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• Coherent elastic neutrino-nucleus 
scattering (CE𝜈NS): a neutrino scatters off 
a nucleus via the exchange of a Z boson, 
and the nucleus recoils as a whole 
(coherently)

𝝂𝜶 + 𝑨, 𝒁 → 𝝂𝜶 + 𝑨, 𝒁
• Coherency condition: 𝑞 ) 𝑅 ≪ 1

• Predicted in 1974 by Freedman
• Observed for the first time in 2017 by the 

COHERENT Collaboration
• Very challenging to detect due to tiny

nuclear recoils
• Low-Energy Regime (𝐸"~few tens MeV)
• Large cross section (σ ∝ 𝑵𝟐)

!"𝜈#$%&'()*++
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Deep Inelastic 
Scattering

Coherent elastic 
neutrino-nucleus 
scattering

Interactions with 
nucleons inside 

nuclei, 
often disruptive, 
hadroproduction

keV MeV GeV TeV PeV

Interactions 
with nuclei and 

electrons, 
minimally 

disruptive of 
the nucleus
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The COHERENT 
energy and time 

information allow us 
to distinguish the 

interactions of 𝜈! , 𝜈"
and 𝜈"

COHERENT neutrinos spectra, both energy and 
arrival time informations

!,-"."#/%*0&*'12*34

Spallation neutron source: 
neutrinos produced from the 

decay of pions/muons

delayedprompt

An appropriate source of 
neutrinos is needed: high flux, well

understood (low uncertainties), 
pulsed for background rejection, 

multiple flavors, etc.
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• COHERENT has observed for the first time CE𝜈NS  with a 14.6 kg CsI scintillating crystal
(D. Akimov et al. Science 357.6356 (2017) )

• New observation in 2020 with 24 kg LAr detector (upgrade to 750 kg), with >3σ CEvNS
detection significance

!,-"."#/%*0&*'12*34

• In 2020 the COHERENT Collaboration presented the updated
results on the CsI detector:

• Increased statistics. More than 2x!

• 2D Likelihood fit in numbers of photoelectrons and 
reconstructed time

• Result consistent with SM prediction at 1σ

• Flux uncertainty now dominates the systematic

• Overall systematic uncertainty reduced: 28%→13%
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Pershey, talk @Magnificent CE𝜈NS ‘20

|𝑭 𝑬𝒓 |
𝟐 < 𝟏

|𝑭 𝑬𝒓 |
𝟐 ≡ 𝟏 Observed cross 

section consistent
with the 𝑁%

dependence
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• Let’s go back to the cross section we used in our analysis, where we distinguished the 
contribution of the proton and neutron form factors

!"𝜈#$%)'(++%+*)41(3

Neutrino energy

Nuclear recoil energy

Mass of the nucleus
SM vector neutron 

coupling

Proton Form 
Factor

Neutron Form 
Factor

Weinberg 
or weak mixing 

angle

SM vector proton 
coupling

dσ!"#$% E#, E&
dE&

≅
G'( m$

π 1 −
m$E&
2E#(

𝐠𝐕
𝐩 𝐬𝐢𝐧𝟐 𝛝𝐖 Z 𝐅𝐙 𝐪 𝟐 + 𝐠𝐕𝐧 N 𝐅𝐍 𝐪 𝟐

(

New 𝝂
interactions

Nuclear 

physics

EW 
precision

New 𝝂
properties

10.1007/JHEP01(2021)116 10.1103/PhysRevD.102.015030

10.1103/PhysRevD.101.033004

10.1103/PhysRevD.98.113010

10.1103/PhysRevD.99.033010

10.1103/PhysRevLett.120.072501
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#5)6*7'%$4'5)45'*
• The nuclear form factor, F(q), represents the 

Fourier transform of a spherically symmetric
ground state mass distribution (both protons
and neutrons) normalized so that F(0)=1

• For a weak interaction like for CE𝜈NS you deal 
with the weak form factor: the Fourier 
transform of the weak charge distribution
(neutron + proton distribution weighted by 
the weak mixing angle)

• Most of the information we have on the 
nuclear size and nucleon’s distribution inside 
the nuclei are related to the electric charge, 
and thus to the protons (informations
extracted using electron-nuclei scattering
data and muonic x-ray spectroscopy)

dσ
dE!

