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The recently updated measurement of the W -boson mass by the CDF collaboration exhibits a 7σ
deviation from the SM expectation, which may imply a sign of new physics beyond the SM. The observed 
discrepancy could be explained by new fermions that carry the electroweak gauge charges and affect the 
vacuum polarization of gauge bosons. Notably, if the new fermions also have the same quantum numbers 
as of the SM quarks, they can mix with the latter and thus modify the penguin diagrams governing the 
b → s�+�− transitions. Therefore, the W -boson mass shift could be related to the b → s�+�− anomalies 
observed by the LHCb collaboration during the past few years. To investigate this possibility, we consider 
in this letter a model containing a vector-like top partner gauged under a new U (1)′ symmetry. It 
is found that the latest CDF mW measurement and the b → s�+�− anomalies can be simultaneously 
accommodated at 2σ level.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The Standard Model (SM) of particle physics has been remark-
ably successful in explaining most phenomena observed in ex-
periments [1]. After the discovery of the Higgs boson [2,3], one 
important goal of the Large Hadron Collider (LHC) and its high-
luminosity upgrade is the direct searches for new phenomena be-
yond the SM [4]. While the LHC has not yet discovered any direct 
evidence of new physics (NP) beyond the SM, several interest-
ing deviations from the SM predictions have been emerging from 
the precision measurements, such as the anomalies observed in 
b → s�+�− processes [5–7].

In the field of precision measurements, the electroweak (EW) 
precision observables have played an important role in establish-
ing the structure of the EW sector of the SM and can provide a 
sensitive probe of NP [8–10]. Recently, using the complete dataset 
collected by the CDF II detector at the Fermilab Tevatron, cor-
responding to 8.8 fb−1 of integrated luminosity, the CDF collab-
oration has reported an updated measurement of the W -boson 
mass [11]

mCDF
W = 80.4335 ± 0.0064stat ± 0.0069syst GeV. (1)
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Interestingly, such a high precision measurement shows a 7σ devi-
ation from the SM expectation obtained by a global EW fit, mSM

W =
80.357 ± 0.006 GeV [1]. The latest CDF result also shows a signifi-
cant shift compared to the average of the previous measurements 
from LEP, CDF, D0 and ATLAS, mPDG

W = 80.379 ± 0.012 GeV [1], as 
well as the LHCb measurement, mLHCb

W = 80.354 ± 0.031 GeV [12]. 
If confirmed by future measurements, the discrepancy could imply 
a sign of NP beyond the SM and has motivated numerous studies 
of the phenomenological implications of such a marvellous mea-
surement (see, e.g., refs. [13–39]).

The latest CDF W -boson mass shift could be induced by new 
fermions, which carry the EW gauge charges and contribute to 
the vacuum polarization of gauge bosons [40–45]. Notably, if the 
new fermions also have the same quantum numbers as of the 
SM quarks, they can mix with the latter and thus modify the γ -
and Z -penguin diagrams that govern the flavour-changing neutral-
current (FCNC) b → s transitions. Therefore, the observed discrep-
ancy of the latest CDF mW measurement could be related to the 
b → s�+�− anomalies observed by the LHCb collaboration [46–50]. 
To investigate this possibility, we consider in this letter the NP 
model introduced in ref. [51]. Specifically, the model is character-
ized by a vector-like top partner with an additional U (1)′ gauge 
symmetry, where the top quark and the top partner have the same 
quantum numbers under the SM gauge symmetry, while only the 
latter is charged under the U (1)′ symmetry. Similar models have 
been investigated, e.g., in refs. [52–58].
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This letter is organized as follows. In section 2, we introduce 
the NP model. In section 3, the top-partner contributions to the 
W -boson mass shift and the oblique parameters S , T and U are 
investigated. In section 4, we consider and compute the NP contri-
butions to the b → s�+�− transitions. In section 5, we first derive 
the constraints on the model parameters from the global EW fit 
in view of the latest CDF mW measurement, and then investigate 
the possibility of simultaneously explaining the observed W -boson 
mass shift and the b → s�+�− anomalies. Our conclusion is finally
made in section 6. Details on the b → s�+�− fit are given in the 
appendix.

