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Leading actor I
◦ Full CE𝜈NS dataset with 14.6 kg CsI scintillating crystal and neutrinos 

from 𝜋DAR

◦ 306 ± 20 CE𝝂NS events: 11.6σ significance

◦ To be compared with prediction: 333±11(th)±42(ex) events

ü Result is consistent with SM prediction at 1σ
ü Double exposure wrt 2017 and updated quenching factor model
ü Flux uncertainty now dominates the systematic uncertainty.
ü Overall systematic uncertainty reduced: 28% →13%

COHERENT, PRL 129, 081801 (2022)
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Leading actor II
◦ 2020 first results using Ar, aka CENNS-10. 

◦ Active mass of 24 kg of atmospheric argon

◦ Single phase only (scintillation), thr. ~20 keVnr
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COHERENT, PRL 126, 012002 (2021)

ü Two independent analyses observed a more than 3𝜎 excess over 
background

ü Still collecting data, more precise results expected soon.

The form factor unity assumption is 
compared to the Klein-Nystrand

value that is used for this analysis 
with the green band representing a

±3% variation on the neutron radius.

Verify the expected neutron-number 
dependence of cross-section



Leading actor III

◦ 96.4 day (Rx-ON) exposure of a 3 kg ultra-low noise 

germanium detector (NCC-1701)

◦ 10.39 m away from the Dresden-II boiling water reactor 

(P=2.96Gwth)

◦ Low energy threshold: 0.2 keVee

◦ 25 days of reactor off (Rx-OFF)

◦ The background comes from the elastic scattering of
epithermal neutrons and the electron capture in 71Ge

◦ Strong preference (p<1.2x10-3) for the presence of CE𝜈NS 
is found, when compared to a background-only model.
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Colaresi et al, PRL 129, 211802 (2022)

71Ge M-shell EC 
contribution
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The electron-equivalent recoil energy 𝑇!, observed in the detector, is transformed into the nuclear recoil energy 𝑇"# in the CEνNS 
rate by inverting the relation

Germanium quenching factor

Quenching factor

For germanium, for consistency with the Dresden-data we consider two 
models based on experimental measurements taken from 

Ø from photo-neutron source measurements  (YBe)

Ø from iron-filtered monochromatic neutrons, (Fef), that consists in a 
simple linear fit of the four data points for  𝑇"# ≤1.35 keV and is extended 
above this range with the standard Lindhard model with k = 0.157.

Collar et al, PRD 103, 122003 (2021)

Lindhard et al, Notes on atomic collisions (1963)

PRL 129, 211802 (2022)

Very debated within the community: see W. Maneshg  talk on “Recent 
results from the CONUS experiment”. CONUS data are compatible with 
the Lindhard theory with a parameter k of 0.162 ± 0.004 (stat+sys).

CONUS Coll., Eur. Phys. J. C 82, 815 (2022)Tension with Dresden-II results. 
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PROSCONS

◦ Antineutrinos @nuclear power 
reactors: larger background 
without pulsed source, less 
significant CEvNS signal.

◦ Lower neutrino energy in 
combination with low en. 
thresholds: no information 
available on Rn. 

◦ Results very sensitive to the 
Germanium quenching factor 
parametrization used. 

◦ Absence of muon neutrinos: 
some BSM theories/parameters 
can not be studied.

◦ Antineutrinos @nuclear power 
reactors: continous and well-
localized source, intense fluxes, 

low energy.

◦ Lower neutrino energy in 
combination with low en. 
thresholds: negligible 
dependence on Rn (robust limits)

◦ Provide a weak mixing angle 

measurement at lower energies 
independent from Rn.

◦ Dependence on 1/𝑇!of some new 
physics scenarios allows us to 
put more stringent limits (e.g.
neutrino magnetic moment)

Why 
including 

Dresden-II
(reactor)

data?

Needs to clarify 
measurements at low 
energies. 
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◦ 𝜈-electron elastic scattering (ES) is a concurrent process to CEvNS

◦ In the SM, its contribution to the total event rate is small and can be neglected

◦ In certain BSM scenarios the ES contribution increases significantly

ELASTIC 𝜈 −ELECTRON SCATTERING

Allows us to achieve stronger constraints !