≅
G"# m$
4π 1 −

m$E!
2E%#

Q&# |F&'() E! |#

𝑔7
8𝑍𝐹9 𝐸: + 𝑔7;𝑁𝐹< 𝐸:

=

Weak charge × weak form factor

Proton    + Neutron from factor

Payne et al. Phys. Rev. C 100, 061304 (2019)

Muonic X-ray spectroscopyElectron scattering
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#5)6*7'%$4'5)45'*

From muonic X-rays data we have (for t fixed to 2.3 fm) 𝑅0123 = 4.804 fm   (Cesium charge rms radius )
𝑅014 = 4.749 fm (Iodine charge rms radius )

𝑅$%& = 4.821 ± 0.005 fm  (Cesium rms proton radius)
𝑅$' = 4.766 ± 0.008 fm  (Iodine rms-proton radius)

𝑅9:;< = 𝑅=>? −
𝑁
𝑍
⟨ ⟩𝑟@? +

3
4𝑀? + ⟨ ⟩𝑟? AB

*+
*,C

≅ -D
E.F
/0

1 − .F,C
#,GE

𝑔1
2𝑍𝐹3 𝐸4, 𝑅2

56/8 + 𝑔19𝑁𝐹: 𝐸4, 𝑅9568 2

𝑅$
%&/' are very well known, so we fitted COHERENT CsI data looking for 𝑅)%&' …

G. Fricke et al., Atom. Data Nucl. Data Tabl. 60, 177 (1995) 



8

#5)6*7'%$4'5)45'*
Since it is expected that also the 
neutron structures of Cs and I are 
similar and the current
uncertainties of the COHERENT 
data do not allow to distinguish
between them, we consider

In order to get information on the neutron distribution of the 
CsI system we considered the following parametrizations of 
the neutron form factor

1. Two-parameters Fermi form factor

We considered the same value of t=2.30 fm as for the proton
form factor

2. Helm form factor

s is similar to the surface thickness. We considered the value
s=0.9 fm which was determined for the proton form factor of 
similar nuclei.

Neutron rms radius

Neutron rms radius
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#5)6*7'%$4'5)45'*
With COHERENT new data and the new quenching factor, our fit of the average CsI neutron
radius gives

𝑅HIJK = 5.55 ± 0.44 fm

∆𝑅92568= 0.76 ± 0.44 fm
The neutron skin

𝑅$%& = 4.821 fm  and
𝑅$' = 4.766 fm 

are around 4.78 fm, with a 
difference of about 0.05 fm

Proton rms radius for Cs and I

This result is compatible with all
the nuclear mean field models.

Cadeddu et al., arXiv:2102.06153  

Cadeddu et al., PRD 101, 033004 
(2020), arXiv:1908.06045

… the central value tends to 
favour models that predict a 

larger value of 𝑹𝒏. 
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89:
Parity violation in an atomic system can be obseved as
an electric dipole transition amplitude between two
atomic states with the same parity, such as the 6S and 7S 
states in cesium

• Indeed, a transition between two atomic states with 
same parity (6S and 7S in Cs) is forbidden by the parity
selection rule and cannot happen with the exchange
of a photon

• However, an electric dipole transition amplitude can 
be induced by a Z boson exchange between atomic
electrons and nucleons-> Atomic Parity Violation
(APV) or Parity Non Conserving (PNC)

The quantity that is measured in this transition is the 
nuclear weak charge:

Interaction mediated 
by the Z boson and 

so mostly sensitive to 
the weak (neutron) 

distribution. 

Interaction mediated 
by the photon and so 
mostly sensitive to the 

charge (proton) 
distribution 

M. Cadeddu and F. Dordei, Reinterpreting the weak mixing 
angle from atomic parity violation in view of the Cs neutron 
rms radius measurement from COHERENT, PRD 99, 033010 
(2019), arXiv:1808.10202

𝑄LAM ≈ 𝑍 1 − 4 sin? 𝜃LAM − 𝑁
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89:
Weak Charge in the SM including radiative corrections

𝑄+,-./.1. ≡ −2 𝑍 𝑔23
!$ + 0.00005 + 𝑁 𝑔23!) + 0.00006 1 −

𝛼
2𝜋

≈ 𝑍 1 − 4 sin4 𝜃+,- − 𝑁

Using SM prediction at low energy for the Weinberg angle sin4 ?𝜃+ 0 = 0.23857(5), the theoretical
value for the weak charge of Cesium is 𝑄LAM NN

OPP𝐶𝑠 = −73.23(1)

1𝜎

𝑄L
QRS.