2. Model

As mentioned in the last section, to simultaneously accom-
modate the latest CDF W -boson mass shift and the b → s�+�−
anomalies, the new fermions contributing to the vacuum polariza-
tion of gauge bosons should have the same quantum numbers as 
of the SM quarks. To this end, one simple realization is the Z ′
model introduced in ref. [51]. The model is characterized by a 
new U (1)′ gauge symmetry that is spontaneously broken by the 
vacuum expectation value (vev) of a new scalar field �, trans-
forming as (1, 1, 0, qt) under the SU (3)C ⊗ SU (2)L ⊗ U (1)Y ⊗ U (1)′
gauge symmetry. While all the SM fields do not carry U (1)′ charge, 
a coloured singlet vector-like top partner U ′

L,R , transforming as 
(3, 1, 2/3, qt), is introduced in the model. Specific to the case 
where only the third-generation SM quarks mix with the top part-
ner, the general renormalizable interactions take the form [51,57]

Lint =(
λH Q̄ 3L H̃u3R + λ�Ū ′

Lu3R� + μŪ ′
L U ′

R + h.c.
)

+ qt gt
(
Ū ′

Lγ
μU ′

L + Ū ′
Rγ μU ′

R

)
Z ′
μ, (2)

where qt and gt denote the charge and coupling of the U (1)′
gauge symmetry, respectively. Q 3L = (u3L, d3L)

T and u3R denote 
the third-generation left-handed quark doublet and right-handed 
quark singlet in the SM, respectively. Matter fields in the above 
Lagrangian are all given in the interaction eigenbasis.1 Mixing of 
T with the first two generations is also allowed, but suffers from 
severe experimental constraints as discussed in refs. [59,60]. There-
fore, as in refs. [51,57], such mixing is assumed to be small com-
pared to the mixing with the third generation and is neglected. 
Furthermore, this assumption can be considered as a consequence 
of a (approximate) U (2) symmetry [61–63] or underlying strongly-
interacting dynamics [51,61]. For simplicity, the scalar potential 
and the interaction between Z ′ and � are suppressed here.2

After the U (1)′ and the EW symmetry breaking, where the vevs 
of the two scalar fields are given respectively by 〈�〉 = v�/

√
2 and 

〈H〉 = v H/
√

2 	 174 GeV, both the SM fermions and the top part-
ner as well as the Z ′ boson obtain their masses. By diagonalizing 
the mass matrix, the physical top quarks (tL , tR) and its partners 
(T L, T R) can be expressed in terms of the fermion fields in eq. (2)
through the following rotation matrices [57]:(

tL

T L

)
=

(
cos θL − sin θL

sin θL cos θL

)(
u3L

U ′
L

)
, (3)

1 We choose the basis where the up-type Yukawa matrix is diagonal in the SM 
flavour space. In this basis, the first two generations coincide with their mass eigen-
states. Thus, when diagonalizing the mass matrix, only the rotation between u3 and 
U ′ is needed in the up sector, and the CKM is defined by the rotation among down-
type quarks. See refs. [59,60] for more details.

2 Generally, the potential contains the term λH† H|�|2, which induces the mix-
ing between the Higgs and the scalar �. Thus, the Higgs couplings are universally 
reduced and the oblique parameters should also be affected. In this work, as in 
ref. [51], the coupling λ is assumed to be small so that these effects can be ne-
glected.
2

(
tR

T R

)
=

(
cos θR − sin θR

sin θR cos θR

)(
u3R

U ′
R

)
, (4)

where the mixing angles θL and θR parameterize the rotation ma-
trices of the left- and right-handed quarks, respectively. In terms 
of the physical parameters, the top-quark mass mt , the top-partner 
mass mT , as well as the Z ′-boson mass mZ ′ = gt v� , the two mix-
ing angles are related to each other through

tan θL = mt

mT
tan θR , (5)

with mt and mT determined, respectively, by

λH = cos θL

cos θR

√
2 mt

v H
,

|λ�| = gt |cos θL sin θR |
√

2mT

mZ ′

(
1 − m2

t

m2
T

)
. (6)

Turning to the fermion mass eigenbasis, the explicit expressions 
of the gauge interactions involving the top quark and the top part-
ner can be written as [51,57]

Lγ = 2

3
et̄ /At + 2

3
eT̄ /AT , (7)

LW = g√
2

Vtdi

(
cLt̄ /W P Ldi + sL T̄ /W P Ldi

) + h.c. , (8)

