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T H E  M A I N  I D E A

A T O M I C  P A R I T Y  

V I O L A T I O N  ( A P V )

C O H E R E N T  E L A S T I C  
N E U T R I N O  N U C L E U S  

S C A T T E R I N G  ( C E V N S )

Forbidden by 

selection rules

Allowed!

Luckily both the experimental results 

involve cesium nuclei so that 

combining information on both 

processes can shed light on a quantity 

called neutron skin. 

In both cases the process is mediated 

by a Z boson which couples mostly 

with neutrons. Both APV and CEvNS

are sensitive to the neutron 

distribution! 

∆𝑅𝑛𝑝≡𝑅𝑛−𝑅𝑝



C O H E RE N T  E L A S T I C  

N E U T RI N O - N U C L E U S  

S C A T T E RI N G  ( C E 𝜈N S ) :

ÅPredicted long time ago: A 

neutrino scatters off a nucleus via 

exchange of a Z, and the nucleus 

recoils as a whole

ÅPredicted in 1974 by Freedman

Å It took more than 40 years to 

finally measure nuclear recoils 

originating from this neutrino 

interaction!

3
𝝂𝜶+ 𝑨,𝒁 →𝝂𝜶+ 𝑨,𝒁



C O H E R E N C E  M E A N S …

Nucleon wavefunctions in the target nucleus are in phase with each other at low momentum transfer.

The interaction is coherent up to neutrino energies 𝐸𝜈~50 MeV for medium size nuclei. 
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Image: J. Link Science Perspectives

𝑑𝜎𝐶𝐸𝜈𝑁𝑆

𝑑𝐸𝑟
≅

𝐺𝐹
2𝑚𝑁

4𝜋
1−

𝑚𝑁𝐸𝑟

2𝐸𝜈
2 × 𝑄𝑤

2 × |𝐹𝐸𝑟 |2

𝑄𝑤 =𝑁− (1−4sin2𝜃𝑊)𝑍≅𝑁where

as sin2𝜃𝑊 is about 1/4, the second term is close to zero and the cross 

section scales with the number of neutrons squared ʎ∝ 𝑁2.

Nuclear form factor 

Nuclear weak charge

D. Akimov et al. Science 357.6356 (2017)



T H E  C O H E R E N T  E X P E R I M E N T

The Spallation Neutron Source @Oak Ridge

Å Pulsed 1 GeV protons hit liquid-Hg target

ÅRecently reached 1.4MW

Å Pion-decay-at-rest neutrino source

ÅMulti-target program to measure 𝑁2dependence
5

prompt

The COHERENT 

energy and time 

information allow us 

to distinguish the 

interactions of 𝜈𝑒,𝜈𝜇

and 𝜈𝜇

2.2𝜇𝑠



C O H E R E N T  F I R S T  R E S U LT :  C s I

ÅFirst CsI result 2017!

ÅFirst CE𝜈NS detection with 14.6 kg CsI scintillating crystal

Å19.3 m from the source

Å134 ± 22 CE𝜈NS events: 6.7ʎsignificance

ÅTo be compared with prediction: 173 ± 48 events
6

D. Akimov et al. Science 357.6356 (2017)



C O H E R E N T  C s I  2 0 2 0

Å Increased statistics. More than 2x!

Å2D Likelihood fit in numbers of 

photoelectrons and reconstructed time.

7

No-CE𝜈NS rejection 11.6ʎ

SM CE𝜈NS prediction 333±11(th)±42(ex)

Fit CE𝜈NS events 306±20

ÅOverall systematic uncertainty reduced: 28% Ÿ13%

ÅNeutrino flux uncertainty now dominates the 

systematic uncertainty.

ÅResult is consistent with SM prediction at 1ʎ

COHERENT Collaboration, talks @Magnificent CE𝜈NS ‘20
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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

W H AT  C A N  W E  L E A R N  F RO M  C E 𝜈N S ?

