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Introduction to CEνNS
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Coherent Elastic 𝜈-Nucleus Scattering

CEvNS

𝐸#

𝑁
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𝑞 = 2𝑀𝐸# ≲ 1/𝑅Moment transfer Nuclear radius

Nuclear recoil energy 𝐸# ≤
./01

23./0
~𝑂(10) keVSatisfied for 𝐸9 < 50 MeV,

1708.01294

𝜎@A ∝ 𝑁.

SM weak charge:

~0.03



From neutrino to DM
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COHERENT
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COHERENT Collaboration, Science [1708.01294]

134 ± 22 observed 

6.7σ CL evidence for CEνNS 

173 ± 48 predicted in SM



Global efforts
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Modified from Matthieu VIVIER@Magnificent CEvNS workshop 2020

CloverS,
CICENNS

Taishan CEvNS

RELICS,
RECODE



Current data
v𝜋DAR source @ SNS 

CEvNS

vReactor neutrino source

COHERENT first observed CE𝜈NS in 2017 
at the 6.7σ CL with a CsI detector

COHERENT, Science 357,1123 (2017) 

Later confirmed in 2020 at more than 
3σ CL with LAr detector 

COHERENT, PRL 126, 012002 (2021) 
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CONNIE uses a Si detector with 0.1 keVMMthreshold
CONNIE, PRD 100, 092005 (2019) 

CONUS uses a Ge detector with 0.3 keVMM threshold
CONNIE, PRL 126, 041804 (2021) 

Dresden-II uses a Ge detector with 0.2 keVMM threshold 
Colaresi at al. , PRL 129, 211802 (2022)
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𝞶GeN uses a Ge detector with 0.3 keVMM threshold
𝞶GeN, PRD 106, L051101 (2022) 



Physics potential
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Ø EW precision tests: weak mixing 
angle, electroweak charges;

Ø New physics: neutrino magnetic 
moment, charge radius, sterile neutrinos, 
light DM;

Ø New interactions: nonstandard 
interactions, light mediators, generalized 
interactions;

Ø Nuclear Physics: neutron radius, 
quenching factor, reactor neutrino flux;

Ø Astroparticle physics: supernova, 

solar, atmospheric neutrinos, DSNB, …
E. Lisi, Neutrino 2018
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Cadeddu, Giunti, Li, Zhang PRL[1710.02730]JL, Marfatia, PLB [1708.04255]
Coloma, et.al.,  PRD [1708.02899 ]

Nonstandard interactions Light mediators Neutron radius 

Photon Portal DM

Ge, Shoemaker, PRD [1710.10889 ]

Nuclear form factor

Aristizabal, JL, Marfatia, JHEP [1902.07398 ] Li, JL, JHEP [2008.00743]

Loop corrections



Test of neutrino mass models
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The most general anomaly-free U(1)’ model satisfy

with

To avoid FCNC in the quark sector 

Frampton, Glashow, Marfatia, 
PLB[0201008]; Xing, PLB[0201151]; 
Fritzsch, Xing, Zhou, JHEP [1108.4543]

Kownacki,  Ma, Pollard, Zakeri, PLB[1611.05017] ]
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Take 𝐵 − 𝐿M − 3𝐿K + 𝐿S for example

choose

Felkl, Li, JL, Schmidt, JHEP [2306.09569](𝐵T)

Araki, Heeck and Kubo, JHEP [1203.4951];  
JL, Marfatia, Whisnant, PRD [1306.4659]



Quenching factor measurement
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CE𝜈NS spectrum
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• Measured number of events:

Quenching factor (QF):

Only a small portion of nuclear recoiling energy 𝐸U will go into 
electronic ionization energy 𝐸V , which is measured. 

• Differential cross section

• Event spectrum



Modified quenching factor
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JL, Liu, Marfatia, PRD [2104.01811]

Lindhard model

• A larger k value leads to a 
larger fraction of total 
energy going into electron. 

• A positive q value allows a 
sharp cutoff in the energy 
given to electrons. 

• A negative q value allows an 
enhancement in the energy 
given to electrons. 