LZ = g

cW

(
t̄L, T̄ L

)(
1
2 c2

L − 2
3 s2

W
1
2 sLcL

1
2 sLcL

1
2 s2

L − 2
3 s2

W

)
/Z

(
tL

T L

)

+ g

cW

(
t̄R , T̄ R

)(
− 2

3
s2

W

)
/Z

(
tR

T R

)
, (9)

LZ ′ = qt gt
(
t̄L, T̄ L

)(
s2

L −sLcL

−sLcL c2
L

)
/Z ′

(
tL

T L

)

+ (L → R) , (10)

where sL,R = sin θL,R , cL,R = cos θL,R , and sW = sin θW with the 
Weinberg mixing angle θW ; di stand for the down-type quarks 
d, s, b, g denotes the SM weak coupling constant, and Vtdi are 
the CKM matrix elements. In eq. (8), Vtdi arise from the rotation 
among the left-handed down-type quarks, while cL and sL from 
the rotation in eq. (3). The Yukawa interactions of the physical SM 
Higgs h with the top quark and the top partner are given by

Lh = − mt

v H
cL

(
t̄L, T̄ L

)(
cL cL tan θR

sL sL tan θR

)
h

(
tR

T R

)
+ h.c. (11)

The quark sector of this model is similar to the generic vector-like 
quark models, which have been extensively studied in the litera-
ture [59,60,64–72].

Assuming that the effective Z ′ couplings to the charged leptons 
are flavour diagonal and focusing only on its interaction with the 
muon, we can then write the general renormalizable μ+μ− Z ′ ver-
tex as [51,57,73]

Lμ = μ̄/Z ′ (gL
μ P L + g R

μ P R

)
μ, (12)

where the effective couplings gL
μ and g R

μ depend on the spe-
cific UV completions. Generally, extra chiral or vector-like fermions 
should also be added to make the UV models anomaly-free. For 
example, vector-like leptonic partners are introduced in ref. [74]. 
In this letter, since we only concentrate on the possible connection 
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Fig. 1. One-loop Feynman diagrams for the b → sμ+μ− transitions, corresponding to the W -box, as well as the γ -, Z -, and Z ′-penguin contributions, respectively.
between the latest CDF W -boson mass shift and the b → sμ+μ−
anomalies, details of the lepton sector are not so much relevant. 
Thus, as in refs. [51,57,73], we shall consider the general effective 
μ+μ− Z ′ interaction and leave the complete UV completions for 
future work.

3. W -boson mass shift and oblique parameters

The global fit of the SM to the EW precision data, known as 
the global EW fit [8–10], is a powerful tool to explore the valid-
ity of the SM and provides also a sensitive probe of NP beyond 
it [75–78]. As the EW parameters of the SM are closely related 
to each other, it is generally expected that some observables in 
the global EW fit may be affected once the latest CDF mW mea-
surement is considered [13–17]. Most of the NP effects on the EW 
sector can be parameterized in terms of the oblique parameters S , 
T and U [79–81]. These parameters are in turn related to the NP 
contributions to the vacuum polarization of gauge bosons and can 
be written, respectively, as [79,80]

S = 4s2
W c2

W

α

[
	Z Z

(
m2

Z

) − 	Z Z (0)

m2
Z

− c2
W − s2

W

sW cW
	′

Zγ (0) − 	′
γ γ (0)

]
, (13)

T = 1

α

[
	W W (0)

m2
W

− 	Z Z (0)

m2
Z

]
, (14)

U = 4s2
W

α

[
	W W

(
m2

W

) − 	W W (0)

m2
W

− cW

sW
	′

Zγ (0) − 	′
γ γ (0)

]
− S , (15)

where 	XY denotes the NP contribution to the vacuum polariza-
tion of the gauge bosons with X, Y = W , Z , γ , cW = cos θW , and 
α is the fine structure constant. Then, the W -boson mass shift in-
duced by the oblique corrections can be expressed as [79]


m2
W = αc2

W m2
Z

c2
W − s2

W

[
− S

2
+ c2

W T + c2
W − s2

W

4s2
W

U

]
. (16)

Thus, to make an explanation of the discrepancy between the lat-
est CDF mW measurement and the SM expectation, one needs a 
global EW fit to the oblique parameters S , T and U , which encode 
the potential NP effects.