𝑑𝜎𝐶𝐸𝜈𝑁𝑆𝐸𝜈,𝐸𝑟

𝑑𝐸𝑟
≅

𝐺𝐹
2𝑚𝑁

𝜋
1−

𝑚𝑁𝐸𝑟

2𝐸𝜈
2 𝒈𝑽

𝒑
𝐬𝐢𝐧𝟐 𝝑𝑾 𝑍𝑭𝒁 𝒒𝟐 +𝒈𝑽

𝒏𝑁𝑭𝑵 𝒒𝟐
2

What are these form factors?With CEvNS we can measure 𝐬𝐢𝐧𝟐 𝝑𝑾

and 𝑭𝑵 𝒒𝟐



It is convenient to have an analytic expression like the

Helm form factor

Å The nuclear form factor, F(q), is taken to be the Fourier transform of a spherically

symmetric ground state mass distribution (both proton and neutrons) normalized so that

F(0) = 1:

Recoil energy

T H E  N U C L E A R F O R M F A C T O R

𝑗1 : spherical Bessel

function of the first

kind 𝑹𝟎: box radius, s:

surface thickness

q: momentum transfer. 

Helm R.  Phys. Rev. 104, 1466 (1956)

𝑑𝜎

𝑑𝐸𝑟
≅

𝐺𝐹
2𝑚𝑁

4𝜋
1−

𝑚𝑁𝐸𝑟

2𝐸𝜈
2 𝑄𝑤

2×|𝐹𝑤𝑒𝑎𝑘𝐸𝑟 |2

𝑔𝑉
𝑝
𝑍𝐹𝑍 𝐸𝑟,𝑅𝑝 +𝑔𝑉

𝑛𝑁𝐹𝑁 𝐸𝑟,𝑅𝑛
2

Weak charge ×weak form factor

Proton    + Neutron from factor
Extensively studied

Huge bibliography Poorly known… 

For a weak interaction like for CEvNS you deal with the

weak form factor: the Fourier transform of the weak charge

distribution (neutron + proton distribution weighted by

the weak mixing angle)
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F I T T I N G T H E  C O H E R E N T

C s I DATA  F O R  T H E  N E U T RO N

R A D I U S

(For fixed 𝑡=2.3fm)

𝑅𝑝
𝐶𝑠=4.821±0.005fm  (Cesium rms proton radius)

𝑅𝑝
𝐼=4.766±0.008fm  (Iodine rms-proton radius)

𝑅𝑐ℎ
𝐶𝑠=4.804fm   (Cesium charge rms radius )

𝑅𝑐ℎ
𝐼 =4.749fm (Iodine charge rms radius )

𝑑𝜎

𝑑𝐸𝑟
≅

𝐺𝐹
2𝑚𝑁

4𝜋
1−

𝑚𝑁𝐸𝑟

2𝐸𝜈
2 𝑔𝑉

𝑝
𝑍𝐹𝑍 𝐸𝑟,𝑅𝑝

𝐶𝑠/𝐼
+𝑔𝑉

𝑛𝑁𝐹𝑁 𝐸𝑟,𝑅𝑛
𝐶𝑠𝐼 2

𝑅𝑛
𝐶𝑠& 𝑅𝑛

𝐼very well known so we fitted 

COHERENT CsI data looking for 𝑅𝑛
𝐶𝑠𝐼…

V From muonic X-rays 

data we have

𝑅𝑝
rms= 𝑅𝑐h

2 −
𝑁

𝑍
ۦ ۧ𝑟n

2 +
3

4𝑀2
ۦ+ ۧ𝑟2

𝑆𝑂

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



This was the first model independent

measurement of the CsI neutron radius

11

𝑅𝑛
𝐶𝑠𝐼=5.5−1.1

+0.9fm

F I R S T  AV E R A G E C s I N E U T RO N D E N S I T Y

D I S T R I B U T I O N M E A S U R E M E N T

üWe first compared the data with the predictions in the case of full 

coherence, i.e. all nuclear form factors equal to unity: the 

corresponding histogram does not fit the data.

üWe fitted the COHERENT data in order to get information on 

the value of the neutron rms radius 𝑅𝑛, which is determined by the 

minimization of the 𝝌𝟐using the symmetrized Fermi and Helm 

form factors. 

M. Cadeddu, C. Giunti, Y.F. Li, Y.Y. Zhang, 

PRL 120 072501, (2018), arXiv:1710.02730



Theoretical values of the proton and neutron rms radii of Cs and I obtained with 

nuclear mean field models. The value is compatible with all the models...

