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Indirect searches have the potential to probe scales beyond the realm of direct searches. In this paper, we
consider the implications of two parity violating experiments: weak charge of proton Qp

W and the Caesium
atomQCs

W on the solutions to lepton flavor nonuniversality violations in the decay of Bmesons. Working in
a generic implementation of a minimal Z0 model, we assume the primary contribution being due to the
electron to facilitate comparison with the low q2 parity violating experiments. We demonstrate that the
conclusion is characterized by different limiting behavior depending on the chirality of the lepton current.
The correlation developed in this study demonstrates the effectiveness in studying the synergy between
different experiments leading to a deeper understanding of the interpretation of the existing data. It is shown
that a possible future improvement in the parity violating experiments can have far reaching implications in
the context of direct searches. We also comment on the prospect of addition of the muon to the fits and the
role it plays in ameliorating the constraints on models of Z0. This offers a complimentary understanding of
the pattern of the coupling of the new physics to the leptons, strongly suggesting either a muon only or a
combination of solutions to the anomalies.
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I. INTRODUCTION

Indirect measurements are extremely sensitive to small
deviations from the Standard Model (SM) predictions.
These could be in the form of flavor violating transitions
or an estimate of flavor diagonal effects. New physics, if
present, must have different but correlative implications for
physics measurements across different energy scales. This
serves as a usefulmotivation to explore the combined effects
of different probes on simplified extensions to the SM.
Semileptonic decays of the B mesons constitutes one

of the strongest hints for beyond standard model (BSM)
physics. The measurement of the theoretically clean
ratio RK ¼ BðBþ → Kþμþμ−Þ=BðBþ → Kþeþe−Þ [1]
RKjq2¼1–6 GeV2 ¼ 0.846þ0.060−0.016ðstatÞ � 0.014ðsystÞ reported
a 2.5σ deviation from the SM prediction, RSM

K ¼ 1.0003�
0.0001 [2,3]. Similar trends were observed in the

measurement ofRK�¼BðB0→K�0μþμ−Þ=BðB0→K�0eþe−Þ
[4]. Both the measurements indicate lepton flavour non-
universality violations in neutral current decays: a sign of
new physics.
A simple way to quantify these observations is to

consider model independent fits to Wilson coefficients of
the following effective operators:

Heff ¼ −
Gfαffiffiffi
2

p
π
VtbV�

ts

X
i

Ci
XYO

i
XY; ð1Þ

where the operator Oi
XY ¼ ðs̄γμPXbÞðl̄γμPYlÞ and CXY

are the corresponding Wilson coefficients defined as
CXY ¼ CSM

XY þ CNP
XY . There are several analyses involving

different combinations of Wilson coefficients (WC) for the
leptons. [5–12].
In this letter we make the first attempt to study the

implications from low-energy parity violation experiments
on these fits. Particularly, we are interested in the recent
measurements of the weak charge of the proton Qp

W [13]
and the Caesium atom ðQCs

W Þ. These experiments corre-
spond to a measurement of axial-electron-vector-quark
weak coupling constants C1q defined as

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 101, 035025 (2020)

2470-0010=2020=101(3)=035025(8) 035025-1 Published by the American Physical Society

https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.101.035025&domain=pdf&date_stamp=2020-02-19
https://doi.org/10.1103/PhysRevD.101.035025
https://doi.org/10.1103/PhysRevD.101.035025
https://doi.org/10.1103/PhysRevD.101.035025
https://doi.org/10.1103/PhysRevD.101.035025
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


LQW;QP
¼ ēγμγ5e

2v2
X
q¼u;d

C1qq̄γμq: ð2Þ

The main goal of this paper would be to limit the extent of
the electron contribution to the anomalies by means of
these precise measurements. These conclusions drawn on
the model parameters would serve as a hard upper bound
for a given class of new physics (NP) models.
The tree-level expressions for C1q in the SM are given

as: C1u ¼ − 1
2
þ 4

3
sin2θW ; C1d ¼ 1

2
− 2

3
sin2θW In the SM, the

values for C1q are CSM
1u ¼ −0.1887� 0.0022 and CSM

1d ¼
0.3419� 0.0025. The expressions for the weak charge of
the proton and Caesium atom (in terms of C1q) are given as

