
Yu-Feng Li (李玉峰)

中国科学院高能物理研究所

中国科学院大学物理学院

2021-8-22/2021-8-23 

@Beijing

CCEPP Summer School 2021 on Neutrino Physics

https://indico.ihep.ac.cn/event/14424/


2

See the lectures by

Prof. Kevin McFarland



3

Part A: Some History
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Neutral Current Weak Interaction

 Neutral-Current (NC) Interaction is a natural prediction of the 
Standard Model of Particle Physics

 Fermi (1934) beta decay theory is the type of Charged-Current.

 The first idea (1937) of NC weak interaction was proposed by 
Gamow and Teller, Kemmer, and Wentzel.



5

Neutral Current Interactions in SM

 CC interaction is mediated by SU(2) Massive Gauge Boson W+/-

 In 1958, Sidney Bludman suggested that there might be another 
arm of the weak force, the so-called "weak neutral current," 
mediated by an uncharged partner of the W bosons.

 The neutral Z boson was introduced by Glashow in 1961 in order 
to extend from SU(2) to SU(2)xU(1)

 Finally the gauge structure of SM was kept in Weinberg’s SM in 
1967 
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Discovery of NC Interaction in 1973

 Alternating neutral currents (忽隐忽现的中性流)

 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: 

 Long history of Fermi results 
(published in 1974) led by Carlo 
Rubbia.

 Rubbia discovered W&Z at CERN 
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?
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First direct detection in 2017 
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Part B: Fundamentals
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Coherent Elastic Neutrino-Nucleus Scattering
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The CEνNS Cross Section
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The CEνNS Cross Section
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The CEνNS kinematics 
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(1) the only experimental signature: nuclear recoils

(2) tiny nuclear recoil energies

Why difficult?
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Why Coherent ?
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Why coherent?

Z-exchange of a neutrino with

nucleus

 Neutrino wavelength larger

than size of nucleus: QR<<1

 Nucleon wave-functions in 

the target nucleus are in phase

with each other: 

nucleus recoils as a whole

 So the cross section should 

be proportional to A2

 Enhanced cross section for 

heavy nuclei

Coherence hold up to ~ 50 MeV
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Why Coherent ?
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Where is the incoherence part?

Taken from Bednyakov, Naumov, arXiv:1806.08768
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Neutron Form Factor
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Neutron Form Factor
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Nuclear Proton and Neutron Distributions
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Part C: First Observation at SNS
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Natural sources of low-energy neutrinos
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Artificial sources of low-energy neutrinos
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Exp. Program worldwide

From M. Vivier summary talk @Mag7s(2020)
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Reactor vs stopped-pion for CEvNS
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Low-energy nuclear recoil detection strategies

Scholberg@INSS2021
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Detection of artificial sources

Scholberg@INSS2021
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Stopped-Pion (πDAR) Neutrinos
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Stopped-Pion Neutrino Spectrum
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Stopped-Pion Neutrino Source Worldwide
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Stopped-Pion Neutrino Source Worldwide
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Spallation neutron source at ORNL
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Time structure of the SNS source
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The COHERENT experiment
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Signals
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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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Backgrounds

Scholberg@INSS2021
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Backgrounds
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First observation of CEvNS at CsI (2017)
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Comparison with SM (6.7sigma)
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New observation with CsI (2020)

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

From M. Vivier summary talk @Mag7s(2020)



47

Single-Phase Liquid Argon
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COHERENT 2020: Argon (Ar)
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Near Future-I

Scholberg@INSS2021
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Near Future-II 

Scholberg@INSS2021
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Near Future-III 

Scholberg@INSS2021
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Near Future-IV 

Scholberg@INSS2021
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What is for tomorrow?
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What is for tomorrow?

E. Lisi@Neutrino 2018
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Backup
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 How to detect the CEνNS process:

 We need an intensive source and a sensitive detector.

 Natural sources versus Man-Made sources:

(a) Solar neutrinos, atmospheric neutrinos, supernova neutrinos
(b) Reactor neutrinos, accelerator neutrinos

 Sensitive detectors: 

(a) Thanks to thirty years developments of dark matter detection 
techniques, we are approaching to the low threshold frontier of the 
keV level.

Promising prospective for the CEνNS detection !

How to detect this process?
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CEνNS Experiments at Reactors
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Implications: overview

 What can we do using the new CEνNS measurements:

 Testing the coherency 

 Neutron radius measurements

 Testing properties of neutrino interactions

Nonstandard interactions, 
Neutrino electromagnetic properties

 New physics at low threshold frontiers, 

Z prime, 1708.04255, 1803.01224, 1812.04067, 1903.10666, etc.

scalar mediator, 1802.05171, 1804.03660, etc.

dark photon, 1710.10889, 1906.10745, etc.

Neutrino floor, 1710.10889, 1809.06385, 1904.11214 etc.
and many other aspects
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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 is 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.

(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). 

Why study the neutron radius?
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Nuclear Form Factors

 Form factor describes the interaction of extended objects beyond the 
point-like particles.

 Taking the charge distribution (Coulomb scattering) as an example:

 Here for weak interaction of protons and neutrons:

 How to obtain the form of form factors:

a) calculated with nuclear structure models arXiv:1502.02928

b) using analytical expressions with effective parameters

c) directly taken from experimental data
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Nuclear Form Factors

 Analytical expressions of form factors:

a) symmetrized Fermi form factor Phys. Rev. C94, 034316 (2016)

b) Helm form factor Phys. Rev. 104, 1466 (1956)

c) Klein-Nystrand form factor Phys. Rev. C60, 014903 (1999)

 We choose the Helm form factor: 

Helm form factor:

Obtained from a 
convolution of a 
sphere with constant 
density with radius 
R0 and a Gaussian 
density with 
standard deviation s.


