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The weak mixing angle is a fundamental parameter of the electroweak theory of the standard model
whose measurement in the low-energy regime is still not precisely determined. Different probes are
sensitive to its value, including atomic parity violation, coherent elastic neutrino-nucleus scattering, and
parity-violating electron scattering on different nuclei. In this work, we attempt for the first time to combine
all these various determinations by performing a global fit that also takes into account the unavoidable
dependence on the experimentally poorly known neutron distribution radius of the nuclei employed, for
which a new measurement using proton-cesium elastic scattering became available. By using all present
direct determinations of the neutron distribution radius of cesium, we find sin2 ϑW ¼ 0.2396þ0.0020

−0.0019 , which
should supersede the previous value determined from atomic parity violation on cesium. When including
electroweak only, but also indirect, determinations of the neutron distribution radius of cesium, the
uncertainty reduces to 0.0017, maintaining the same central value and showing excellent agreement
independently of the method used.

DOI: 10.1103/PhysRevD.110.033005

I. INTRODUCTION

The standard model (SM) of the electroweak interactions
is described by the gauge group SUð2Þ × Uð1Þ, with the
i ¼ 1, 2, 3 gauge bosonsWi

μ and Bμ for the SU(2) and U(1)
groups, respectively, and the corresponding gauge coupling
constants g and g0. After spontaneous symmetry breaking,
the physical Z boson and photon mediators are obtained
from a rotation of the basis of the two gauge bosons, Bμ

and W3
μ. The angle of this rotation is known as the weak

mixing angle, ϑW ≡ tan−1ðg0=gÞ, also referred to as the
Weinberg angle [1]. In practice, the quantity sin2 ϑW is
usually quoted instead of the weak mixing angle itself.
The experimental determination of sin2 ϑW and its

dependence on the energy scale of the process, so-called
running, provides a direct probe of physics phenomena

beyond the SM (BSM). Its value is extracted from neutral-
current processes and Z-pole observables. More in detail,
at the Large Electron-Positron (LEP) Collider [2], it was
possible to achieve the most precise measurements of
sin2 ϑW in the high-energy electroweak (EW) sector, in
perfect agreement with other collider determinations [1]
(Tevatron, LHC, and SLC). In the midenergy range, the
most precise result has been derived from the measurement
of the weak charge of the proton, Qp

W , performed by the
Qweak Collaboration and found to be Qp

W ¼ 0.0719�
0.0045 [3], showing excellent agreement with the predicted
SM running. Moving to the low-energy sector [4], the most
precise weak mixing angle measurement so far belongs to
the so-called atomic parity violation (APV) experiments,
also known as parity nonconservation (PNC), using
cesium atoms [5,6], namely, sin2 ϑW ¼ 0.2367� 0.0018.
This value is slightly smaller than the SM prediction at
near zero momentum transfer, Q ¼ 0, calculated in the so-
called modified minimal subtraction (MS) renormalization
scheme, sin2 ϑSMW ðQ ¼ 0Þ ¼ 0.23863� 0.00005 [1,7,8].
Atomic parity violation is caused by the weak interaction,
and it is manifested in P-violating atomic observables [9].
Other targets have also been used, even if with less precise
outcomes, and of interest for this work is the measurement
of APV in lead [10,11]. Such experiments play a unique
role complementary to those at high energy [12]. In
particular, APV is highly sensitive to extra light Z0 bosons
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predicted by BSM theories, underscoring the need for
improved experimental determinations of sin2 ϑW in the
low-energy regime [12,13].
A summary of the most precise weak mixing angle

measurements as a function of the scale, Q, is shown in
Fig. 1, along with the SM predicted running of sin2 ϑW,
calculated in the MS renormalization scheme [1,7,8].
In the low-energy sector, there are two other electroweak

probes that are mildly sensitive to the weak mixing angle.
They are the coherent elastic neutrino-nucleus scattering
(CEνNS) [19] and measurements of parity violation in
electron scattering (PVES) on nuclei. The first process has
been observed so far in three targets, namely, in cesium
iodide (CsI) [16,17], in argon (Ar) [20], and very recently
in germanium (Ge) [21] by the COHERENT Collaboration
using a spallation neutron source. Moreover, a strong
preference for CEνNS was reported in Ref. [22] using
antineutrinos from the Dresden-II reactor and a germanium
target, even though this observation is in mild tension with
recent CONUS data [23] and relies on an enhancement at
low-energy of the ionization yield [24], whose origin
remains still unexplained [25]. The CEνNS cross section
depends on the value of sin2 ϑW through the neutral-current
vector coupling of the proton gpV [19,26,27], whose tree-
level value is given by gpV ¼ 1

2
− 2sin2ϑSMW ðQ¼ 0Þ≃ 0.0227.