Qp
W ¼ −2½2C1u þ C1d�

QCs
W ¼ −2½55ð2C1u þ C1dÞ þ 78ðC1u þ 2C1dÞ�: ð3Þ

Following the independent measurements for the proton
[13] and the Caesium atom [14], the allowed ranges at
1σ are

Qp
W ¼ 0.0719� 0.0045;

QCs
W ¼ −72.58ð29Þexptð32Þtheory: ð4Þ

Figure 1 illustrates the simultaneous compatibility of both
these measurements, showing the 2σ ranges allowed by the
measurement of weak charge of proton (gray) and Caesium
(brown) in the C1u-C1d plane. The black point represents
the SM central value and lies in the region of overlap due to
both experiments.

A. New physics contributions

Any NP contribution to either the C1u orC1d must satisfy
the constraints from both the measurements simultaneously
and will be the focus of the following discussion. The
coefficients C1q in Eq. (2) can receive corrections due to

different extensions of the SM. They can be induced either
at tree level due to the direct exchange of heavy vectors or
at one-loop. A generic NP extension to Eq. (2) is given as

L ¼ ēγμγ5e

2v2
X
q¼u;d

Ceff
1q q̄γ

μq;

where Ceff
1q ¼ CSM

1q þ CNP
1q and correspondingly lead to

corrections to Eq. (3). Similar to the SM, the CNP
1q can

be factored into the NP axial vector coupling to electrons
(gAVe ) and the vector coupling to light quarks (gVq ) and can
be expressed as C0NP

1q ¼ gVq gAVe . Figure 1 shows the simul-
taneous region of compatibility, in the plane of C1u − C1d,
due to the two parity violation experiments. NP to con-
tributions to C1q and the corresponding constraints on the
model parameters were considered for instance in [15–19].
Given our discussion on the B anomalies and low-energy

parity violation experiments, it is not unusual to expect
independent contributions to them in a generic NP model.
In this paper, we consider the possibility of an interplay
between the two.

B. Anomalies to parity violation

While the anomalies correspond to a flavor changing
observable, QCs;p

W deal with a flavor diagonal transition.
Thus, a correlation is possible only with the aid of an
underlying model characterized by a flavor symmetry. To
facilitate this correlation, we consider the SM to be
augmented with an additional heavy neutral vector Z0.
The effective Lagrangian (after EWSB) parametrizing its
couplings to the fermions is given as [20]

L ¼ Z0μ

2 cos θw

�
geðg0eÞēγμPLðRÞeþ gμðg0μÞμ̄γμPLðRÞμ

þ
X
q

ðgqq̄γμPLqþ g0qq̄γμPRqÞ

þ ðgt − gqÞV�
tsVtbs̄γμPL;Rbþ � � �

�
: ð5Þ

The Lagrangian in Eq. (5) is characterized by the following
features:

(i) The up quarks are assumed to be in the mass basis.
The rotation matrix (D) in the down sector is
thus D ¼ VCKM.

(ii) Uð2Þ flavor symmetry in the Z0 coupling to the
quarks. This is essential in obtaining a VCKM-
like scaling in order to satisfy the constraints from
ΔF ¼ 2 processes [21–25].

(iii) Z-Z0 mixing: The mixing could be induced by
vacuum expectation value (vev), kinetic mixing,
or loop induced. Since we attempt to represent a
wide category of Z0 scenarios, we assume a mass

mixing of the form c m2
Z

m2

Z0
where c ∼Oð1Þ. c ¼ 1

FIG. 1. Allowed regions in the C1uC1d plane due to measure-
ments of weak charge of proton (gray) and Caesium (brown). The
central value in the SM is represented by the black point.
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gives a contribution to the Z → ff̄ coupling of the

form gf
m2

z

m2

Z0
, where gf is the Z0-ff̄ coupling. The

constraint on the size of gf for the leptons from
Z–Z0 mixing is particularly strong which translate

into an upper bound on gf as gf
m2

Z
m2

Z0
⪅ 0.001. These

bounds can be relaxed with a custodial symmetry
with custodial fermions [26–28]. Alternately,
this mixing could be also induced at loop level
[20] or a kinematic mixing with a small mixing
parameter [29], enabling a relaxation of the con-
straints. In order to represent a significant fraction of
Z0 scenarios, in this analysis we choose gf for the

leptons such that gf
m2

Z
m2

Z0
is at most ∼0.001.