𝑑𝜎#$ 𝐸% , 𝑇&
𝑑𝑇&

= 𝑍&''( (𝑇&)
𝐺)* 𝑚&

2𝜋 (𝑔+
%!+𝑔(

%!)* + (𝑔+
%!−𝑔(

%!)*(1 −
𝑇&
𝐸%

)* − ((𝑔+
%!)* − (𝑔(

%!)*)
𝑚&𝑇&
𝐸%*

Neutrino energy

Electron recoil energy

Mass of the electron SM neutrino 
electron coupling

The interaction is not with free electrons but atomic electrons!
Quantifies the number of electrons that can be ionized by a 
certain energy deposit 𝑻𝒆.

Ø The 𝑍!%%& (𝑇!) term is needed to correct the cross section derived under the Free Electron Approximation (FEA) hypothesis, 
where electrons are considered to be free and at rest (would just scale as Z).

Ø Alternative ab-initio approach: multi-configuration relativistic random phase approximation (MCRRPA) able to improve 
the description of the atomic many-body effects

Ø We do not include such contribution for Ar, where  the f90 parameter removes electron recoils due to ES
PRA 25 (1982) 634

+ radiative corrections



NEUTRINO CHARGE 
RADII
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◦ In the SM, the neutrino charge radii (CR) are the only electromagnetic properties of neutrinos that are different from zero.

◦ The contribution of the SM neutrino CR is taken into account as one of the radiative corrections to 𝑔'
((𝜈ℓ)

◦ In the SM CR are diagonal in the flavour basis, but in BSM also off-diagonal (transition) CR can be generated. 

Neutrino charge radius - theory

CE𝝂NS:

𝜈-proton coupling without the contribution of the SM CR

with Effective shift of the weak mixing angle

ES:

Current best limits: accelerator 𝜈!/+ − 𝑒 scattering. TEXONO−4.2 < 𝑟,!
- < 6.6 10./-cm- , BNL-E734−5.7 < 𝑟,"

- < 1.1 10./-cm- @90% CL 
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◦ The CsI + Ar COHERENT combination is vastly dominated by CsI.

◦ Dresden-II and CsI datasets contribute with roughly same precision.

◦ HMVE, HMK, EFK different flux parametrization: practically independent, highly sensistive to the QF used. 

Neutrino charge radius - results
Assuming the presence of transition CR, DRESDEN-II can measure 𝒓𝝂𝒆𝒆

𝟐 , 𝒓𝝂𝒆𝝁
𝟐 , 𝒓𝝂𝒆𝝉

𝟐 COHERENT also 𝒓𝝂𝝁𝝉
𝟐 , 𝒓𝝂𝝁𝝁
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◦ When using the Fef QF we set a better upper bound with respect to that set by TEXONO (6.6×10./-cm-)

◦ No effect is found due to ES on the neutrino CR, thus the results are independent of its inclusion

Neutrino charge radius - results
Assuming the absence of transition CR: 

−𝟕. 𝟏 < 𝒓𝝂𝒆
𝟐 < 𝟓 𝟏𝟎.𝟑𝟐𝐜𝐦𝟐 COHERENT + DRESDEN-II @ 90% CL

CsI+Ar
CsI+Ar+DII (Ybe)
CsI+Ar+DII (Fef)
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◦ Predicted to be null for massless neutrinos.

◦ In mininal SM extensions in which neutrinos acquires Dirac masses through right-handed neutrinos the MM is given by

◦ Many BSM theories predict a MM larger than this. It adds incoherently  to the cross-section:

Neutrino magnetic moment- theory

CE𝝂NS:

ES:

Dependence on 1/T makes Dresden-II 
data really sensitive to it.