More precise values are determined by taking into account
the radiative corrections in the MS scheme, following
Refs. [1,26]. Being the proton contribution subdominant
with respect to the neutron one, only broad constraints on

sin2 ϑW can be obtained [27–33]. The most recent updated
result is sin2 ϑW ¼ 0.231þ0.027

−0.024 [27], obtained from the
latest COHERENT CsI data [17].
PVES consists of polarized electron-nucleus scattering,

e.g., in lead, that happens through both the weak and the
electromagnetic currents. Isolating the first contribution, it
provides an interesting way to assess the nuclear structure,
but it can also be used to put constraints on sin2 ϑW . This
has been recently suggested in Ref. [34], using the latest
PVES measurements on lead released by the PREX-II
Collaboration [35].
Historically, the APVmeasurement in cesium has moved

significantly over the years (see the inset of Fig. 9 of
Ref. [27]), being mostly lower than the SM prediction,
motivating further investigation of all the inputs entering
this measurement. Moreover, the extraction of the weak
mixing angle value using electroweak probes (APV,
CEνNS, and PVES) is always affected by the limited
knowledge of the so-called neutron skin of the nuclei used
as a target [36]. The latter is defined as ΔRnp ≡ Rn − Rp

and quantifies the difference between the neutron and the
proton root-mean-square nuclear distribution radii, Rn and
Rp, respectively, where the latter is experimentally well-
known from electromagnetic measurements [37]. The
usage of an extrapolated or imprecise value of the neutron
radius of cesium or lead would bias the extraction of
sin2 ϑW and vice versa, misinterpreting potential signs of
BSM physics. It is thus of pivotal importance to exploit
all available inputs on ΔRnp and sin2 ϑW in a combined
measurement, in order to take advantage of possible
correlations and minimize external assumptions.
The difficulty in measuring ΔRnp is that the nuclear

neutron distribution can be probed only by exploiting the
strong or weak forces. The effects of the weak neutral-
current interactions, embodied by the weak charge of the
nucleus, are known with good approximation, thus making
these measurements systematically clean. However, the
statistical uncertainty is still quite limited. On the contrary,
the results of experiments with hadron probes are more
precise but their interpretation is difficult since the effects
of strong-force interactions cannot be calculated with
sufficient approximation and the interpretation can be done
only by assuming a strong-interaction model with all its
limitations [36]. On top of that, the cesium neutron radius
determination with hadronic probes has been historically
experimentally challenging due to the low melting point
and spontaneous ignition in air, resulting up to now for the
APV sin2 ϑW determination in the utilization of an extrapo-
lated RnðCsÞ value from antiprotonic atom x-ray data [38].
However, recently, a new direct measurement of the cesium
neutron skin, 0.12� 0.21 fm, appeared [18], obtained
using proton-cesium elastic scattering at low momentum
transfer and an in-ring reaction technique at the Cooler
Storage Ring (CSRe) at the Heavy Ion Research Facility
in Lanzhou, which can be included in the derivation of

FIG. 1. Variation of sin2 ϑW with scale Q. The SM prediction is
shown as the solid curve, together with experimental determi-
nations in black at the Z-pole [1] (Tevatron, LEP1, SLC, LHC),
from APV on cesium [5,6] [APV(Cs)], Møller scattering [14]
(E158), deep inelastic scattering of polarized electrons on
deuterons [15] (PVDIS), and the result from the proton’s weak
charge [3] (Qweak). For illustration purposes, the Tevatron and
LHC points have been shifted horizontally to the left and right,
respectively. In cyan is the result derived in this paper when
combining APV(Cs) with CEνNS COHERENT CsI data [16,17]
and the neutron skin determination at the CSRe facility [18]. A
similar result, slightly more precise, is obtained considering
electroweak probes only and is shown in red.
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sin2 ϑW . The authors employed this value to re-extract the
COHERENT sin2 ϑW value by fitting the CEνNS CsI
dataset, finding sin2 ϑW ¼ 0.227� 0.028.
Taking into account all these recent developments, in this

work, we combine all the available measurements of
RnðCsÞ, RnðPbÞ, and sin2 ϑW in a global fit to extract the
most up to date and precise determination of the weak
mixing angle at low energy. Moreover, to better check the
consistency among the different inputs and techniques, we
also compare the electroweak-only determination with the
averages obtained using strong probes.