For a study of the implications of these measurements on the
B anomalies fits, we will consider the extreme possibility
where the NP couples solely to the electron. While this
assumption is extreme and specific, it serves to address the
following: at the moment, the verdict is yet to be out
on the pattern of the B anomalies in terms of the coupling
of NP to electrons and muons. Instead of proceeding with an
analysis involving both the leptons for the anomaly, we seek
to answer towhat extent can one go in terms of the coupling of
theNP to the electrons. This would then serve as a hard upper
boundeven in an analysiswhereboth the leptons are involved.
However, we also provide an insight on the impact of these
measurement on the combined fits involving both the leptons.
One-dimensional fits involving electron on the basis of

Eq. (1) were considered in [10] and will constitute the
starting point for the analysis. The results of the fit for
different combinations of quark and lepton (electron)
chirality are given in Table. I.
We fit the Wilson coefficients for the anomalies at B

meson scale and determine the correlation between the
different couplings. This correlation between the couplings
gq, ge is then used to compute its effects on the C1q which
are determined at q2 ¼ 0.
In Table I, we assume the WC due to the muon to be

negligible. In addition, we consider the dominance of one
operator at a time. Corresponding to Table I, we discuss
each of the possibilities below.

C. Case A (g0e = 0)

The lepton singlets are assumed to couple with a
vanishing strength in Eq. (5). Assumption of a Uð3Þ

symmetry in the coupling of the quark singlets to the Z0
results in the absence of corresponding tree level FCNC.
Thus, the most dominant NP operator contributing to
b → sll is OLL with the corresponding Wilson coefficient
CLL given as

CLL ¼
ffiffiffi
2

p
πgeðgt − gqÞ

4cos2θWm2
Z0GFα

: ð6Þ

To extract the corrections to C1q, just two quantities are
required: vector coupling of light quarks (gqV) and axial
vector coupling gAVe of electron to Z0. Assuming a L ↔ R
symmetry in the coupling of light quarks to Z0, we get
gqV ¼ gq. On the other hand, the axial vector coupling of the
electron is simply gAVe ¼ ge=2. Using this, the coefficients
C1q get corrected as

Ceff
1q ¼ CSM

1q þ 2v2gegq
8cos2θWm2

Z0
: ð7Þ

To represent a wide category of Z0 models, we choose a
broad range for the values of the fermion couplings,

ge ∈ ½0.02; 2� gt ∈ ½0.02; 2� gq ∈ ½0.02; 2�: ð8Þ

While the ranges are general, care is taken to be consistent
with different precision data. The upper bound for the other
coupling is chosen so as to be consistent with an ∼Oð1Þ
parametrization as well as being within the perturbativity
bound of g2=4π ≤ 1. As we shall see below, the results do
not depend on the upper limit of the numerical scans.
Note that the coefficient of the effective operator in Eq. (5)

contributing to C1q is simply gegq=M2
NP. The combined

measurements in [13] lead to an upper bound on
MNP=ð ffiffiffiffiffiffiffiffiffigegq

p Þ > 8.4 TeV. Thus, the scale can be inverted
to get the upper bound on this coefficient of the four-fermi
operator to be 1=8.42 ∼ 1.41 × 10−8 GeV−2. Now, consider
the coefficient of the four-fermi operators contributing to the
anomalies. From the best fit for the Wilson coefficients
CLL ≃ 1, we get CLL

GFαffiffi
2

p
π
∼ 10−8 GeV−2. Thus, the four-

fermi operators corresponding to both the parity violation
experiments and the anomalies have a similar sensitivity to
NP. This would ordinarily imply that parity violation
experiments would not have a drastic effect on the solution
to the anomalies. However, it is interesting to note the
implications of this observation on the individual couplings
of the Z0 to the fermions. There are two things to be
considered at this point.