In the model introduced in section 2, extra contributions to 
the vacuum polarization of gauge bosons arise from the modified 
fermion-gauge couplings that are characterized by the mixing an-
gle θL , as well as from the loops involving the top partner (cf. 
eqs. (7)–(10)). Their contributions to the oblique parameters can 
be written as

S = s2
L

12π

[
K1(yt , yT ) + 3c2

L K2(yt , yT )
]
, (17)

T = 3s2
L

16π s2

[
xT − xt − c2

L

(
xT + xt + 2xt xT

x − x
ln

xt

x

)]
, (18)
W T t T

3

U = s2
L

12π

[
K3(xt , yt) − K3(xT , yT )

]
− S, (19)

with xq = m2
q/m2

W and yq = m2
q/m2

Z for q = t, T . Explicit expres-
sions of the loop functions K1,2,3(x, y) are listed in the supple-
mentary material. These results have been calculated in ref. [67]
in a more general case. In the NP model considered, the oblique 
parameters S , T and U are solely determined by the two NP pa-
rameters θL and mT .

In addition, Z − Z ′ mixing, which arise from the top (top part-
ner) loops, could also affect the EW observables. In the model 
considered, we find that the leading contribution results in the 
mixing term Lmix = δm2 Z ′

μ Zμ with

δm2 = 3eqt gt s2
L

32π2sW cW

(
c2

L I L + c2
R I R

)
, (20)

where I L,R depend on mt and mT and are given in the sup-
plementary material. Such a mixing term should contribute to 
the Z → μ+μ− decay, as in the EFT analysis in ref. [82]. Thus, 
strong bounds on the products qt gt gL,R are expected. However, 
as mentioned in section 2, the lepton sector in a UV-complete 
model should contain other NP particles, which may also affect 
the Z → μ+μ− decay. As a consequence, the bounds in a UV-
complete model could be different from the ones in the framework 
with an effective Zμ+μ− coupling. The former could be weaker 
or stronger than the latter, depending on interference between the 
different NP contributions. Thus, to be conservative, bounds from 
the Z − Z ′ mixing will be derived in our numerical analysis, but 
they will not be combined with other constraints.

4. b → s�+�− transitions

The FCNC processes mediated by the quark-level b → s�+�−
transitions, such as the rare decays Bs → �+�− , B → K (∗)�+�− and 
Bs → φ�+�− , can also provide promising probes of potential NP ef-
fects [5–7]. Specific to the model introduced in section 2, the NP 
contributions to the b → s�+�− transitions start at the one-loop 
level, with the relevant Feynman diagrams shown in Fig. 1. Here 
the NP effects can arise from the modified SM box and penguin 
diagrams that are featured by the mixing angle θL , as well as from 
the penguin diagrams involving the top partner and/or Z ′ boson.

By an explicit calculation, we find that these NP contributions 
affect only the Wilson coefficients C9 and C10 in the low-energy 
effective weak Hamiltonian governing the b → sμ+μ− transi-
tions [83]

Heff ⊃ −4G F√
2

Vtb V ∗
ts

α

4π

(
Cμ

9 Oμ
9 + Cμ

10O
μ
10

) + h.c. , (21)

with the four-fermion operators O9 = (
s̄γ μ P Lb

) (
μ̄γμμ

)
and 

O10 = (
s̄γ μ P Lb

) (
μ̄γμγ5μ

)
. Explicitly, the NP contributions to C9

and C10 can be written, respectively, as

CNP
9 = s2

L I1 + s2
L

(
1 − 1

4s2
W

)(
I2 + c2

L I3

)
+ 
C Z ′

+ , (22)

CNP
10 = s2

L

4s2
W

(
I2 + c2

L I3

)
+ 
C Z ′

− , (23)
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with the Z ′-penguin contributions given by


C Z ′
± = (gR ± gL)qt gt

e2

m2
W

m2
Z ′

c2
L s2

R

(
I4 − c2

L

c2
R

I5

)
, (24)

where e = √
4πα is the electromagnetic coupling constant. The 

loop integrals I1−5 are all functions of the masses mt and mT , 
whose explicit expressions can be found in the supplementary ma-
terial. In the limit of θL → 0 or θR → 0, the NP Wilson coefficients 
CNP

9 and CNP
10 will vanish.

Here, the NP contributions to the Wilson coefficients CNP
9 and 

CNP
10 are calculated in the unitary gauge. We implement our com-

putation in two setups by making use of different packages in-
cluding FeynRules [84], FeynArts [85], FeynCalc [86–88],
Package-X [89], as well as some in-house routines. After ex-
panding in terms of the ratio m2

W /m2
T and keeping only the leading 

terms in sR = sin θR , our results are in agreement with those ob-
tained in ref. [57].