II. RESULTS

To start with, we combine all available measurements
using cesium atoms, namely, atomic parity violation on
cesium, APV(Cs), CEνNS on CsI, referred to as COH, and
the recent determination of RnðCsÞ at the CSRe facility. The
APVobservable is the weak charge of the nucleus QWðCsÞ,
which is extracted by means of the experimental determi-
nation of the ratio of the parity-violating amplitude,
EPNC, and the Stark vector transition polarizability, β,
and by calculating theoretically EPNC in terms of QW . For
the latter, the Particle Data Group (PDG) uses the theo-
retical prediction of the PNC amplitude ðImEPNCÞwnsth ¼
ð0.8995� 0.0040Þ × 10−11jejaB QW

N of Ref. [6], referred to
hereafter as APV PDG, where Im stands for the imaginary
part, aB is the Bohr radius, N is the number of neutrons in
the nucleus, and jej is the absolute value of the electric
charge. The apex w.n.s. means that the neutron skin
correction has not already been implemented, given that
we want to extract this correction from the combined fit
using external inputs. In this work, for the PNC amplitude,
we use the more precise value recently calculated in
Ref. [39], referred to as APV 21, which exploits a variant
of the perturbed relativistic coupled-cluster theory which
treats the contributions of the core, valence, and excited
states to the spin-independent parity-violating electric
dipole transition amplitude on the same footing, unlike
the previous high precision calculations. This latter result
is in slight tension with that used by the PDG and equal
to ðIm EPNCÞwnsth ¼ ð0.8931 � 0.0027Þ × 10−11jejaB QW

N .
Besides being more precise, it is also in better agreement
with those reported in Refs. [40,41]. For completeness, in
Appendix B, we repeat all the results reported in this work
using APV PDG.
To combine APV(Cs) and COHERENT CsI, we follow

the technique initially developed in Ref. [42] and the latest
prescriptions detailed in Ref. [27], adding a prior on
RnðCsÞ ¼ 4.94� 0.21 fm1 coming from CSRe. The only

mild assumptions behind this combination are that sin2 ϑW
is constant between the corresponding experimental
momentum transfers, 2.4≲Q≲ 100 MeV, which is true
in the absence of BSM effects, and that the 133Cs and 127I
neutron skins are the same in order to isolate the con-
tribution of RnðCsÞ when analyzing the COHERENT data.
Given the fact that the neutron skin difference for these
two nuclei is expected to be small compared to the current
precision of experimental data, this choice is a fair approxi-
mation. We also checked that the fitting for an average
value of the rms neutron radii of 133Cs and 127I gives the
same output. The result is shown in Fig. 2 at different
confidence levels (CLs), while the numerical values can be
found in Table I.
This determination of sin2 ϑW depends on the CSRe

determination of RnðCsÞ, which dominates the
COHERENT and APV(Cs) sensitivity on the neutron
distribution radius. In order to check the impact of relying
so heavily on a measurement of the neutron distribution
radius obtained using strong probes, we perform a further
determination of sin2 ϑW using electroweak probes only.
To do so, we exploit two additional EW probes, namely,
PREX-II and APV, on lead. The former determines the
weak form factor value at the experimental mean momen-
tum transfer, QPREX-II ≃ 78 MeV [35], which depends on
both the neutron distribution radius of lead and sin2 ϑW.
A simultaneous fit of these two parameters can be achieved
following the method developed in Ref. [34] and
produces an almost fully degenerate oblique band in the

FIG. 2. Constraints on the weak mixing angle sin2 ϑW and the
Cs neutron radius Rnð133CsÞ obtained from a combined APV(Cs)
21þ COH þ CSRe fit at different CLs (1 − 2 − 3σ), together
with their marginalizations in the side panels. The blue line
indicates the theoretical low-energy value of the weak mixing
angle, sin2 ϑSMW ðQ ¼ 0Þ.