(i) The size of the difference ðgt − gqÞ in Eq. (6) is
independent of the individual sizes of gt and gq. The
only observable constraining the size of ðgt − gqÞ is
the ΔF ¼ 2 observable. Thus, a small gt and gq
would give the same effect as a comparatively larger

TABLE I. 2σ ranges used for the fits to Wilson coefficients in
the case where only electron couples to new physics [10].

Operator Best fit 2σ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
χ2−χ2SM

p
Case A (s̄LγμbL) (ēLγμeL) 0.79 [0.29, 1.29] 3.5
Case B (s̄LγμbL) (ēRγμeR) −3.31 [−4.41, −2.21] 3.8
Case C (s̄RγμbR) (ēRγμeR) −3.32 [−4.72, −1.92] 2.7
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gt and gq. This is clearly illustrated in the left plot
of Fig. 2.

(ii) In the same plane of gt, gq, the right plot gives
contours of CLL

GFαffiffi
2

p
π
(in GeV−2) extracted from the

four-fermi operators for the anomaly. Note that the
contours have the same order of magnitude which is
expected for the explanation of the anomaly. The
difference in the values of the contours corresponds
to the 2σ range for CLL which are a function of gq,
ge, gt. As expected, there is no explicit dependence
on gt, gq.

Now, we move to the computation of g2=Λ2 from the
parity violation experiments. Note here g2 ¼ gegq. Using
the values which satisfy the anomaly, we plot contours of
gegq=M2

Z0 in the ge − gq plane in Fig. 3. Note the difference
between the left and the right plots. While the parameter
space of ge is unaffected, the corresponding range of gq
changes on account of the imposition of the parity violation
constraints. This effect on the couplings due to the parity
violation experiments is mainly due to the fact that the
corresponding coefficient is bilinear in gegq. Thus, a large
gq (and correspondingly gt) is prohibited.
A visual representation of the effect of the parity

violation experiments on the solution to the anomalies is
presented in the left plot of Fig. 4. Note that a only a small
subset of the solutions is admissible by the constraints from

parity violation experiments. As shown in the right plot of
Fig. 3, the parameter space of the light quark coupling gq
(and correspondingly gt) is affected. This can be further
quantified by the definition of the following variable:

CDFðxÞ ¼
Z

x

−∞
PðxÞdx: ð9Þ

This can be understood as follows: corresponding to a
given set of solutions X, for any given point on the x axis,
the CDF expresses the percentage of solutions in X such
that X ≤ x. CDF ¼ 1 for a given xa implies all solutions
satisfy X ≤ xa. The right plot of Fig. 4 gives the CDF for
the light quark coupling gq. The uniform increase in the
CDF for the blue curve is indicative of the fact that the
range [0, 1.8] is admissible. The red curve on the other hand
corresponds to the case when the limits from parity
violation experiments are imposed. It rises rapidly and
reaches ∼1 at around gq ∼ 0.23 which corresponds to the
maximum allowed value. Note that the case gq → 0 is
admitted by the anomaly solutions as well as the parity
violation data. It represents the limiting case Ceff

1q ≃ CSM
1q .

This bound will have implications for the direct production
cross sections and will be discussed later.

D. Case B ge = 0

We now consider the other extreme possibility where
only the electron singlets couple to Z0. As seen in Table I,
this case gives the best fit of the three cases considered. The
Wilson coefficient in this case is given as

CLR ¼
ffiffiffi
2

p
πg0eðgt − gqÞ

4 cos2 θWm2
Z0GFα

: ð10Þ

From the fits in Table I, it is important to note that the sign
is reversed relative to Case A. Considering an implemen-
tation of the coupling ranges similar to Case A, the negative
value is only possible for gq > gt. For the estimation of
corrections to C1q, it is important to note that unlike the
earlier case, only the right-handed electron current couples
to new physics. Thus, corresponding axial vector electron

FIG. 2. The left plot gives the correlation in the gt − gq plane
for the anomalies. The right plot gives contours (in GeV−2)
extracted from the anomaly coefficient as a function of gq, gt.

FIG. 3. Contours of gegq=M2
Z0 in the ge − gq plane. The left plot

corresponds to all values of ge, gq which satisfy the B anomaly,
while the right plot is limited to constraints from parity violation
experiments.

