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A new Uð1ÞX gauge boson X primarily interacting with a dark sector can have renormalizable kinetic
mixing with the standard model (SM)Uð1ÞY gauge boson Y. This mixing besides introduces interactions of
dark photon and dark sector with SM particles, it also modifies interactions among SM particles. The
modified interactions can be casted into the oblique S, T, and U parameters. We find that with the dark
photon mass larger than the Z boson mass, the kinetic mixing effects can reduce the tension of theW-mass
excess problem reported recently by CDF from 7σ deviation to within 3σ compared with theory prediction.
If there is non-Abelian kinetic mixing between Uð1ÞX and SUð2ÞL gauge bosons, in simple renormalizable
models of this type a triplet Higgs is required to generate the mixing. We find that this triplet with a vacuum
expectation value of order 5 GeV can naturally explain the W-mass excess.
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I. INTRODUCTION

Recently CDF collaboration announced their new meas-
urement of W-boson mass with a value of [1] 80; 433.5�
9.4 MeV which is 7σ above the standard model (SM)
prediction [2] of 80; 357� 6 MeV. This is a significant
indication of new physics beyond the SM. A lot of efforts
have been made to provide an explanation for this excess.
Needless to say that better understanding of SM calcu-
lations, and also further experimental measurements are
needed, nevertheless a lot of new ideas beyond the SM have
merged to explain theW-mass excess [3–49]. Although the
CDF measurement is not fully consistent with LHC
measurements (mWðATLASÞ ¼ 80; 370� 19 MeV [50],
mWðLHCbÞ ¼ 80; 354� 32 MeV [51]), it may be viewed
as a tantalizing evidence for new physics beyond the SM. In
this work we study effects of a class of well-motivated dark
photon models on the CDF W-mass measurement.
A dark photon Xμ from a Uð1ÞX gauge group primarily

coupling to a dark sector can have kinetic mixing with the

SM gauge boson. The kinetic mixing besides introduces
interactions of dark photon and dark sector with SM
particles, it also modifies interactions among SM particles
which can be tested to high precision data obtained by
various experiments. It has long been realized that a dark
photon Xμ can mix with the Uð1ÞY gauge boson Yμ in the
SM gauge group SUð3ÞC × SUð2ÞL ×Uð1ÞY through a
renormalizable kinetic mixing term [52–55], XμνYμν.
Here Aμν ¼ ∂

μAν − ∂
νAμ. The phenomenological implica-

tions of this simple kinetic mixing have been studied
extensively [56–60]. The kinetic mixing of the dark
photon with the non-Abelian gauge boson Wa

μ, which
transforms under the SUð2ÞL as a triplet represented by
the superscript index “a”, has also been studied [61–66].
It turns out that this requires additional efforts because
the simple naive kinetic mixing XμνWa

μν term is not
gauged invariant. One needs to introduce a scalar type
of entity transforming also as a triplet to make the
relevant term gauge invariant. The simplest one of such
an entity is a scalar triplet Σa transforming as (1,3,0) under
the SUð3ÞC × SUð2ÞL ×Uð1ÞY , with a nonzero vacuum
expectation value (vev) hΣ0i ¼ vΣ. Renormalizable models
have been constructed recently [65]. This type of model has
some new interesting features, in particular CP violating
kinetic mixing can also exist with testable consequences.
Both types of models mentioned above will modify the

interactions of the SM particles and therefore produce
deviations from the SM predictions which can be tested by
experimental data. We find that the modified interactions
can be casted into the oblique parameters S, T andU within
the allowed parameter space, the kinetic mixing effects can
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help to explain the W-mass excess of the recent CDF
measurement. In the case of non-Abelian kinetic mixing
between Uð1ÞX and SUð2ÞL gauge bosons, there are
additional contributions to the W-mass excess besides
the kinetic mixing effects due to the vev of triplet Higgs
required to generate the kinetic mixing. The triplet with a
vev of order 5 GeV can naturally explain the W-mass
excess. We provide some details in the following.

II. S, T, U PARAMETERS IN ABELIAN KINETIC
MIXING MODELS

With the kinetic mixing for the case of Uð1ÞX ×Uð1ÞY ,
the kinetic terms of the bare fields X̃ and Ỹ and their
interactions with other particles can be written as

L¼−
1

4
X̃μνX̃μν−

σ

2
X̃μνỸμν−

1

4
ỸμνỸμνþ jμYỸμþ jμXX̃μ: ð1Þ

Here jμX and jμY denote interaction currents of gauge fields X̃
and Ỹ, respectively. The parameter σ indicates the strength
of the kinetic mixing.
After electroweak symmetry breaking, Ỹ and the neutral

component of the SUð2ÞL gauge field W̃3 can be written in
the combinations of the ordinary SM photon field Ã and the
Z boson field Z̃ as follows

Ỹμ ¼ c̃WÃμ − s̃WZ̃μ; W̃3
μ ¼ s̃WÃμ þ c̃WZ̃μ; ð2Þ

where c̃W ≡ cos θ̃W and s̃W ≡ sin θ̃W with θW being the
weak mixing angle. Meanwhile, the Z̃ field receives a
mass mZ.
The general Lagrangian that describes Ã, Z̃, and X̃ fields

kinetic energy, and their interactions with the electromag-
netic current jμem, neutral Z-boson current jμZ and dark
current jμX is given by [59].