∆𝑅𝑛𝑝
𝐶𝑠𝐼=0.76±0.44fm

The neutron skin
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𝑅𝑛
𝐶𝑠𝐼=5.55±0.44fm

W I T H  N E W  Q U E N C H I N G  A N D  M O R E  DATA …

… the central value tends to favour models 

that predict a larger value of 𝑹𝒏. 

𝑅𝑝
𝐶𝑠=4.821fm  and

𝑅𝑝
𝐼=4.766fm 

are around 4.78 fm, with a 

difference of about 0.05 fm

Proton rms radius for Cs and I

Cadeddu et al., arXiv:2102.06153  

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



AT O M I C  PA R I T Y  V I O L AT I O N  I N  C E S I U M
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Parity violation in an atomic system can be observed as 

an electric dipole transition amplitude between two 

atomic states with the same parity, such as the 6Ὓand 

7Ὓstates in cesium.

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 

Å 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.

Å However, an electric dipole transition

amplitude can be induced by a ὤ boson

exchange between atomic electrons and

nucleons Ą Atomic Parity Violation (APV) or

Parity Non Conserving (PNC).

𝑄𝑊
𝑆𝑀≈𝑍1− 4sin2𝜃𝑊

𝑆𝑀 −𝑁

ü The quantity that is measured is the weak charge

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
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𝑄𝑊
𝑆𝑀+r.c.≡−2𝑍𝑔𝐴𝑉

𝑒𝑝
+0.00005+𝑁 𝑔𝐴𝑉

𝑒𝑛+0.00006 1−
𝛼

2𝜋
≈𝑍1− 4sin2𝜃𝑊

𝑆𝑀 −𝑁

𝑄𝑊
exp.

55
133𝐶𝑠=−72.82(42)

VWeak charge in the SM including radiative corrections

sin2𝜃W
APV=0.236718

Using SM prediction at low energy

sin2መ𝜃𝑊 0 =0.23857(5)

PDG2020

A P V ( C s )  F O R  W E I N B E R G A N G L E  M E A S U R E M E N T S

APV(Cs) depends crucially on 

the value of 𝑅𝑛(Cs)and its 

uncertainty

Experimentally

1𝜎difference 

1𝝈

𝑄𝑊
𝑆𝑀

55
133𝐶𝑠=−73.23(1)
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Experimental value of 

electric dipole 

transition amplitude 

between 6S and 7S 

states in Cs

−Im
𝐄𝐏𝐍𝐂

𝛃
=

1.593556
mV/cm

[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) 

ɼ= 27.064(33) 𝒂𝑩
𝟑[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 

𝜌𝒓 =𝜌𝑝 𝒓 =𝜌𝑛 𝒓 →neutron skin correction (Δ𝑅𝑛𝑝
𝐶𝑠) needed

E X T R A C T I N G T H E  C s W E A K C H A R G E

PDG2020 average
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0.4

0.5

𝐼𝐶𝑠≅0.17𝐼𝑃𝑏≅0.21

Extrapolated value for Cs

Neutron-skin of a variety of nuclei as extracted from 

antiprotonic data as a function of the asymmetry 

parameter, 𝐼. 

Δ𝑅𝑛𝑝[fm]=− 0.04±0.03+(1.01±0.15)
𝑁−𝑍

𝐴

Δ
𝑅

𝑛
𝑝[

f
m]

ü From this linear fit one obtain this relation 

Extrapolated (not measured) value for Cesium!

𝐼=(𝑁−𝑍)/𝐴

𝛥𝑅𝑛𝑝
𝑃𝑏=0.283±0.071fm

“[…] Thus, we must conclude that processes involving 

hadronic probes tend to grossly underestimate the many 

sources of theoretical uncertainties.”

