
Yu-Feng Li ( ♇ṣ)

Ѧᶁ Ḙ ◓Ᵽֿכ Ứ

Ѧᶁ Ḙ ᶼḘ◓ⱣḘ

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
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Part D: Detection at Reactors
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Comparison with SM (6.7sigma)
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New observation with CsI (2020)

From M. Vivier summary talk @Mag7s(2020)
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Stopped -pion vs reactor neutrino sources
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CONUS
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CONUS
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CONNIE
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CONNIE
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Start physics run
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Bolometric detectors
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NUCLEUS
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Other proposals
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Part E: Detection at DM exps .
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Detection of Natural sources
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Neutrino Floor
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Neutrino events at Xe DM exps .

(1) Solar neutrinos dominate at low energies; while atmospheric 
neutrinos (DSNB) dominate at high energies.

How to convert the neutrino event spectra to the neutrino floor? 
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Neutrino Floor - II

First, calculate the exposure required to generate n counts of FHơQV
for a given minimum energy threshold. Second, compute the spin -
independent WIMP -nucleon cross section for a fixed DM mass with 
the master formula σ
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Neutrino Floor Uncertainty 



21

XENON -1T B8 neutrino search

(1) Energy threshold decreased from 
2.6 keV to 1.6 keV

(2) Light yield & B8 flux normalization 
degenerated

(3) SSM flux : ~5X10 6 
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Summary of CEvNS searches
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Part F: Implications
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E. Lisi@Neutrino 2018
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Test of Coherency condition

(1) Full coherence Ą F(proton) = F(neutron) =1.

(2) COHERENT data show 3.7 sigma evidence of the nuclear 
structure suppression of the full coherence

PRL 120 (2018) 072501

Cadeddu, Giunti, YFL*, Zhang

and 1908.06045



27

Nuclear structure

From summary talk @Mag7s(2020)
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Proton Distributions of Cs & I 
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Neutron Distributions of Cs & I 
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What about Argon?

From summary talk @Mag7s(2020)
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ü Neutron form factor is the Fourier transform of the neutron 
distribution

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

ü neutron skin Ą the nuclear Equation of State ( EOS)Ą neutron star 
radius

2102.06153

Neutron Distributions of Cs & I 
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Future prospects

Phys.Rev.Lett. 120 (2018) 072501

4% precision@ESS, 2006.08624

ü DAR neutrino source: ~4% precision

ü Still not good enough for the neutron 
skin

ü Low energy beta beam: 
gamma=20, 6He 
10 12 injected ions
hundreds kg detector x 5 years

Towards 5 -sigma measurement of the skin

Preliminary results

1% precision@beta beam, in prep.
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EW precision tests: weak mixing angle

New CsI data

Radiative corrections to be included

2005.01645

Old CsI data
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BSM Neutrino Interactions with CEvNS
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Neutrino Electromagnetic Interactions
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Electromagnetic Vertex Function
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Neutrino Charge Radius
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Neutrino Charge Radius
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COHERENT constraints on neutrino charge radii
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Neutrino Magnetic and Electric Moments
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Neutrino Electron Scattering
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Experimental Bounds
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CEvNS
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COHERENT constraints on ơmagnetic moments
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Physics reaches@Reactors

100 kg ¦ year 1 keV v.s. 10 eV

Particle physics probe@low energies (from 
PhD thesis of Y.Y. Zhang)

üWeak mixing angle: at the level of 1%

ü M agnetic moments: 10 -10~10 -12 : Threshold

ü Probe for other new ơinteractions
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Physics reaches@Reactors

Detector: Skipper CCD

Keys: energy threshold, 

quenching
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Reactor monitoring with CEơNS 

Monitoring Pu239 production@reactors : (2% fission fraction/month)

üWith 200 kg x 4GW@30 m

ü Best performance with (light) Argon detector

ü@1 keV : 2.5 month for 3 -sigma, 6 month for 5-sigma
ü@500 eV : 1 month for 3 -sigma, 2 month for 5 -sigma 

From BA thesis 
of XH He
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Solar neutrinos

1901.08876

ü 1 keV threshold NR (ER) will enable a collection around 500-1000 (several) 

events per ton*year

ü A better than SNO neutral current measurement (1%) is achievable

ü Test standard solar model

ü 400 pp events per ton*year Ą ~1% flux accuracy to test luminosity and th(12)

Xe with CEɜNS Xe with electron scattering
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Supernova neutrinos

Three ways of supernova neutrino observation using NC interactions

ü At JUNO: neutrino -proton scattering (~2000 evts @10 kpc )

ü At Dark M atter experiments: 1606.09243

ü Neutrino observatory based on archaeological lead: 2004.06936
The RES-NOVA project
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What is for future?
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What is for future?
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What is for tomorrow?
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Backup
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ü How to detect the CE ơNS process:

ü We need an intensive source and a sensitive detector.

ü Natural sources versus Man -Made sources:

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

ü 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 CEơNS detection !

How to detect this process?
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CEơNS Experiments at Reactors