Sorensen, PRD [1412.3028]

Lindhard

Collar, et al, PRD [2102.10089]
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Ø Both the light Zʹ and scalar cases with the standard Lindhard QF can fit the SM 
spectrum with the modified Lindhard QF.

Ø This will lead to confusion in determining the nature of new physics. 

Mimic the signal of new physics

JL, Liu, Marfatia, PRD [2104.01811]



Indirect measurement of QF
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Ø A negative value of q is preferred 
by the Dresden data at 2.5σ in SM.

Ø This best-fit point is consistent 
with direct QF measurements 
using neutron source. 

JL, Liu, Marfatia, PRD [2202.10622]

Dresden-II
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Ø Left panel assuming the standard Lindhard QF is valid. A mild preference for 
the new physics if the Lindhard QF is assumed.

Ø Right panel marginalizing over the (k,q) of the modified Lindhard QF. 
Constraints are qualitatively affected by the QF model.

Constraints on new physics 

JL, Liu, Marfatia, PRD [2202.10622]



Low energy reactor neutrino flux
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Reactor neutrino flux

CEvNS

TEXONO, hep-ex/0605006
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𝐸WX = 1.8 MeV

Inverse beta decay

Suffers from unknown branching ratios 
due to the Pandemonium effect. 



NUCLEUS experiment 
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Ø NUCLEUS uses cryogenic
detectors and has achieved a 
20 eV threshold using a 0.5 g 
prototype made from Al2O3. 

Ø A total 10 g mass of CaWO4 and 
Al2O3 crystals, and 1 kg of Ge is 
planned.

Ø NUCLEUS-1kg is expected to  
have a background below 100 
ckkd and an ultra low energy 
threshold of 5 eV. 

EPJC 77, 506 (2017) [1704.04320]

EPJC 79, 1018 (2019) [1905.10258]

JL, Liu, Marfatia, PRD[2302.10460]



Normal unfolding
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CEνNS spectrum: 

Neutrino flux: 

Minimize:

Response matrix 

Statistical fluctuations in observed spectrum 

JL, Liu, Marfatia, PRD[2302.10460]



Regularized unfolding

CEvNS

Bias: 

v The neutrino flux is obtained by minimizing the regularized function φ
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Covariance matrix:

Estimated neutrino flux: 

Estimated CEvNS spectrum: 

Tikhonov regularization: 



β selection criterion

CEvNS

Ø Consistent with the strategy for 
selecting β that lowers β until B ∼ m 

Ø A large β suppresses the variance, 
but allows an increased bias. 

Ø The physical criterion: we choose the 
smallest value of β that yields a 
positive definite flux at all energies.

Ø Average bias Z𝐵 plateaus at a value 
that is not much larger than the 
number of bins m.
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JL, Liu, Marfatia, PRD[2302.10460]



Simulation results

CEvNS

Ø For scenario 3, β=20 can separate the 
neutron capture component, but the 
physical criterion allows a smaller β, 
and the uncertainty bands will have 
considerable overlap. 
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Ø For scenario 1 and 2, a meaningful 
upper bound can be placed on the low 
energy flux.

JL, Liu, Marfatia, PRD[2302.10460]



Sensitivities at CICENNS
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CICENNS
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COHERENT CICENNS

Detector mass 14.6 kg 300 kg

Detector distance 19.3 m 10.5m

Neutrino flux 
(𝑐𝑚\.𝑠\^)

4.7×10` 2.0×10`

Events per year 306 ~2500

Guangzhou
SYSU

Shenzhen

Hong Kong

Also see Xiao’s talks



SM measurements
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• Current uncertainty of the measured CEvNS cross section  is ~16% while 
that of the SM prediction is 4.8%. 

• The 300 kg CICENNS detector will reduce the uncertainty to roughly 6.5%.



New physics
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Summary
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Ø CEvNS can be used as a new tool to probe the neutrino and nuclear
physics at the low energy region. 

Ø CEvNS can provide as an independent measurement of the quenching 
factor that is not well understood at the ultra-low energy threshold.

Ø A CEνNS experiment with a O(10) eV threshold has the potential to 
detect the low energy reactor neutrino flux below IBD threshold. 

Ø A 300kg CICENNS detector will be built at CSNS to do a precision 
measurement of CEvNS.

Thanks!