Best limits @time of the paper: 𝜇,! < 0.29 × 10.34𝜇5 GEMMA @ 90% CL (reactor 𝜈̅-e scattering) – also TEXONO and CONUS (CEvNS).                                                              

𝜇," < 6.8 × 10.34𝜇5 LSND @ 90% CL (accelerator 𝜈!-e scattering).

COHERENT allows to measure 𝜇,! , 𝑎𝑛𝑑 𝜇," .Dresden-II allows to measure only 𝜇,! . 

C. Giunti and A. Studenikin
Rev.Mod.Phys. 87 (2015) 531

End of 2022: new best limits using solar 𝜈ES in LZ and XENONnT, see N. Cargioli talk on “The role of the elastic neutrino-
electron scattering in constraining the neutrino magnetic moment and millicharge using the LUX-ZEPLIN data”.                        
𝜇, < 6.4 × 10.3-𝜇5 [XENONnT] PRL 129, 161805 (2022)
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◦ Not shown in the plot, LZ and XENONnT limits.

◦ Dresden-II data allow us to reduce the bound on 𝜇,! with respect to COHERENT by more than one order of magnitude.

◦ QF makes a factor of two difference, Fef being more precise than YBe

◦ The inclusion of ES results in a marginal improvement of the Dresden-II limits of about 10%.

Neutrino 
magnetic 
moment 

results
𝜇#6 < 2.13 × 10$%&𝜇'

Dresden-II (Ce𝜈NS+ES)
@90% CL

𝜇#7 < 18 × 10$%&𝜇'
CsI (Ce𝜈NS+ES)+Ar (Ce𝜈NS+ES)

@90% CL
A

r

C
sI

C
sI

+
A

r

A
r 

(C
EvN

S)

C
sI

+A
r 

(C
E

vN
S+

E
S)

C
sI

 (C
E

vN
S)

COHERENT only!

D
re

sd
en

-I
I 

C
E

v
N

S+
E

S 
(Y

b
e)

D
re

sd
en

-I
I 

C
E

v
N

S+
E

S 
(F

ef
)

G
E

M
M

A



NEUTRINO 
ELECTRIC 
CHARGE

17



18

Even if neutrinos are considered as neutral particles, in some BSM theories they can acquire small electric charges (EC), 
sometimes called millicharges

Neutrino electric charge - theory

CE𝝂NS:

with Helps to set more stringent limits 
with reactor experiments (low 𝑞-
and low en. threshold) and with Ar 
vs CsI (smaller Ar mass).

ES:

Best limits @time of the paper: 𝑞,!!by GEMMA (reactor 𝜈̅-e scattering) and TEXONO (accelerator 𝜈!-e scattering)+CONUS.
𝑞,"" by XMASS-I (solar 𝜈-e scattering) and LSND (accelerator 𝜈!-e scattering).

COHERENT allows to measure 𝑞,"" , 𝑞,"& , 𝑞,!! , 𝑞,!" , 𝑞,!& .Dresden-II allows to measure the last 3. 

Dependence on 1/𝑇!- makes ES data really sensitive to it.

End of 2022: new best limits using solar 𝜈ES in LZ, see N. Cargioli talk on “The role of the elastic neutrino-electron scattering in 
constraining the neutrino magnetic moment and millicharge using the LUX-ZEPLIN data” PRD 107, 053001 (2023)



NEUTRINO 
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Ø Despite having more CsI statistics, 
the low Ar mass permits to achieve 
stronger constraints with Ar

Ø Due to the low q2, DRESDEN-II data 
improves COHERENT limits by 
more than 2 orders of magnitude. 

Ø The contribution of the Electron 
Scattering (ES) improves 
COHERENT and DRESDEN-II limits 
by more than 2 orders of magnitude

Combination completely 
dominated by DRESDEN-II 

CEvNS + ES: −9.3 < 𝑞%""< 9.5 [10,-*𝑒]

Ø Not shown in the plot: 𝑞,!! < 1.5 ×10.3/𝑒 [LZ];
Ø The latter has been obtained using Equivalent Photon Approximation (EPA) approach 

(similar to RRPA for EC) that provides a larger cross-section expecially   at sub-keV 
energies wrt FEA;

Ø Our result can be considered as conservative.
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Also in this case the contribution of Dresden-II + ES dominates. 

