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All started 44 years ago

Right after observation of the Neutral Current interaction (1973),
In analogy to the coherent behavior of electron-nucleus scattering
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Why coherent scattering?

Z-exchange of a neutrino with 
nucleus

(a) Neutrino wavelength(Q-1) > 
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 the SM 

COHERENT Collaboration 
Science 357 (2017) 1123

See for example 1207.0693
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Barranco et. al., (2005)

The cross section: beyond the SM (e.g., NSIs) 

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 physics

0.01 in epsilon  the TeV scale.  
For NSIs at Oscillations, see the talk by Dr. Marfatia (July 5)

Barranco, et. al., (2005)
Linear correlation in one nucleus, and may break 
using different targets!

 see the talk by Dr. Diego ARISTIZABAL (July 7)



6

Why difficult?

(1) the only experimental signature: nuclear recoils

(2) tiny nuclear recoil energies
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First detection one year ago (2017) 

See the talk by Dr. Grayson RICH
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First observation of CEvNS

COHERENT
Collaboration

See the talk by Dr. Grayson RICH
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Signal: 28%

Background: 25%

Cadeddu, Giunti, YFL*, Zhang

Phys.Rev.Lett. 120 (2018) 072501

Extracting the neutron radius 

From the COHERENT
Collaboration
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Test of the full coherency

(1) Full coherence  Fp = 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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Neutron radius and skin

 Neutron skin

Questions:

(1) Is the neutron skin smaller 
or larger?

(2) Possible for higher order 
moment expansions?
(see for example 1207.0693)

Cadeddu, Giunti, YFL*, Zhang

Phys.Rev.Lett. 120 (2018) 072501
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(a) The neutron radius and neutron skin are strongly correlated 
to the nuclear Equation of State (EOS), the slope of bulk 
symmetry energy, and other nuclear quantities.

(b) A larger neutron skin would suggest a stiffer EOS and imply 
a larger neutron star radius, which can be related to the 
gravitational binding energy of core collapse supernovae.

(c) With the first observation of binary neutron star inspiral at 
Advanced LIGO and Advanced Virgo, one can infer the tidal 
deformability parameter, which is also related to the neutron 
star EOS and to the neutron skin. (see 1805.11581 and 1711.06615)

(d) Information on the nuclear neutron density radius is also 
important for a precise determination of the background due to 
coherent elastic neutrino-nucleus scattering in dark matter 
detectors (e.g., 133Cs and 127I have similar atomic and mass 
numbers to that of Xenon). 

Importance of the neutron radius
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Implication: astrophysics

Neutron star radius

1) R and Λ* have strong correlation 
in typical nuclear model (FSUGold2)

2)  PREX is a parity-violating 
electron-scattering experiment for  
the neutron skin of Pb208.

DM connection

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

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

Billard, Strigari, Figueroa-Feliciano, (2013)Fattoyev, Piekarewicz, Horowitz, (2017) 
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Implication: NSIs beyond the SM

Many publications in this field (in-complete list):
1708.02899, 1708.04255, 1710.10889, 1711.03521, 1711.09773, 1802.05171, 1803.01224, 

1804.03660, 1805.01798, 1805.04530, 1806.07424, … …

COHERENT Collaboration 
Science 357 (2017) 1123

Coloma et. al., 1708.02899

Liao, Marfatia, 1708.04255

(1) For the same flavor, their summation is 
coherent (linear), for different flavors, the 
summation is incoherent (quadratic).

(2) It will be different for light mediators
For details see talk by Dr. Diego ARISTIZABAL (July 7)
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Outlook: first indication from reactors?
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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 with 
higher precision.

CEνNS will become an interesting tool for:
neutron form factors, implication for astrophysics,
physics within or beyond the SM.

 very interesting potential of CEνNS
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Thanks!
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Description of form factors
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What is“COHERENT”?

See the talk by Dr. Grayson RICH
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Comparison with the SM prediction

COHERENT
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Implication: weak mixing angle

1711.09773

~20% uncertainty
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Implication: 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