NN
OPP𝐶𝑠 = −72.82(42)

Experimental result, 
which then translates into
a Weinberg angle 
determination

sin( 𝜃6789 = 0.2367 18

1𝝈

APV(Cs) depends crucially on the 
value of 𝑅H(Cs) and its uncertainty
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89:

Experimental value
of electric dipole 
transition amplitude 
between 6S and 7S 
states in Cs

−Im 𝐄𝐏𝐍𝐂
𝛃

=
1.5935 56 mV/cm
[C. S. Wood et al, Science 
275, 1759 (1997)] 

Theoretical APV (or PNC) amplitude of 
the 6S-7S electric dipole transition

is the nuclear spin independent Hamiltonian 
describing the electron-nucleus weak interaction

where d is the electric dipole 
operator, and 

𝜌 𝒓 = 𝜌$ 𝒓 = 𝜌) 𝒓 → neutron skin correction needed

[Bennet and Wieman,PRL 82, 2484 (1999)]
[A. Dzuba and V. Flambaum., PRA 62, 
052101 (2000)]

𝜷: tensor transition polarizability

It characterizes the size of the Stark 
mixing induced electric dipole 

amplitude (external electric field) 

β = 27.064(33) 𝒂𝑩𝟑
PDG2020 average



“[…] Thus, we must conclude that processes involving hadronic 
probes tend to grossly underestimate the many sources of 
theoretical uncertainties.”

Neutron-skin of a variety of nuclei as
extracted from antiprotonic data as a function
of the asymmetry parameter, I.
From the linear fit one obtains:

[A. Trzcinska et al. s, PRL. 87, 082501 (2001)]

𝐼IJ ≅ 0.17 𝐼UV ≅ 0.21

0.4 PREX-I & PREX-II  PRL 126, 172502 (2021)

Extrapolated value for Cs

𝐼 = (𝑁 − 𝑍)/𝐴

For cesium 789
2
= :;8<<

=>>
≅ 0.17

à 𝛥𝑅)$%& ≅ 0.13 ± 0.04 fm

𝛥𝑅)$?@ = 0.283 ± 0.071 fm
Δ𝑅

)$
[fm

]

Δ𝑅)$[fm] = − 0.04 ± 0.03 + (1.01 ± 0.15)
𝑁 − 𝑍
𝐴

EXTRAPOLATED (not measured) value for 
Cesium!
Antiprotonic data: radiochemical and the 
other based on x-ray data constraining the 
neutron distribution at the nuclear periphery

[Thiel M. et al., Journal of Physics G, 46, 9 (2019), arXiv:1904.12269v1] 

89:
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Assuming to know the SM prediction at low-energy
sin4 ?𝜃+ 0 = 0.23857(5)

The weak charge for APV with the neutron skin
contribution reads

This coupling depends on the integrals
where ρ(r) are the proton and neutron densities in the 
nucleus and f(r) is the matrix element of the electron 
axial current between the atomic s1/2 and p1/2 wave
functions inside the nucleus normalized to f(0)=1.

.*+564+
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We performed the calculations considering charge, 
proton and neutron distribution densities that
correspond to the form factors in CEνNS cross 
section using both Helm and 2pF parametrization.

Contribution of Cs and I disentangled!!

C
adeddu et al., arXiv:2102.06153 

𝚫𝐑𝐧𝐩(𝟏𝟑𝟑𝐂𝐬)= 𝐑𝐧 − 𝐑𝐩 = 𝟎. 𝟒𝟓Y𝟎.𝟑𝟑\𝟎.𝟑𝟑 𝐟𝐦

ΔRAB(127I)= RA − RB = 1.18C.D.=.C fm

COHERENT (CsI)
+ APV(Cs)

COHERENT depends on both Cs and I, while APV 
only on Cs: we can disentangle the contributions



Strong linear correlation between the neutron skin of Cs 
and Pb among different nuclear model predictions

.*+564+
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PREX: parity-violating asymmetry APV in the elastic
scattering of longitudinally polarized electrons on 208Pb
Measurement of the lead neutron skin through an 
electroweak process

PREX, PRL 126, 172502 (2021)

∆𝐑𝐧𝐩 𝟐𝟎𝟖𝐏𝐛 = 𝟎. 𝟐𝟖𝟑 ± 𝟎. 𝟎𝟕𝟏 𝐟𝐦

The neutron skin is a key parameter also
for neutron stars properties



Both CEvNS data on CsI and APV on Cs depend on Rn and sin2(𝝑𝑾): strong interplay between
nuclear physics and weak interactions. Try to exploit correlations in both measurements!