1The latter radius has been obtained starting from the skin
measured in Ref. [18] and using the rms proton radius of
cesium RpðCsÞ ¼ 4.821ð5Þ fm [27,37,43] and the neutron radius
hr2ni ≃ hr2pi ¼ 0.708 fm2 [44].
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RnðPbÞ-sin2ϑW plane. To break the degeneracy, the
PREX-II result can be combined with the APVexperiment
on 208Pb, which is sensitive to the nuclear weak charge at a
momentum transfer of QAPVðPbÞ ∼ 8 MeV. In this case, we
assume sin2 ϑW to be constant between the corresponding
experimental momentum transfers, 8≲Q≲ 78 MeV.
Furthermore, a practically model-independent extra-
polation can be performed, following the method devel-
oped in Ref. [13] and briefly summarized in Appendix A,
to translate the RnðPbÞ determination into a measurement
of RnðCsÞ. In this way, the green contour shown in
Fig. 3 is obtained at the 1σ CL. In the same figure, it is
possible to judge the good agreement between the
different EW probes currently available, namely, APV(Cs), APVðPbÞ þ PREX-II, and COHERENT CsI. All these

probes can be combined together to get a fully EW deter-
mination of sin2 ϑW and RnðCsÞ, as shown by the red
contour at 1σ in Fig. 3.
The EW combination is also shown at different CLs and

together with the marginalizedΔχ2’s curves in Fig. 4. Here,
we also compare the EW fit to other non-EW measure-
ments of RnðCsÞ, namely, the direct one derived at CSRe
using proton-cesium scattering [18] and a more precise
determination that is obtained from a conversion of the
non-EW measurements of RnðPbÞ. The latter average is
retrieved by considering all non-electroweak RnðPbÞ deter-
minations in Table 4 of Ref. [45], Table I of Ref. [46], and a
recent measurement performed at the LHC [47]. A sum-
mary of all the measurements considered is shown in Fig. 5,
where it is possible to see that a rather good agreement
among all the different techniques is obtained. The average
is ΔRnon−EW

np ðPbÞ ¼ 0.16� 0.01 fm. For comparison, in
the same figure, we also show the EW determination
coming from our combined fit of APVðPbÞ þ PREX-II,
namely, ΔREW

np ðPbÞ ¼ 0.262� 0.136 fm, which also under-
lines the rather good agreement that can be obtained
between EW and non-EW probes as long as in the former
the dependence on sin2 ϑW is taken into account. In
addition, all these experimental values are in rather
good agreement with the theoretical expected range

FIG. 3. Individual and combined contours at 1σ CL of the
available electroweak probes. Namely, APV(Cs) (orange dash-
dotted line), APVðPbÞ þ PREX-II already converted into RnðCsÞ
(dotted green line), and COH CsI (light-blue dashed line). The red
solid contour is the combination of all these EW probes, with the
red cross indicating the best-fit values.

FIG. 4. Combined EW fit at different CLs (1 − 2 − 3σ) and its
marginalized Δχ2’s curves in the side panels considering
APV(Cs) 21. The pink and purple bands indicate non-EW
measurements of the cesium radius, coming from proton scatter-
ing on cesium (CSRe) and from the average of non-EW measure-
ments on lead converted into RnðCsÞ using the method explained
in Appendix A. In green, the result of the combined APVðCsÞ21þ
COHþ CSReþ PREX-IIþ APVðPbÞ þ non-EWðonPbÞ fit is
shown at 1σ CL. The blue line shows the SM value of the weak
mixing angle, sin2 ϑSMW ðQ ¼ 0Þ.

TABLE I. Summary of the constraints at 1σ CL obtained in this
work on the weak mixing angle sin2 ϑW and on the Cs neutron
radius Rnð133CsÞ. The different labels refer to the COHERENT
CsI data (COH), APV (Cs) data using the PNC amplitude
of Ref. [39], and the CSRe determination of Rnð133CsÞ. The
electroweak result (EW combined) combines APV(Cs)+COH
with PREX-II and APV determinations on lead. The global fit
includes all of the above plus the non-EW determinations of Rn
on lead.