Neutrino electric charge - results
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◦ Competitive results on 𝑞,"" wrt  XMASS and better than LSND

◦ Not shown in the plot: 𝑞,"" < 3.1 ×10.3/𝑒 [LZ];

Neutrino electric charge - results

PLB 809 (2020) 135741 PRD 63 (2001) 112001

COHERENT only! COHERENT only!

◦ Only existing laboratory bound. 
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Conclusions
◦ COHERENT and Dresden-II (reactor) data shows 

good complementarity in constraining neutrino 
properties

◦ Concerning Dresden-II the impact of the various 
𝜈 fluxes is negligible, while the QF results in large 
differences (not even considering the Lindhard 
model): necessity to further discuss the QF  at 
low energy for germanium.

◦ Impact of elastic neutrino-electron scattering
allows us to tighten significantly the bounds on 𝜈
magnetic moment and millicharge.

◦ Competitive limits on the 𝝂millicharge and 
charge radii.

◦ CEνNS process prove to be once again a 
spectacular window to test many and diverse 

sector with very competitive precision. 
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Neutrino energy

Nuclear recoil energy

Mass of the nucleus

SM vector 
neutron 
coupling

Proton Form 
Factor

Neutron Form 
Factor

Weinberg angle

SM vector 
proton 

coupling

𝑑𝜎!"#$% 𝐸#, 𝑇&'
𝑑𝑇&'

≅
𝐺() 𝑚$
𝜋

1 −
𝑚$𝑇&'
2𝐸#)

𝒈𝑽
𝒑 𝐬𝐢𝐧𝟐 𝝑𝑾 𝑍𝑭𝒁 𝒒 𝟐 + 𝒈𝑽𝒏𝑁𝑭𝑵 𝒒 𝟐 2

𝑔+
. 𝜈& = 0.0382

𝑔+
. 𝜈/ = 0.0300

𝑔+0 = −0.5117*

* when taking into account radiative corrections, see JHEP 09 (2022) 164

WHAT CAN WE LEARN FROM CE𝜈NS?
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Neutrino energy

Nuclear recoil energy

Mass of the nucleus

SM vector 
neutron 
coupling

Neutron Form 
Factor

Weinberg angle

SM vector 
proton 

coupling

DE%&'() F',!12
D!12

≅ G*
+H(
I

1 − H(!12
JF'+

𝒈𝑽
𝒑 𝐬𝐢𝐧𝟐 𝝑𝑾 𝑍𝑭𝒁 𝒒 𝟐 + 𝒈𝑽𝒏𝑁𝑭𝑵 𝒒 𝟐 2+…

Nuclear physics

WHAT CAN WE LEARN FROM CE𝜈NS?

New 𝝂interaction

EW 
precision

𝝂 EM 
properties

Proton Form 
Factor

See M. Cadeddu and D. Papoulias’ talks 

See M. Atzori-Corona , V. De 
Romeri and A. Majumdar talks

In this talk!

See also N. Cargioli and 
D. Papoulias’ talks 
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The Zeff term

A. Thompson et al., X-ray data booklet, https://xdb.lbl.gov/, Lawrence Berkeley National Laboratory, U.S.A. (2009)

Specific for each atom, obtained using edge energies from photo-absorption data.
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The antineutrino flux
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The charge radii summary
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EPA, FEA, and RPPA comparison for MM
RRPA: Relativistic Random-Phase Approximation, ab-initio approach able to improve the description of
the atomic many-body effects
EPA: Equivalent Photon Approximation, relates the ionization cross section to the photo-absorption one

Taken from N. Cargioli
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EPA, FEA, and RPPA comparison for EC

Taken from N. Cargioli

RRPA: Relativistic Random-Phase Approximation, ab-initio approach able to improve the description of
the atomic many-body effects
EPA: Equivalent Photon Approximation, relates the ionization cross section to the photo-absorption one
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Germanium quenching factor