.*+564+

COHERENT only sin4 𝜗+ = 0.2208C.C4:.C.C4;
The COHERENT only measurement is currently not competitive due to the suppression of 
the proton contribution

Cadeddu et al, arXiv:2102.06153
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CEvNS is helpful in combination with APV 
measurement on 133Cs in order to provide
experimental constrain on Rn and sin2(𝜗+) 
simultaneously

Data driven result!

COH+APV 1-D

sin4 𝜗+ = 0.24068C.CC><.C.CC><

Here the value of Rn(133Cs) was
extrapolated using antriprotonic
atoms, known to be affected by 
considerable model 
dependencies.
Waiting for future reduced

uncertainties! 
Future seems to be bright!

PRD 104, L011701 (2021),  2104.03280

Maybe BSM physics or connection with g-2?!

https://arxiv.org/abs/2104.03280


Thanks!

Do you have 
any 

questions?
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Electroweak neutron skin 
measurement 

#5)6*7'%$4'5)45'*
;=

;>

;?

,54613*

COHERENT latest results
on cesium-iodide

!"𝜈#$%&'()*++
Coherent elastic neutrino-
nucleus scattering

Atomic Parity Violation 
experiment on Cesium

89:

;@.*+564+
Our results and conclusions
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Coherency means that the nucleon wavefunctions in the 
target nucleus are in phase with each other: this is true at low 

momentum transfer.

The interaction is coherent up to neutrino energies 𝐸K~50 MeV
for medium size nuclei, which translate to keV nuclear recoils

Despite the detection related challenges CE𝜈NS is 
characterized by a large cross section

3

!"𝜈#$%&'()*++

Image: J. Link Science Perspectives

𝑑𝜎I]^_A 𝐸^, 𝐸`
𝑑𝐸`

≅
𝐺a?

4𝜋 𝑚_ 1 −
𝑚_𝐸`
2𝐸^?

𝑄b? |𝐹 𝐸` |?
Nuclear form factor 

where 𝑄L = 𝑁 − (1 − 4 sin4 𝜃+) 𝑍 ≅ 𝑁.

sin4 𝜃+ is about ¼, the second term is close to zero so that the 
cross section scales with the neutron number squared σ ∝ 𝑁4

Nuclear weak charge

D. Akimov et al. Science
357.6356 (2017)

Three-momentum 
transfer 𝑞 = 2𝑚7𝐸M

Nuclear radius
(R~4 − 5 fm)

Coherency condition: 𝑞 r 𝑅 ≪ 1 𝑞 ≪ =
N
~0.2 fm8=



An appropriate source of neutrinos is needed: high 
flux, well understood (low uncertainties), pulsed for 

background rejection, multiple flavors, etc.

6

!"𝜈#$%&'()*++

Two types of neutrino sources are 
considered in experiments

Nuclear reactors: 
antineutrinos produced 

in beta decays

Spallation neutron source: neutrinos 
produced from the decay of 

pions/muons
Spallation Neutron Source @Oak Ridge:
• 1 GeV protons hit liquid Hg target
• Reached 1.4 MW
• Pulsed @60Hz: measure steady-state 

bkg out of beam
• Pion-decay-at-rest neutrino source
• Multi-target program to measure 𝑁4

dependence

delayedprompt
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• COHERENT has observed for the first time CE𝜈NS  with a 14.6 kg CsI
scintillating crystal

• 19.3 m from the source

• 134±22 CE𝜈NS  events: 6.7σ significance

• To be compared with prediction: 173±48 events

!,-"."#/%*0&*'12*34

D. Akimov et al. Science 357.6356 (2017)

• New observation in 2020 
with LAr detector
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• In 2020 the COHERENT Collaboration presented the 
updated results on the CsI detector:

• Increased statistics. More than 2x!

• 2D Likelihood fit in numbers of photoelectrons and 
reconstructed time

!,-"."#/%*0&*'12*34

No-CE𝜈NS rejection 11.6σ

SM CE𝜈NS prediction 333±11(th)±42(ex)

Fit CE𝜈NS events 306±20

Fit χ2/dof 82.4/98

CE𝜈N cross section 169)%*+,-×10−40 cm2

SM cross section 189 ± 6×10−40 cm2

COHERENT Collaboration, talks 
@Magnificent CE𝜈NS ‘20

• Result consistent with SM 
prediction at 1σ

• Flux uncertainty now
dominates the systematic

• Overall systematic
uncertainty reduced: 
28%→13%
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• 2020 results using 24 kg of atmosphering Ar
(CENNS-10 detector)

