summary talk @Mag7s(2020)
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Single-Phase Liquid Argon
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COHERENT 2020: Argon (Ar)
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Electromagnetic Vertex Function