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

Antiprotonic data: radiochemical and the other based 

on x-ray data constraining the neutron distribution at 

the nuclear periphery

16

0.4

𝐼=(𝑁−𝑍)/𝐴

PREX-I & PREX-II

PRL 126, 172502 (2021)

E S T R A P O L AT E D  VA L U E F O R Δ𝑅𝑛𝑝
𝐶𝑠

Extrapol. value Cesium 𝛥𝑅𝑛𝑝
𝐶𝑠≅0.13±0.04fm



N E U T RO N  S K I N C O R R E C T I O N A P V
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Cadeddu et al., arXiv:2102.06153 

𝜟𝑹𝒏𝒑(
𝟏𝟑𝟑𝐂𝐬)= 𝑹𝒏−𝑹𝒑=𝟎.𝟒𝟓−𝟎.𝟑𝟑

+𝟎.𝟑𝟑𝐟𝐦

Δ𝑅𝑛𝑝(
127I)= 𝑅𝑛−𝑅𝑝=1.1−0.9

+1.0fm

COHERENT (CsI)

+ APV(Cs)

The weak charge for APV with the neutron skin contribution 

reads

This coupling depends on the integrals

proton and 

neutron densities 

in the nucleus

üWe performed the calculations considering charge, proton 

and neutron distribution densities that correspond to the 

form factors in the CEʉNS cross section using both Helm 

and 2pF parametrization.

Contribution of Cs and I disentangled!!

Assuming to know the SM prediction at low energy

sin2መ𝜃𝑊 0 =0.23857(5)

matrix element of the electron 

axial current between the 

atomic s1/2 and p1/2 wave 

functions in nucleus.



C O H E R E N T + A P V A N D  P R E X
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PREX, PRL 126, 172502 (2021)
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Strong linear correlation

between the neutron skin

of Cs and Pb among

different nuclear model 

predictions

Relativistic mean field nuclear

model predictions

Nonrelativistic Skyrme-Hartree

Fock predictions

PREX: parity-violating asymmetry in the 

elastic scattering of longitudinally polarized 

electrons on 208Pb

𝛥𝑅𝑛𝑝(
133Cs)=0.45−0.33

+0.33fm



W E I N B E R G  A N G L E A N D  R n ( C s )  T O G E T H E R

VThe dependence of the weak charge on the Weinberg angle allows CE𝜈NS to measure it
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sin2 𝜗𝑊 =0.220−0.027
+0.028

Measurement not currently competitive due to the suppression of the proton contribution! 

Both CEvNS data on CsI and APV on Cs depends on 𝑅𝑛and sin2 𝜗𝑊 : strong interplay between 

nuclear physics and weak interactions. Try to exploit correlations in both measurements! 

𝑑𝜎𝐶𝐸𝜈𝑁𝑆𝐸𝜈,𝐸𝑟

𝑑𝐸𝑟
≅

𝐺𝐹
2𝑚𝑁

𝜋
1−

𝑚𝑁𝐸𝑟

2𝐸𝜈
2 𝒈𝑽

𝒑
𝐬𝐢𝐧𝟐 𝝑𝑾 𝑍𝑭𝒁 𝒒𝟐 +𝒈𝑽

𝒏𝑁𝑭𝑵 𝒒𝟐
2



W E I N B E R G  A N G L E A N D  R n ( C s )  T O G E T H E R
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CE𝜈NS +APV 1d marginalization on sin2 𝜗𝑊
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Here the value of 𝑅𝑛(133Cs)was extrapolated from 

hadronic experiments using antiprotonic atoms, known 

to be affected by considerable model dependencies. 

sin2 𝜗𝑊 =0.2406−0.0035
+0.0035

CE𝜈NS is helpful in combination with APV measurement on 
133Cs in order to provide experimental constrain on 𝑅𝑛and 

sin2 𝜗𝑊 simultaneously.



Thanks for your attention
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BACKUP



C O H E R E N T  A N D  P R E X

23

PREX, PRL 126, 172502 (2021)

PREX: parity-violating asymmetry APV in the elastic 

scattering of longitudinally polarized electrons on 208Pb

Cadeddu et al., arXiv:2102.06153  

Reed at al., PRL 126, 172503 (2021)

Horowitz et al., PRL 86, 5647 (2001)

Relativistic mean field nuclear

model predictions

Nonrelativistic Skyrme-Hartree

Fock predictions

Strong linear correlation between the neutron skin of 

Cs and Pb among different nuclear model predictions

Å The slope parameter, L, is the derivative 

of the symmetry energy wrt density at 

saturation.

Å Theoretical calculations show a strong 

linear correlation between Δ𝑅𝑛𝑝and L, 

namely larger neutron skins translate 

into larger values of L

COHERENT and APV result L >38.5 MeV

Å Δ𝑅𝑛𝑝 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 symmetryenergy.