FIG. 4. Results with electron only fits for Case A. The left plot
gives the projection on the C1u − C1d plane, while the right plot
represents the changes in the range for gq. The blue (orange)
curve represents the CDF before (after) the imposition of parity
violation constraints.
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current coupling is simply gAVe ¼ −g0e=2. For the light
quark case, we first begin with the assumption of L↔R
symmetry: gq ¼ g0q. Thus, the coefficients C1q are given as

C1q ¼ CSM
1q −

2v2g0egq
8cos2θWm2

Z0
: ð11Þ

The results are illustrated in the top left plot of Fig. 5.
Unlike Case A, the limiting case does not reduce to the SM,
as seen in the top left plot of Fig 5. This is a consequence of
the fact that for the solutions to the anomalies, the Wilson
coefficients are negative. They are proportional to ðgt − gqÞ
where gq > gt. Thus, gq → 0 is not permitted. However,
these solutions are not compatible with the constraints from
low-energy physics. Thus, the best fit scenario as per
Table I is not admissible in a simple realization of Z0. The
large contributions to C1q are due to the relative strength of
gq and the fact that gVq ¼ gq. If we assume gq ⋙ g0q, i.e., no
L → R symmetry, then gVq ¼ gq=2 and the coefficients C1q

now get corrected as

C1q ¼ CSM
1q −

2v2g0egq
16cos2θWm2

Z0
: ð12Þ

The corresponding results are now shown in the top right
plot of Fig. 5. The agreement with the constraints from Qp

W
andQCs

W is due to the reduction of the numerical value of gVq
with respect to the case with L ↔ R symmetry for the light
quarks. A coupling structure of this form can be arranged
for instance in a warped framework where the doublets are
more composite than the singlets. It has to be noted in this
case that the minimum right-handed electron coupling

to Z0 (g0e) is at the edge of g0e
m2

Z
m2

Z0
≃ 0.001. A minor departure

from Oð1Þ mixing would easily accommodate such
couplings [30].

E. Case C

This case is characterized by the presence of tree level
FCNC due to the nonuniversality in the coupling of the
quark singlets. The doublets are assumed to couple uni-
versally to Z0. With the assumption that the right-handed
rotation matrixDR has a VCKM-like structure, then this case
is numerically similar to that of B. The only difference

being that a requirement of consistency with parity viola-
tion data would necessitate g0q ⋙ gq in this case.

II. COLLIDER IMPLICATIONS

The solutions consistent with the constraints from low-
energy parity violation also have an interplay with direct
searches. We discuss this correlation in the context of the
cases discussed above:

A. Case A

In this scenario, the limiting case being the SM (gq → 0),
strong upper bounds were obtained on the value of gq and
hence the Z0 production cross section. It will be interesting
to compare it with the bound from direct searches. In a Z0
model with coupling to electrons, there exists strong limits
from direct searches for both ATLAS [31] and CMS [32].
For instance, for a 3 TeV resonance decaying into ee, there
is an upper bound on σ × B:R: < 0.5 fb. Since the sol-
utions to the anomalies correlate the coupling of the light
quarks to those of the third generation as well as leptons,
upper bounds on gq and correspondingly σZ0 can be
obtained and compared with those obtained from direct
searches. In the first instance, we assume 100% branching
fraction in the electrons. Consider the case where the
coupling to the muons is zero. The left plot of Fig. 6 gives
the change in the magnitude of light quark coupling
for a 3 TeV resonance with the current (blue) and
with 10% improvement in the measurement of QCs

W .
The corresponding changes in the cross sections are given

FIG. 5. Results with electron only fits for Case B. The left plot
corresponds to the case gq ¼ g0q, while the right corresponds
to gq ⋙ g0q.