5. Numerical analysis

5.1. W -boson mass and global EW fit

As all the three oblique parameters S , T and U could be af-
fected by the NP effects (cf. eqs. (17)–(19)), a global EW fit is 
required to explain the latest CDF mW measurement [11]. To this 
end, several groups have recently updated the global EW fit on the 
S , T and U parameters by including the latest CDF measurement 
of the W -bosn mass [13–17]. Here, we adopt the result obtained 
in ref. [16],3 which is based on the package Gfitter [75–77]. 
The resulting values of the S , T and U parameters as well as the 
correlation matrix read [16]

S = 0.06 ± 0.10,

T = 0.11 ± 0.12,

U = 0.14 ± 0.09,

corr. =
⎡
⎢⎣

1.00 0.90 −0.59

1.00 −0.85

1.00

⎤
⎥⎦ . (25)

As described in section 3, the NP contributions to the S , T and U
parameters depend only on the top-partner mass mT and the mix-
ing angle θL . To avoid large modification of the t̄bW + coupling, 
we require cos θL > 0.9 in the following. This range is also consis-
tent with that derived from the top-Higgs coupling through global 
fits to the SM Higgs properties [52,57]. After considering the con-
straints from the global EW fit, we find that there still exist param-
eter regions allowed at 2σ level, which is shown in Fig. 2. Numer-
ically, cos θL = 0.98 ∼ 0.99 is allowed for 500 < mT < 2000 GeV. 
For comparison, results by considering the EW fit with the average 
for mW which includes the CDF result together with the previ-
ous measurements [17] have been also shown in Fig. 2, where the 
allowed cos θL values become larger. In supplementary material, 
predictions on S , T and U from the allowed regions in Fig. 2 are 
also given.

Such a small mixing angle suppresses the NP contributions 
from the W -box, γ - and Z -penguin diagrams, because they are 
all proportional to sin2 θL , as can be seen from eqs. (22) and (23). 
However, the Z ′-penguin diagrams do not suffer from this suppres-
sion and may affect the b → s�+�− processes, as will be exploited 
in the next subsection.
4

Fig. 2. Allowed parameter space in the (mT , cos θL) plane at 2σ level from the global 
EW fit with the latest CDF measurement of the W -boson mass. Result by consid-
ering the mW average which includes the CDF result together with the previous 
measurements is also shown in the dark region.

5.2. b → s�+�− anomalies

In the model considered, the NP affects only the Wilson co-
efficients C9 and C10 and, in order to find the parameter regions 
required to explain the b → s�+�− anomalies, we perform a global 
fit to b → s�+�− data. Details of the fit are described in the ap-
pendix.

The NP contributions to the b → s�+�− transitions depend on 
the mixing angles θL,R , the top-partner mass mT , the U (1)′ charge 
qt , the Z ′ mass mZ ′ , the t̄t Z ′ coupling gt , as well as the μ+μ− Z ′
couplings gL,R

μ . From eqs. (22) and (23), one can see that the 
Z ′-related parameters always appear as the product qt gt gL,R

μ /m2
Z ′ . 

Thus, without loss of generality, we take in the numerical analy-
sis qt = 1, gt = 1 and mZ ′ = 200 GeV, while keeping the effective 
μ+μ− Z ′ couplings gL,R

μ as free parameters. After considering the 
relation in eq. (5), the independent NP parameters can be chosen 
as (cos θL, mT , gL

μ, g R
μ).

With the 2σ allowed regions of cos θL and mT obtained from 
the global EW fit (cf. Fig. 2), constraints on the NP parameters gL,R

μ

can then be derived from the b → s�+�− processes. In Fig. 3, we 
show the allowed regions of (gL

μ, g R
μ) for mT = 500, 1000, 1500, 

2000 GeV, respectively. It can be seen that, even after consider-
ing the latest CDF measurement of the W -boson mass, the model 
introduced in section 2 can still accommodate the b → s�+�−
anomalies. For a Z ′ boson with mass of hundreds of GeV, its cou-
plings to the top and the muon are both less than O(1), being 
therefore safely in the perturbative region. Taking qt = 1 and con-
sidering the perturbativity bound gt,L,R ≤ 4π , upper bounds on 
the Z ′ mass can be obtained as mZ ′ ≤ 7.0, 12.7, 17.2, 20.9 TeV for 
mT = 0.5, 1.0, 1.5, 2.0 TeV, respectively. In Fig. 3, ranges of the ra-
tio gR/gL are almost the same for different mT and are found to be 
−0.4 < gR/gL < 0.7 in the 2 σ allowed region, which corresponds 
to −7 < CNP