N E U T RO N  S K I N C O R R E C T I O N A P V
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Cadeddu et al., arXiv:2102.06153 

𝜟𝑹𝒏𝒑(
𝟏𝟑𝟑𝐂𝐬)= 𝑹𝒏−𝑹𝒑=𝟎.𝟒𝟓−𝟎.𝟑𝟑

+𝟎.𝟑𝟑𝐟𝐦

Δ𝑅𝑛𝑝(
127I)= 𝑅𝑛−𝑅𝑝=1.1−0.9

+1.0fm

COHERENT (CsI)

+ APV(Cs)

The weak charge for APV with the neutron skin contribution reads

This coupling depends on the integrals

where ʍ(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. 

where V(r) represents the radial electric potential determined uniquely 

by the charge distribution 𝝆𝒄𝒓 of the nucleus.

We performed the calculations considering charge, proton and 

neutron distribution densities that correspond to the form factors in 

the CEʉNS cross section using both Helm and 2pF parametrization. Contribution of Cs and I disentangled!!

Assuming to know the SM prediction at low energy

sin2መ𝜃𝑊 0 =0.23857(5)



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 55
133𝐶𝑠and 53

127𝐼system,  we considered the following

parameterizations of the neutron form factor

1. Two-parameters Fermi form factor

Neutron rms radius

2. Helm form factor

Neutron rms radius

s is similar to the surface thickness. We consider the value    

s = 0.9 fm which was determined for the proton form 

factor of similar nuclei.
25

We consider the same value of t = 2.30 fm as for the proton 

form factor.

T WO  D I F F E R E N T N E U T RO N F O R M F A C T O R

PA R A M E T R I Z AT I O N S

COHERENT 

Energy range
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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

𝜌2𝑝𝐹𝑟,𝑐,𝑎 =
𝜌0

1+𝑒𝑟−𝑐/𝑎

Å The half-density radius c is related to the root-mean

square (rms) radius

𝑅𝑟𝑚𝑠
2𝑝𝐹

≡ ۦ ۧ𝑟2 =
3

5
𝒄2+

7

5
𝜋𝒂2

Å The a parameter, called diffuseness, is related to the

surface thickness t:

𝑡=4𝑎ln3≅4.40𝑎

half-density radius 

Surface thickness

T WO  PA R A M E T E R F E R M I  D E N S I T Y

r [fm] 

𝜌3𝑝𝐹𝑟,𝑐,𝑎,𝑤 = 1+𝑤
𝑟2

𝑐2
𝜌2𝑝𝐹

Three-parameters Fermi density distributions

Å The w parameter allows for a dip or a bump                               

in the central region. 

𝑅𝑟𝑚𝑠≡ ۦ ۧ𝑟2 ≡
𝑟2𝜌(r)׬ 𝑑3𝑟

𝜌(r)׬ 𝑑3𝑟
=

𝑟2𝜌(r)׬ 𝑑3𝑟

𝑍𝑒
→



F RO M  T H E  C H A R G E  T O  T H E  

P RO T O N  R A D I U S

27

Point-

proton 

radius
Mean squared charge 

radius of a single 

proton

ൻ ൿ𝑟p
2 =0.7071 fm2

Mean squared charge 

radius of a single 

neutron

ۦ ۧ𝑟n
2 =−0.1161 fm2

Relativistic Darwin-

Foldy correction

~0.033 fm2

Spin-orbit correction

~0.09 fm2  for 48Ca

~0.028 fm2  for 208Pb

Charge 

radius

𝑅𝑐h
2 = 𝑅point

2 + ൻ ൿ𝑟p
2 +

𝑁

𝑍
ۦ ۧ𝑟n

2 +
3

4𝑀2 ۦ+ ۧ𝑟2
𝑆𝑂

One need to take into account finite size of both protons and neutrons 

plus other corrections 

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 
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Point-