sin2 ϑW Rnð133CsÞðfmÞ
APVðCsÞ þ COH þ CSRe 0.2396þ0.0020

−0.0019 5.04� 0.19

EW combined 0.2396� 0.0017 5.04� 0.06
Global fit 0.2387� 0.0016 4.952� 0.009
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0.13 < ΔRnpðPbÞ < 0.19 ½fm� [48–50] and the first ab initio
estimate 0.14 < ΔRnpðPbÞ < 0.20 ½fm� [51].
Interestingly, there is extraordinary agreement among

the central values obtained for sin2 ϑW when using the
strong probe determination at CSRe of RnðCsÞ [APVðCsÞþ
COHþ CSRe] and that obtained using exclusively EW
probes, as is visible in Table I, with the latter being slightly
more precise. This achievement gives confidence that an
overall excellent agreement is emerging among EW and
strong probe determinations of Rn, such that the sin2 ϑW
result obtained is not too sensitive to the particular dataset
or method used. These two determinations, which overlap
besides the uncertainty, have also been added to Fig. 1 and
should be compared with the previous PDG determination
of APV(Cs) [1], with the shift being largely due to the
different PNC amplitude used. We would like to underline
that our two determinations have uncertainties that are
comparable with that of the PDG one.
For completeness, we checked what happens if a global

fit of all the measurements shown in Fig. 4 is performed and
it is indicated by the green contour in the same figure.
Numerical values are also listed in Table I. Clearly, the
central value of sin2 ϑW is dominated by the non-EW
determinations of RnðPbÞ, but it is possible to see that there
is not much gain on the uncertainty, with the latter being
dominated by the uncertainty of APV(Cs). Thus, there is no
clear advantage of performing such an aggressive global fit.

III. CONCLUSIONS

Motivated by the lack of a precise determination of the
weak mixing angle at low energies, we thoroughly inves-
tigate how to exploit correlations among the different
probes available in order to maximize the reliability and
significance of the sin2 ϑW value that is extracted. In
particular, we combine atomic parity violation experiments

on cesium and lead nuclei, coherent elastic neutrino-
nucleus scattering on cesium iodide, and parity-violating
electron scattering on lead by performing a fit that also
takes into account the unavoidable dependence on the
experimentally poorly known neutron distribution radius of
the nuclei employed. For the latter, we also exploit a recent
measurement of the cesium neutron distribution radius,
obtained using proton-cesium elastic scattering at the CSRe
facility. To check the consistency of the results obtained,
we compare the weak-mixing angle values obtained using
electroweak-only determinations of the neutron distribution
radius on cesium and lead nuclei (EW combined) with
that obtained using cesium-only determinations of RnðCsÞ
including also strong probes ðAPVðCsÞ þ COHþ CSReÞ.
Respectively, we find

sin2ϑW ¼
(
0.2396� 0.0017ðEW combinedÞ
0.2396þ0.0020

−0.0019ðAPVðCsÞ þ COHþ CSReÞ ;

where an excellent agreement is visible, with the first
method giving a slightly more precise result. These findings
underscore the fact that an overall consistent picture is
emerging between the values extracted using EW and
strong probes, as long as the correlation with the neutron
skin is properly taken into account. Finally, given that the
latter combination of APV(Cs), COHERENT CsI, and
RnðCsÞ from CSRe uses direct determinations of RnðCsÞ, it
should supersede the sin2 ϑW value obtained by exploiting
APV(Cs)-only with an indirect extrapolation of RnðCsÞ [1].
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APPENDIX A: NUCLEAR MODEL PREDICTIONS
FOR ΔRnpðPb=CsÞ

In Fig. 6, we show the values of the point neutron skins2

of 208Pb and 133Cs obtained with various nonrelativistic
Skyrme-Hartree-Fock (SHF) [55–60] and relativistic mean
field (RMF) [61–70] nuclear models. A clear model-
independent linear correlation [29,48,68,71–73] is present
between the two neutron skins within the nonrelativistic
and relativistic models with different interactions, with a
Pearson’s correlation coefficient of ρ ≃ 0.999. Namely, we
find ΔRpoint

np ðCsÞ ¼ 0.707 × ΔRnpðPbÞ þ 0.016 fm that can

FIG. 5. Summary of available measurements of the lead
neutron skin considering different processes [34,52–54]. The
black data points indicate non-EW probes, while in green we
report the combined APVðPbÞ þ PREX-II EW measurement.
The purple band indicates the 1σ CL value obtained by averaging
over all the available non-EW measurements.