9 /CNP
10 < −0.4 (−6.3 for the best-fit point).4 Further-

more, the allowed regions shrink dramatically as mT is increased. 
The reason is that, for heavier top partner, the Wilson coefficients 
CNP

9,10 are enhanced by larger cos θL and sin θR (cf. Fig. 2 and eq. (5)) 
as well as the (mT /mW )2 terms (cf. eq. (24)).

3 It is found that using the global EW fit performed in ref. [17] with the package
HEPfit [90] does not make substantial changes to our numerical results.

4 Recently, CMS announced their measurements B̄(Bs → μ+μ−) =(
3.83+0.38+0.19+0.14

−0.36−0.16−0.13

) × 10−9 corresponding to an integrated luminosity of 
140 fb−1 [91]. After including it, the world average becomes more consistent 
with the SM prediction, thus making the b → s�+�− fit favour the case of 
CNP

9  CNP
10 or single CNP

9 [92].



X.Q. Li, Z.J. Xie, Y.D. Yang et al. Physics Letters B 838 (2023) 137651

Fig. 3. Constraints on the effective μ+μ− Z ′ couplings (gL
μ, gR

μ) by the b → s�+�− processes, in the 2σ allowed regions of the (cos θL , mT ) plane obtained from the global 
EW fit with the latest CDF mW measurement. The allowed regions are shown in red (1σ ) and black (2σ ) for mT = 500, 1000, 1500, 2000 GeV, respectively. Here, without 
loss of generality, qt = 1, gt = 1 and mZ ′ = 200 GeV have been taken. For comparison, constraints from the Z → μ+μ− decay induced by the Z − Z ′ mixing are also shown 
in the dark region.

Fig. 4. NP contributions to the cross sections of pp → μ+μ− + X (left) and pp → tt̄tt̄ (right), and 95% C.L. upper bounds from the CMS experiment [93,94]. The lines 
correspond to the benchmark points (See text for more details.) at mT = 1000, 1500 and 2000 GeV.
We also derive the constraints from the Z → μ+μ− decay in 
the presence of the Z − Z ′ mixing, as in ref. [82], which are shown 
in Fig. 3. However, as mentioned in section 2, such constraints 
could be quite different in a UV-complete model for the lepton 
sector. Thus, they are not combined with the constraints from the 
b → s�+�− fit.

5.3. Collider searches

Direct searches for single and pair productions of the vector-
like top partner have been performed at the LHC, and strong 
bounds on the mass and mixing angle of the top partner have 
been derived [71,95–97]. However, most of these searches as-
sume that the top partner decays exclusively into the SM par-
ticles, i.e., T → bW /t Z/th. Then, mT below 1.3 TeV is excluded, 
which applies for the case of mZ ′ > mT . However, in the range 
mZ ′ < mT − mt , T → t Z ′ channel is open and could relax the con-
straints from these direct searches [98–100].

In the model considered, the Z ′ boson couples exclusively to 
the top quark and the top partner. Collider phenomenologies of 
such a top-philic Z ′ have been investigated in refs. [51,54–57]. The 
Z ′ → μ+μ− decay makes the dimuon resonance searches [94,101]
sensitive to this scenario. In addition, searches for multi-top final 
states [93,102] could also provide important constraints [57]. In 
order to estimate the collider constraints, we fix mZ ′ = 500 GeV, 
m� = 150 GeV, qt = 1, and gR = 0. In the allowed regions 
in Fig. 2 and Fig. 3, three benchmark points are chosen with 
(mT , sin θL, gL gt) = (1.0 TeV, 0.988, 0.72), (1.5 TeV, 0.993, 0.54), 
and (2.0 TeV, 0.994, 0.35). For the dimuon resonance search, the 
cross section is estimated by σ(pp → T T̄ ) · 2 ·B(T → t Z ′) ·B(Z ′ →
μ+μ−). Predictions for each benchmark point are shown as a 
function of gL/gt in Fig. 4. In this figure, we also show the NP 
contributions to σ(pp → tt̄tt̄), which is estimated by σ(pp →
5