proton 

radius
Mean squared charge 

radius of a single 

proton

ൻ ൿ𝑟p
2 =0.7071 fm2

Mean squared charge 

radius of a single 

neutron

ۦ ۧ𝑟n
2 =−0.1161 fm2

Relativistic Darwin-

Foldy correction

~0.033 fm2

Spin-orbit correction

~0.09 fm2  for 48Ca

~0.028 fm2  for 208Pb

Charge 

radius

𝑅𝑐h
2 = 𝑅point

2 + ൻ ൿ𝑟p
2 +

𝑁

𝑍
ۦ ۧ𝑟n

2 +
3

4𝑀2 ۦ+ ۧ𝑟2
𝑆𝑂

One need to take into account finite size of both protons and neutrons 

plus other corrections 

𝑅𝑝
rms= 𝑅point

2 + ൻ ൿ𝑟p
2 =

= 𝑅𝑐h
2 −

𝑁

𝑍
ۦ ۧ𝑟n

2 +
3

4𝑀2 ۦ+ ۧ𝑟2
𝑆𝑂

RMS proton 

distribution radius

G. Hagen et al. Nature Physics 12, 186–190 (2016), 

Arxiv: 1509.07169

M. Cadeddu et al. PRD 102, 015030 (2020),

Arxiv: 2005.01645



Å 953 MeV electron beam on a diamond lead-

diamond sandwich target

Å laboratory scattering angle of å5°

Å four-momentum transfer squared of 

ۦ ۧ𝑄2 ≅0.00616±0.00005 GeV2.

Å Thomas Jefferson National Accelerator Facility (JLab)
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Here the value of 𝑅𝑛(133Cs)was extrapolated 

from hadronic experiments using antiprotonic 

atoms, known to be affected by considerable 

model dependencies. 

Cadeddu et al. Arxiv:2104.03280

The running of 

the weak mixing 

angle is also 

modified by the 

presence of a light 

Z boson 

Performing a global fit to muon and 

electron g-2, APV(Cs) and Qweak

(weak charge of the proton) we found 



Å In the absence of electric fields and weak neutral currents, an electric dipole (E1) transition between two atomic states with

same parity (6S and 7S in Cs) is forbidden by the parity selection rule.

Å However, an electric dipole transition amplitude can be induced by a ὤboson exchange between atomic electrons and

nucleonsĄAtomic ParityViolation (APV)

hyperfine levels

ü The weak NC interaction violates parity and mixes a small amount of the P state into the

6S and 7S states (~10−11), characterized by the quantity 𝐈𝐦(𝑬𝟏𝑷𝑵𝑪), giving rise to a

7SĄ 6S transition.

DIPOLE 

TRANSITION 𝑅7𝑆→6𝑆=|𝐴𝐸±𝐴𝑃𝑁𝐶|
2=

=𝑬𝟏𝜷
2±2𝑬𝟏𝜷𝑬𝟏𝑷𝑵𝑪+𝐸𝑃𝑁𝐶

2

NO DIPOLE 

TRANSITION

Because the interference term is linear in 𝑬𝟏𝑷𝑵𝑪it can be large

enough to be measured, but it must be distinguished from the large

background contribution (𝐸1𝛽
2).

ü To obtain an observable that is at first order in this amplitude, an

electric field E (that also mixes S & P) is applied. E gives rise to a

“Stark induced” E1 transition amplitude, 𝐀𝐄 that is typically

105times larger than 𝐀𝐏𝐍𝐂and can interfere with it.

A T O M I C P A R I T Y V I O L A T I O N I N  C E S I U M
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For there to be a nonzero interference term, the experiment must have a “handedness” , and if the handedness is reversed, the

interference term will change sign, and can thereby be distinguished as a modulation in the transition rate

The PV amplitude is in units of the equivalent electric field required to give the same mixing of 

Ὓand ὖstates as the PV interaction

The transition rate is obtained by measuring the amount

of 850- and 890-nm light emitted in the 6P-6S step of

the 7S-6S decay sequence.

[R
o
b
erts et al., A

n
n
u
. R

ev. N
u
cl. P

art. S
ci. 6

5
, 6

3
 (2

0
1
5
)]

V The measurements culminated in 1997 when the Boulder group performed a measurement of 

𝐴𝑃𝑁𝐶/𝐴𝐸with an uncertainty of just 0.35%. 

𝑅7𝑠→6𝑆=|𝐴𝐸±𝐴𝑃𝑁𝐶|
2≃𝐸1𝛽

2±2𝑬𝟏𝜷𝑬𝟏𝑷𝑵𝑪

ü Stark-interference technique:  cesium atoms pass through a region of perpendicular 

electric, magnetic, and laser fields. The “handedness" of the experiment is changed by 

reversing the direction of all fields. 