FIG. 6. Top: left plot gives the change in gq with 10%
improvement in QCs

W for a 3 TeV mass. The right plot gives
the computation of the maximum allowed cross section with
current (red) and after (pink dotted) improvement of QCs

W .
Bottom: the plots illustrate the reach for a 10 TeV resonance.
The left gives the signal sensitivity as a function of the integrated
luminosity using the current bounds for parity-violating experi-
ments. The right plot gives the corresponding regions in the
gq − ge space that can be probed at 3 ab−1 with shading
representing the corresponding sensitivity.
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in the right plot of Fig. 6 for different masses which give the
upper bound on σZ0 for different benchmark masses. The
upper bound on σ × BðZ0 → eeÞ for the corresponding
masses is given by the solid black line corresponding to the
values extracted from [31].1 The significance of this result
lies in the fact that even with an unrealistic assumption of
100% branching fraction into electrons, a mild improve-
ment in the atomic parity violation sensitivity could be
comparable with the bounds from direct searches. If one
assumes a SM-like branching fraction of 3% into electrons,
the current sensitivity is roughly compatible with the direct
searches for masses 3 TeV and higher. Improvements by
∼10% are illustrated by the dotted pink line, thereby
resulting in even better sensitivities. The upper bound on
the computed cross section (σZ0) for masses ≥3.9 TeV is
better than those obtained from direct searches where the
bounds are computed on the variable σBðZ0 → eeÞ. Thus,
in a given model with a known BðZ → eeÞ, the bound from
QCs;p

W can accommodate only smaller values of σB than
those allowed by direct searches. LHC is also sensitive to
probing nonresonant NP effects by exploring event multi-
plicity at the tail of the dilepton pT spectrum [33]. As an
illustration, we consider a nonresonant 10 TeV Z0 produc-
tion and explore the event multiplicities in the regime
pT > 900 GeV.2 Using the CMS card of DELPHES 3 [37],
we extract events with two isolated electrons, with the
leading electron satisfying pT > 900 GeV. The events are
then distributed into bins of size 100 GeV each and we
compute the following variable [38]:

Z ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX
i

�
2ðsi þ biÞ log

h
1þ si

bi

i
− 2si

�s
; ð13Þ

where siðbiÞ are the signal(background) events in the ith
bin. The variable Z is a measure of the signal sensitivity
over the background expectation and is sensitive to the
differences in events in individual bins. The bottom left plot
of Fig. 6 gives the signal discovery significance over the
background as a function of the integrated luminosity. It
clearly illustrates the sensitivity of the LHC in probing the
tail of the pT distribution. The right plot gives the parameter
space of couplings that can be probed at 3 ab−1. The shaded
regions indicate the corresponding signal sensitivity. A
correlation between parity-violation physics and such
indirect signatures would be interesting as a future exercise.
Constraints from low-energy physics also have implica-

tions for the partial decaywidth of theZ0 into fermions. Note
that in most models Z0 → tt̄ constitutes the most likely
channel for discovery. As shown in the top bottom right plot

of Fig. 5, the allowed top-quark coupling to Z0 also reduces
after the bounds fromweak charge measurements. It is to be
noted that the electron coupling does not change drastically
before and after the imposition of the parity-violating
constraints. After the imposition of the latter, the branching
fraction into tt̄ becomes comparable to that of ee.

B. Case B (and C)

This scenario is distinctly different from Case A owing to
the opposite sign of the Wilson coefficients as required by
the B anomalies. As a result, the coupling to the light
quarks gq is always greater that gt. In this case, the features
of the branching fraction into a top-quark pair can be
classified into the following two categories:
(1) L ↔ R symmetry for the top couplings: With the

assumption of gtL ¼ gtR and with ge > gtL;R, it will result in a
comparatively lower branching fraction into a top-quark
pair. Thus, leptons are likely to constitute the most likely
discovery mode.
(2) gtL < gtR for Case B: Since the flavor diagonal

coupling of the top singlets is a free parameter, one can
also accommodate a larger value of its coupling. This
results in the possibility of a larger branching fraction
compared to scenario 1. A similar argument also applies to
Case C with the difference that the coupling of the top
doublets is a free parameter and one can accommodate
gtL > gtR. A large deviation between the coupling of the two
chiralities will also result in a forward backward asymme-
try. However, updated analysis from TEVATRON [39]
would strongly disfavor this scenario.