• Test of the dependence on 𝑁4

!,-"."#/%*0&*'12*34
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1) >3σ CE𝜈NS detection significance

Pe
rs

he
y, 

ta
lk

 @
M

ag
ni

fic
en

t C
E
𝜈N

S 
‘2

0

|𝑭 𝑬𝒓 |
𝟐 < 𝟏

|𝑭 𝑬𝒓 |
𝟐 ≡ 𝟏

Observed cross section consistent with the 𝑁4

dependence

CENNS-10 is still taking data and an upgrade to a 
750 kg detector
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Neutrino energy

Nuclear recoil energy

Mass of the nucleus
SM vector proton 

coupling SM vector 
neutron coupling

Weinberg angle Neutron 
Form Factor

Proton Form 
Factor

+ …
𝑑𝜎I]^_A 𝐸^, 𝐸`

𝑑𝐸`
≅
𝐺a?𝑚_
𝜋 1 −

𝑚_𝐸`
2𝐸^?

𝒈𝑽
𝒑 𝐬𝐢𝐧𝟐 𝝑𝑾 𝑍 𝑭𝒁 𝒒 𝟐 + 𝒈𝑽𝒏 𝑁 𝑭𝑵 𝒒 𝟐

?

New 𝝂interactions
New 𝝂

properties

Nuclear 

physicsEW 
precision

!"𝜈#$%)'(++%+*)41(3



#5)6*7'%$4'5)45'*
• The analogy with electron and x-ray diffraction is very close and it is merely necessary to replace

the electron cloud of an atom by the proton cloud of a nucleus

• Born approximation: to obtain the actual scattering for a finite nucleus it is necessary to multiply
the point charge scattering cross section by the square of the form factor

• Unfortunately for medium and heavy nuclei this procedure fails:

• As is well known, the first Born approximation is equivalent to consider both the incident and 
diffracted waves as a plane waves.

• The waves are distorted by the intese nuclear electromagnetic field, so that they can no longer
be considered plane waves: DISTORTED WAVER BORN APPROXIMAPTON (DWBA)

• By considering the PWBA two principal types of errors are committed: the PWBA puts true zeros
into the form factors, whereas the accurate calculations show minima rather than zeros; Radii
determined from PWBA are generally larger than the exact calculations.
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#5)6*7'%$4'5)45'*
• The charge radii of nuclei have been studied with muonic spectroscopy and the data were

fitted with two-parameters Fermi (2pF) density distributions of the form

𝜌?9a 𝑟, 𝑐, 𝑎 =
𝜌l

1 + 𝑒 `Y= /n
• The half-density radius c is related to the root-mean

square (rms) radius

• The a parameter, called diffuseness, is related to the 
surface thickness t:

𝑡 = 4 𝑎 ln 3 ≅ 4.40 𝑎

𝑅./0 ≡ ⟨ ⟩𝑟% ≡ ∫ .!2(r) 3" .
∫ 2(r) 3". = ∫ .!2(r) 3" .

45
→

𝑅./0
%67 ≡ ⟨ ⟩𝑟% =

3
5 𝒄

% +
7
5 𝜋 𝒂 %

half-density radius 

Surface thickness

• In principle a three-parameters Fermi density
distributions could be employed, adding the w
parameter which allows for a dip or a bump in the 
central region

𝜌,67 𝑟, 𝑐, 𝑎, 𝑤 = 1 + 𝑤
𝑟%

𝑐% 𝜌%67r [fm] 



#5)6*7'%$4'5)45'*
Charge radii of Cesium & Iodine: surface thickness fixed to t=2.3 fm (i.e. a=0.5234 fm)

Cesium

Iodine

R89
:;< ≡ ⟨ ⟩r% ;=>?@

A/% =
3
5 𝐜

% +
7
5 π

tCDE?>
4 ln 3

%

In a 2pF one can retrieve in a 
model-dependent way the rms
charge radius

G. Fricke et al., Atom. Data Nucl. Data Tabl. 60, 177 (1995) 

R1O
PQ = 4.804 fm (Cesium charge rms radius )

R1O
R = 4.749 fm (Iodine charge rms radius )
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#5)6*7'%$4'5)45'*

Once the charge radius is determined, it is necessary to translate such quantity into the proton
radius, taking into account finite size of both protons and neutrons plus other corrections