2The physical proton and neutron radii Rp;n can be retrieved
from the corresponding point radii Rpoint

p;n adding in quadrature the
contribution of the rms nucleon N radius hr2Ni1=2 ≃ 0.84 fm, that
is considered to be approximately equal for the proton and the
neutron. Namely, R2

p;n ¼ ðRpoint
p;n Þ2 þ hr2Ni.
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be translated into a physical ΔRnpðCsÞ determination. We
exploit this powerful linear correlation to translate the
PREX-II and APV(Pb) combined measurement of the lead
neutron skin into a cesium one. Moreover, we also use it to
translate the mean of the neutron skin measured through
non-EW probes on lead into a determination of the cesium
one. The latter is shown by the purple extrapolation in Fig. 6.

APPENDIX B: RESULTS WITH IM EPNC PDG

In this appendix, we report the results using for the
atomic parity violation determination in cesium the PNC
amplitude EPNC from Ref. [6], referred to as APV(Cs)

PDG. The combination of APV(Cs) PDG and COHERENT
CsI adding a prior on RnðCsÞ ¼ 4.94� 0.21 fm coming
from CSRe is shown in Fig. 7 at different CLs, while the
numerical values can be found in Table II.
All the EW probes currenlty available, namely, APV(Cs)

PDG, APVðPbÞ þ PREX-II, and COHERENT CsI, are
combined to get a fully EW determination of sin2 ϑW
and RnðCsÞ, as shown at different CLs and together with the
marginalized Δχ2 curves in Fig. 8. Here, we also compare
the EW fit to other non-EW measurements of RnðCsÞ,
namely, the direct one derived at CSRe using proton-
cesium scattering [18] and a more precise determination

FIG. 6. Correlation between the nuclear model prediction of the
lead and cesium neutron skin. The purple-shaded region corre-
sponds to the mean of the neutron skin measured through non-
EW probes on lead and its translation into cesium.

TABLE II. Summary of the constraints at 1σ CL obtained in
this work on the weak mixing angle sin2 ϑW and on the Cs
neutron radius Rnð133CsÞ. The different labels refer to the
COHERENT CsI data (COH), APV (Cs) PDG data using the
PNC amplitude of Ref. [6], and the CSRe determination of
Rnð133CsÞ. The electroweak result (EW combined) combines
APVðCsÞ þ COH with PREX-II and APV determinations on
lead. The global fit includes all of the above plus the non-EW
determinations of Rn on lead.

sin2 ϑW Rnð133CsÞðfmÞ
APVðCsÞ þ COHþ CSRe 0.2372� 0.0022 5.04� 0.19
EW combined 0.2372� 0.002 5.03� 0.06
Global fit 0.2363þ0.0018

−0.0019 4.951� 0.009

FIG. 7. Constraints on the weak mixing angle sin2 ϑW and the
Cs neutron radius Rnð133CsÞ obtained from a combined APV (Cs)
PDGþ COHþ CSRe fit at different CLs (1 − 2 − 3σ), together
with their marginalizations in the side panels. The blue line
indicates the theoretical low-energy value of the weak mixing
angle, sin2 ϑSMW ðQ ¼ 0Þ.

FIG. 8. Combined EW fit at different CLs (1 − 2 − 3σ) and its
marginalized Δχ2 curves in the side panels considering APV(Cs)
PDG. The pink and purple bands indicate non-EWmeasurements
of the cesium radius, coming from proton scattering on cesium
(CSRe), and from the average of non-EW measurements on
lead converted into RnðCsÞ using the method explained in
Appendix A. In green the result of the combined APV(Cs) PDGþ
COHþ CSReþ PREX-IIþ APVðPbÞ þ non-EWðon PbÞ fit is
shown at 1σ CL. The blue line shows the SM value of the weak
mixing angle, sin2 ϑSMW ðQ ¼ 0Þ.
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that is obtained from a conversion of the non-EW mea-
surements of RnðPbÞ, as explained in Appendix A. For
completeness, in Fig. 8, we also show the result of a global
fit of all these determinations. It is possible to notice, by

comparing Figs. 4 and 8, that using the PNC amplitude
EPNC from Ref. [6] [APV(Cs) PDG] results in a sin2 ϑW
value that is slightly smaller than the SM prediction as well
as less precise.
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