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Outline

(1) Fundamentals of CEνNS

(2) The COHERENT experiment

results, prospects and beyond

(3) Implications

Particle physics, nuclear physics, astrophysics, application
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Neutrino interactions with Matter 

The Standard Model has six different interactions of neutrinos with matter:

(1)5 have already been detected

(2) 1 has so far not been detected:

Coherent neutrino-nucleus scattering: CEνNS

(a) conceptually important
(b) useful method to test new physics
(c) importance of astrophysics and cosmology

Freedman, Phys.Rev. D9 (1974) 5; Drukier, Stodolsky, Phys.Rev. D30 (1984) 2295
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All started 44 years ago

In analogy to the coherent behavior of electron-nucleus scattering
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Why coherent?

Z-exchange of a neutrino with 
nucleus

(a) Neutrino wavelength > 
size of nucleus: Q*R<< 1

(b) Nucleon wave-functions in 
the target nucleus are in 
phase with each other at low 
momentum transfer: nucleus 
recoils as a whole

(c) So the cross section should 
be proportional to A2

 Enhanced cross section for 

heavy nuclei

Coherency hold up to ~ 50 MeV
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The cross section: within & beyond SM 

COHERENT Collaboration 
Science 357 (2017) 1123
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Why difficult?

(1) the only experimental signature: nuclear recoils

(2) tiny nuclear recoil energies
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First detection in 2017 
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What is“COHERENT”?
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First light with CsI (Na)
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First observation of CEvNS
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Comparison with SM
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Implication-1: test of the coherency

(1) Full coherence  Fq = Fn =1.

(2) COHERENT data show 2.3-sigma evidence of the nuclear 
structure suppression of the full coherence.

Cadeddu, Giunti, YFL*, Zhang

Phys.Rev.Lett. 120 (2018) 072501
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Implication-2: weak mixing angle

1711.09773

~20% uncertainty
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Implication-3: beyond SM (NSI as an example)

Neutrino (new) Non-Standard Interactions(NSIs)  new physics at high 
scales, which are integrated out

Complementary method with others, Competitive method to test the TeV scale

0.01 in epsilon  TeV scale

COHERENT Collaboration 
Science 357 (2017) 1123

Barranco, et. al (2005)
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Implication-4: neutron radius

 Neutron skin

Implication for neutron star:

A larger neutron skin would 
suggest a stiffer EOS and imply 
a larger neutron star radius, 
and then a smaller gravitational 
binding energy.

Cadeddu, Giunti, YFL*, Zhang

Phys.Rev.Lett. 120 (2018) 072501
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Implication-5: detection of natural sources
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Implication-6: astrophysics

DM connection

1) DM experiments assume coherent 
DM scattering: test of CEνNS

2) Neutrino floor of direct DM 
experiments *IS* the CEνNS signal

Supernovae

Strigari, 2013

1) CEνNS in Fe+Ni shells influence 
momentum transport: opaqueness

2)  CEνNS for detecting supernova 
neutrinos.

Janka, 2017



19

Outlook: proposals of reactors

TEXONO (Ge, Taiwan), nu-Gen (Ge, Russia) 
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Outlook: first indication?
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Summary

CEνNS:

(a) large cross section, but tiny recoils, α N2

(b) accessible w/ low-energy threshold detectors , plus intensive 
neutrino sources.

After 43 years, first measurement by COHERENT CsI[Na] 
at the SNS. 
Near future: measurements with different targets in SNS, and 
possible detection with reactors.

CEνNS will become an interesting tool for:
tests of SM and new physics, neutron form factors, supernova 
dynamics, DM neutrino floor,  reactor monitoring.

 very interesting potential of CEνNS
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Thanks!
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COHERENT CEνNS Detectors
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CsI (Na) detector

Why CsI (Na)?
Large N2

large cross section.
Cs and I surround Xe in Periodic Table.
Na-doping can reduce afterglow
High light yield
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Background

(1) Steady-state backgrounds can be measured off-beam-pulse
• cosmogenics

• ambient and intrinsic radioactivity

• detector-specific noise and dark rate

(2) In-time backgrounds must be carefully characterized

• two neutron detectors for fast neutrons

• neutrino induced neutrons (NIN) blocked by HDPE, and cross 
section is measured by NIN tubes
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Summary tables
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Reactor vs stopped-pion for CEνNS
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Implication-7: reactor monitoring

Plutonium breeder blanket in a reactor has neutrino spectral signature 

additional sensor close to core: monitoring of burn-up and cool-down

Huber 2015