tt̄ Z ′) ·B(Z ′ → tt̄). It can be seen that the collider constraints yield 
lower bounds on the ratio gL/gt , whose values are 1.5-3.2 de-
pending on mT . Different from the effective Z ′μ+μ− coupling, as 
mentioned in section 2, Z ′ boson could couple to τ , ν and NP 
particles in a UV-complete model. Thus, B(Z ′ → μ+μ−) could be 
suppressed and the above collider bounds can be relaxed. A com-
plete analysis of the collider searches may provide interesting 
constraints, which is the focus of our future work. See supplemen-
tary material for the relevant formulae used in the above analysis.

6. Conclusion

The latest CDF measurement of the W -boson mass shows about 
7σ deviation from the SM expectation obtained by a global EW fit. 
We have pointed out that the latest CDF mW measurement and 
the b → s�+�− anomalies could be simultaneously accommodated 
by introducing additional fermions, which have the same quantum 
numbers as of the SM quarks. As a simple example, the model in-
troduced in ref. [51], which is characterized by a vector-like top 
partner with an additional U (1)′ gauge symmetry, is considered. 
We have calculated its contributions to the oblique parameters 
S , T and U in the global EW fit as well as the Wilson coeffi-
cients C9 and C10 in the b → s�+�− transitions. Our numerical 
results show that the top-partner loops in the vacuum polariza-
tion of gauge bosons can explain the latest CDF mW measurement 
and, at the same time, the Z ′-penguin diagrams involving the top 
partner can account for the b → s�+�− anomalies. Both the Z ′ bo-
son and the top partner can be as light as of a few hundreds of 
GeV and thus may be accessible at the LHC Run III and its up-
grade. Therefore, our work has demonstrated that the latest CDF 
W -boson mass shift could be related to the b → s�+�− anomalies, 
which is expected to inspire more complete model buildings for 
unified theories containing new fermions.
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7. Note added

As this letter was being finalized, refs. [40–45,103] appeared 
that also consider possible explanations of the latest CDF mW mea-
surement with vector-like top partners.
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Appendix A. b → s�+�− global fit

In the b → s�+�− global fit, as in refs. [92,104–106], we 
consider the following experimental data: 1) branching ratios of 
the decays B → Kμ+μ− [107], B → K ∗μ+μ− [107–110], Bs →
φμ+μ− [111], �b → �μ+μ− [112], B → Xsμ

+μ− [113], and 
Bs → μ+μ− [114]. 2) angular distributions in B → Kμ+μ− [108,
115], B → K ∗μ+μ− [49,50,109,116–118], Bs → φμ+μ− [119], 
and �b → �μ+μ− [120] decays. 3) LFU ratios R K (∗) [46–48,121–
125]. See supplementary material for their experimental values in 
each q2 bin.

In the fit, following the approach in ref. [126], we construct a 
likelihood function that only depends on the Wilson coefficients as

−2 log L(C) = xT (C)
[
V exp + V th(θ)]−1x(C),

with xi(C) = Oexp
i − Oth

i (C, θ). Here, Oexp
i and Oth

i denote the 
central values of the experimental measurements and the theo-
retical predictions, respectively. They depend on the Wilson co-
efficients C and the input parameters θ . V exp is the covariance 
matrix of the experimental measurements, while V th denotes the 
covariance matrix of the theoretical predictions, which contains 
all the theoretical uncertainties and their correlations. Approxi-
mately, V th is evaluated with the Wilson coefficients C fixed to 
their SM values. Furthermore, the theoretical uncertainties are ap-
proximated as Gaussian and obtained by randomly sampling the 
observables with the input parameters θ distributed according to 
their probability density functions. Finally, the 
χ2 function can 
be written as 
χ2(C) = −2 log L(C)/Lmax, where Lmax denotes the 
maximum of L at different values of the Wilson coefficients. We 
refer to refs. [126–128], for more details on the fit methodology. 
Our global fit is performed by using an extended version of the 
package flavio [127]. See refs. [92,129–132] for the latest global 
fits by other groups, as well as ref. [133] for the fit by the package
smelli [134].

Appendix B. Supplementary material

Supplementary material related to this article can be found on-
line at https://doi .org /10 .1016 /j .physletb .2022 .137651.
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