[C. S. Wood et al., Science 275, 1759 (1997)] 

Im
𝐸𝑃𝑁𝐶

𝛽
=−1.593556

mV

cm

T H E  E X P E R I M E N T A L T E C N I Q U E



99.73%

99%

95.45%

90%

68.27%
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𝑑𝜎

𝑑𝑇
=

𝐺𝐹
2𝑀

4𝜋
1−

𝑀𝑇

2𝐸𝜈
2 [𝑁𝐹𝑁 𝑇,𝑅𝑛 −𝐹𝑍 𝑇,𝑅𝑝 𝑍(1−4sin2𝜃𝑊)]2

CEvNS cross section depends on 

sin2𝜃𝑊

Quite big 

uncertainty due to 

the suppression of 

the proton

contribution ! 

Neutron & proton form

factors and radii

With fixed neutron skin

(𝛥𝑟𝑛𝑝
𝐶𝑠𝐼=𝑅𝑛−𝑅𝑝=0.2fm) and 

QF of  PRD 100, 033003 (2019)
𝑄ۦۧ ≈60MeV

𝑄ۦۧ ≈2.4MeV

SeealsoòCOHERENTconstraints after the Chicago-3

quenching factormeasurementóPapoulias D. ,ArXiv:1907.11644

NOT suppressed Very suppressed
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𝑑𝜎

𝑑𝑇
=

𝐺𝐹
2𝑀

4𝜋
1−

𝑀𝑇

2𝐸𝜈
2 [𝑁𝐹𝑁 𝑇,𝑹𝒏 −(1−4sin2𝜃𝑊)𝑍𝐹𝑍 𝑇,𝑅𝑝]

2

CEvNS cross section depends also on 𝑹𝒏

COHERENT is sensitive to the neutron

radius, 𝑹𝒏, of 133Cs, and simultaneously

APV measurement depends crucially on it

(or on the neutron skin)

𝑅𝑛
𝐶𝑠𝐼=5.5−1.1

+0.9fm

[ C.M., Giunti C., Y.F. Li, Y.Y. Zhang, 

Average CsI neutron density

distribution from COHERENT 

data , PRL 120 (2018) 072501, 

arXiv:1710.02730 ]

[ P. S. Amanik and G. C. McLaughlin J. Phys. G 

Nucl. Part. Phys. 36 015105 (2009), K. Patton et 

al., PRC 86 024612 (2012) ] 

NOT suppressed Very suppressed

𝑹𝒏of 133Cs
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COHERENT FIT



Cadeddu et al. arXiv:2102.06153v1

M. Hoferichter, J. Menendez, and A. Schwenk, 

PRD 102, 074018

(2020)  Coherent elastic neutrino-nucleus 

scattering: EFT analysis and nuclear responses

EFT here actually stands for a 

“phenomenological nuclear shell 

model” prediction. 

N E U T RO N R A D I U S A N D  

N E U T RO N S K I N P R E D I C T I O N S

C E S I U M ,  I O D I N E A N D  L E A D
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Future data of the COHERENT experiment may lead to a

better determination of the neutron rms radius 𝑅𝑛 and of the

neutron skin Δ𝑅𝑛𝑝. Figure shows the estimation of the

sensitivity to 𝑅𝑛 of the COHERENT experiment as a

function of the number of protons on target with the current

systematic uncertainties, with half the current systematic

uncertainties, and with one-quarter of the current systematic

uncertainties, including the effect of the beam-off background.

ÅWith the current systematic uncertainties and 10 times the 

current number of NPOT, the data of the COHERENT 

experiment will allow us to determine 𝑹𝒏within about 

0.5 fm. 

Å If the systematic uncertainties are reduced by half or one-

quarter, 𝑹𝒏can be determined within about 0.4 or 0.3 fm, 

respectively. 

Projection for 𝑅𝑛measurement

𝜟𝑹𝒏≃0.5 fm

The current sensitivity gives a relative uncertainty 

Δ𝑅𝑛/𝑅𝑛≃17%, which is in approximate agreement 

with the uncertainty of our determination of 𝑅𝑛.

𝜟𝑹𝒏≃0.4 fm

𝜟𝑹𝒏≃0.3 fm