Point-proton 
radius

Mean squared 
charge radius of a 

single proton
t u𝑟B4 = 0.7071 fm2

Mean squared 
charge radius of a 

single neutron
⟨ ⟩𝑟A4 = −0.1161 fm2

Relativistic
Darwin-Foldy

correction
~0.033 fm2

Spin-orbit correction
~0.09 fm2  for S;Ca

~ 0.028 fm2  for 4C;Pb

Charge 
radius

𝑅DE
F = 𝑅GHIJKF + $ %𝑟GF + L

M
⟨ ⟩𝑟!" + #

$%! + ⟨ ⟩𝑟" &'

G. Hagen et al. Nature Physics 12, 
186–190 (2016),  Arxiv: 1509.07169
M. Cadeddu et al. PRD 102, 015030 (2020),
Arxiv: 2005.01645

Spin-independent Spin-independent 

𝑅$/TQ = 𝑅BUVAW4 + t u𝑟B4

= 𝑅XO
4 −

𝑁
𝑍
⟨ ⟩𝑟A4 +

3
4𝑀4 + ⟨ ⟩𝑟4 ,Y

RMS proton 
distribution radius



Assuming to know the SM prediction at low
energy sin4 ?𝜃+ 0 = 0.23857(5)

The weak charge for APV with the neutron skin
contribution reads

This coupling depends on the integrals
where ρ(r) are the proton and neutron densities in the 
nucleus and f(r) is the matrix element of the electron 
axial current between the atomic s1/2 and p1/2 wave
functions inside the nucleus normalized to f(0)=1.

.*+564+

27

where V(r) represents the radial electric potential determined
uniquely by the charge distributon 𝝆𝒄 𝒓 of the nucleus.

We performed the calculations considering charge, proton
and neutron distribution densities that correspond to the 
form factors in CEνNS cross section using both Helm and 
2pF parametrization. Contribution of Cs and I disentangled!!

C
adeddu et al., arXiv:2102.06153 

𝚫𝐑𝐧𝐩(𝟏𝟑𝟑𝐂𝐬)= 𝐑𝐧 − 𝐑𝐩 = 𝟎. 𝟒𝟓Y𝟎.𝟑𝟑\𝟎.𝟑𝟑 𝐟𝐦

ΔRAB(127I)= RA − RB = 1.18C.D.=.C fm

COHERENT (CsI)
+ APV(Cs)



Strong linear correlation between the 
neutron skin of Cs and Pb among
different nuclear model predictions

.*+564+
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PREX: parity-violating
asymmetry APV in the 
elastic scattering of 
longitudinally polarized
electrons on 208Pb

PREX, PRL 126, 172502 (2021)

Important complementarity of Rn with the 
astrophysical sector
• Δ𝑅F6 is the result of the competition between

the Coulomb repulsion, the surface tension, 
that decreases when the excess neutrons are 
pushed to the surface, and the symmetry
energy.

• The slope parameter, L, is the derivative of the 
symmetry energy wrt density at saturation

• Theoretical calculations show a strong linear 
correlation between Δ𝑅F6 and L, namely larger
neutron skins translate into larger values of L

Reed at al., PRL 126, 172503 (2021)
Horowitz et al., PRL 86, 5647 (2001)

COHERENT and APV result L> 38.5 MeV

Given that L is proportional to 
the pressure of pure neutron
matter at saturation density, 
larger values of Δ𝑅)$ imply a 
larger size of neutron stars



Both CEvNS data on CsI and APV on Cs depend on Rn and sin2(𝝑𝑾): strong interplay between
nuclear physics and weak interactions. Try to exploit correlations in both measurements!
The dependece of the weak charge on the Weinberg angle allows CEvNS to measure it

.*+564+

Pershey, talk @Magnificent CE𝜈NS ‘20
sin4 𝜗+ = 0.2208C.C4:.C.C4;

COHERENT ALONE IS 

NOT PRECISE 

Measurement not currently competitive due 
to the suppression of the proton contribution
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CEvNS is helpful in 
combination with 
APV measurement
on 133Cs in order to 
provide
experimental
constrain on Rn and 
sin2(𝜗+) 
simultaneously

Data driven 
result!
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COHERENT+APV 1-D-
marginalization on sin2(𝜗L)

Cadeddu et al, arXiv:2102.06153

sin# 𝜗= = 0.2406>?.??ABC?.??AB

Here the value of Rn(133Cs) was
extrapolated from hadronic
experiments using antriprotonic
atoms, known to be affected by 
considerable model dependencies.