III. IMPACT OF THE MUON

Thus far we have discussed the implications of the parity
violation experiments on the fits involving only the
electrons. This facilitated a direct interplay between the
two sectors enabling us to draw significant conclusions on
concluding about the validity of electron only solutions to
the anomalies. However, the strong constraints on the
model with the electron only solutions strongly suggest
the addition of the muon contribution to the anomalies.
These measurements could also impact the muon sectors in
scenarios where the fits to the anomalies involve both the
electron and the muon. In order for the parity violation
experiments to have implications on the combined fits, they
must involve the operator Ce

10. The simplest possibility is
the four-dimensional fit considered in [6] which includes
Ce;μ
9 ; Ce;μ

10 . Limits on the range of Ce
10 which has direct

implications on the anomaly will also affect the corre-
sponding ranges for the other operators. The ranges at 2σ
for the combined fits are given below [6].

Cμ
9=C

SM
9 ∈ ½−0.33;0.06� Ce

9=C
SM
9 ∈ ½−2.23;0.74�

Cμ
10=C

SM
10 ∈ ½−0.29;0.14� Ce

10=C
SM
10 ∈ ½−2.60;0.60�; ð14Þ

1For a 4 TeV resonance, we assume σB < 1 fb.
2The model file for the signal is generated using FEYNRULES

[34] and matrix element for the process is produced using
MADGRAPH [35]. We use PYTHIA 8 [36] for the showering and
hadronization.
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where C10
SM ¼ −4.103 C9

SM ¼ 4.211. We begin with the
case where only left-handed lepton currents are involved.
For the model under consideration, Ce

10 is simply related to
CLL as Ce

10 ¼ −CLL=2. From Eq. (14), the range of Ce
10

consistent with the explanation for the anomaly in Eq. (14)
is −2.46 < Ce

10 < 10.66. The left plot of Fig. 7 gives the
changes in Ce

10 for the model under consideration before
and after the imposition of parity violation constraints. The
blue curve is within the acceptable range in Eq. (14), while
the range after imposition of parity violation constraints is
reduced further. The lower negative bound on Ce

10 corre-
sponds to the case where gq > gt and correspondingly
larger values of the difference ðgq − gtÞ are forbidden.
This directly impacts patterns in the correlations between

Ce
10−C

μ
10, C

e
10−Ce

9, C
e
10−C

μ
9. While it may not change the

ranges of themuon operators, it changes the pattern of the fits.
The bounds corresponding to cases with only right-

handed currents are different. This case is characterized by
negative value of Ce

10 relative to the first case. The right plot
of Fig. 7 gives the corresponding changes in Ce

10 for this
case. In this case as well, the upper bound on the value of
Ce
10 corresponds to the scenario where ðgq − gtÞ. An

important advantage of including muons in the fits to
the anomalies is the admissibility of L ↔ R symmetry in
the light quark couplings. As seen in Fig. 5, this symmetry
needed to be broken to reduce the contribution to C1u;1d.
Similar to the earlier case, the constraint on Ce

10 will affect
patterns in the Ce

10 − Cμ
10, Ce

10 − Ce
9, Ce

10 − Cμ
9 space.

However, scenarios with right-handed electron currents
can be more viable with the assumption of contribution of
both leptons to the anomalies.

IV. CONCLUSIONS

Anomalies in the semileptonic decays of the B con-
stitute one of the strongest hints for nonstandard physics.
It can be reconciled with fits to the effective theory by
considering different patterns of coupling of the leptons to
the NP. Focusing on the extreme possibility involving only
the electrons, we attempt the first study of its correlation
with low-energy parity violation data. Working in a
minimal model of Z0, we determine the model parameters
to fits involving different chiralities of quark and lepton
current. Note that irrespective of the chirality of the
electron current used to explain the anomalies, the
solutions are only marginally consistent with the con-
straints from parity violation data. The best fits scenario
with CLR Wilson coefficients is not admissible in a simple
realization of Z0 where the light quarks coupling respect
L ↔ R symmetry. We demonstrate the improvement in
the constraints due to future measurements in QCs

W and
Qp

W , thereby strongly motivating the future directions in
this regard [40]. This will not only serve as complemen-
tary bound to those from direct searches but also serve to
constrain the parameter space corresponding to states
beyond the realm of resonant production of the LHC.
This study hence points toward the inference that an
additional muon contribution is necessary which ameli-
orates the constraints from the parity violating experi-
ments. We observe that while the inclusion of the muon
ensures a greater degree of consistency with these experi-
ments the pattern of the correlation changes. A detailed
four-dimensional fit in this context will be reserved for a
future study.
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