L ¼ −
1

4
X̃μνX̃μν −

1

4
ÃμνÃ

μν −
1

4
Z̃μνZ̃μν −

1

2
σc̃WX̃μνÃ

μν

þ 1

2
σs̃WX̃μνZ̃μν þ jμemÃμ þ jμZZ̃μ þ jμXX̃μ þ

1

2
m2

ZZ̃μZ̃μ;

ð3Þ

where the Z boson mass term is included. Here the currents
for fermions with chargeQf and weak isospin I

f
3 in the SM

are given by

jμem ¼ −
X
f

ẽQff̄γμf; jμZ ¼ −
ẽ

2s̃Wc̃W
f̄γμðgfV − gfAγ5Þf;

gfV ¼ If3 − 2Qfs̃2W; gfA ¼ If3 : ð4Þ

Note that the W boson field and its interactions are not
affected directly.
The dark photon may be also massive. There are two

popular ways of generating dark photon mass which give
rise to different phenomenology. One of them is the “Higgs
mechanism,” in which the Uð1ÞX is broken by the vev of an
SM singlet S, which is charged under Uð1ÞX. In this case,
the mixing of Higgs doublet and the Higgs singlet offers the
possibility of searching for dark photon at colliders in
Higgs decays [56,58,59,67–69]. In this case, the singlet
scenario cannot explain the CDF W mass as shown in
Refs. [14,70]. The other one is the “Stueckelberg mecha-
nism” [60] in which an axionic scalar was introduced to
allow a mass for X̃ without breaking Uð1ÞX. In our later
discussion our concern is that the dark photon is massive
regardless where it comes from. We need to include a mass
term ð1=2Þm2

XX̃μX̃μ in our discussions.
One can rewrite the Lagrangian to remove the kinetic

mixing terms so that the gauge fields kinetic energy terms
are in the canonical form. This way to do this is not unique
as discussed in Ref. [59]. We choose to work with
redefining the gauge fields such that photon has no
interaction with jμX. In this case, one redefines the fields
as the following

0
B@

Ã

Z̃

X̃

1
CA ¼

0
BBBBB@

1 −σ2 s̃W c̃Wffiffiffiffiffiffiffiffi
1−σ2

p ffiffiffiffiffiffiffiffiffiffiffiffi
1−σ2c̃2W

p −σc̃Wffiffiffiffiffiffiffiffiffiffiffiffi
1−σ2c̃2W

p

0

ffiffiffiffiffiffiffiffiffiffiffiffi
1−σ2c̃2W

p ffiffiffiffiffiffiffiffi
1−σ2

p 0

0 σs̃Wffiffiffiffiffiffiffiffi
1−σ2

p ffiffiffiffiffiffiffiffiffiffiffiffi
1−σ2c̃2W

p 1ffiffiffiffiffiffiffiffiffiffiffiffi
1−σ2c̃2W

p

1
CCCCCA
0
B@

Ã0

Z̃0

X̃0

1
CA; ð5Þ

to obtain the Lagrangian,

L ¼ −
1

4
X̃0
μνX̃0μν −

1

4
Ã0
μνÃ

0μν −
1

4
Z̃0
μνZ̃0μν þ jμem

�
Ã0
μ −

σ2s̃Wc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p Z̃0
μ −

σc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p X̃0
μ

�

þ jμZ

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p Z̃0
μ

�
þ jμX

�
σs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p Z̃0

μ þ
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p X̃0

μ

�

þ 1

2
m2

Z
1 − σ2c̃2W
1 − σ2

Z̃0
μZ̃0μ þ 1

2
m2

X

�
σs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p Z̃0

μ þ
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p X̃0

μ

�
2

: ð6Þ
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We see that the field Ã0 is already the physical massless
photon field A without the need of further mass diagonal-
ization. However, the Z̃0 and X̃0 are mixed states. One needs
to diagonalize the mass matrix in ðZ̃0; X̃0Þ basis,

0
B@

m2
Zð1−σ2c̃2WÞ2þm2

Xσ
2 s̃2W

ð1−σ2Þð1−σ2c̃2WÞ
m2

Xσs̃Wffiffiffiffiffiffiffiffi
1−σ2

p
ð1−σ2c̃2WÞ

m2
Xσs̃Wffiffiffiffiffiffiffiffi

1−σ2
p

ð1−σ2c̃2WÞ
m2

X
1−σ2c̃2W

1
CA: ð7Þ

To obtain the diagonalized fields Z and X, we introduce the
mixing angle as

�
Z

X

�
¼

�
cθ sθ
−sθ cθ

��
Z̃0

X̃0

�
; ð8Þ

with cθ ¼ cos θ, sθ ¼ sin θ, and

tanð2θÞ ¼ 2m2
Xσs̃W

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p

m2
Zð1 − σ2c̃2WÞ2 −m2

X½1 − σ2ð1þ s̃2WÞ�
: ð9Þ

The diagonal masses m̄2
Z ¼ m2

Zð1þ z̃Þ which defines the
parameter z̃, and m̄2

X corresponding to Z and X are given,
respectively, by

m̄2
Z ¼ m2

Zð1 − σ2c̃2WÞ2 þm2
Xσ

2s̃2W
ð1 − σ2Þð1 − σ2c̃2WÞ

c2θ þ
m2

X

1 − σ2c̃2W
s2θ

þ 2sθcθ
m2

Xσs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p
ð1 − σ2c̃2WÞ

;

m̄2
X ¼ m2

Zð1 − σ2c̃2WÞ2 þm2
Xσ

2s̃2W
ð1 − σ2Þð1 − σ2c̃2WÞ

s2θ þ
m2

X

1 − σ2c̃2W
c2θ

− 2sθcθ
m2

Xσs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p
ð1 − σ2c̃2WÞ

: ð10Þ

The resulting Lagrangian is given by

L ¼ −
1

4
AμνAμν −

1

4
ZμνZμν þ 1

2
m̄2

ZZ
μZμ þ jμemAμ − jμem

�
σ2s̃Wc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p cθ þ

σc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p sθ

�
Zμ

þ jμZ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p cθZμ þ jμX

�
σs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p cθ þ

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p sθ

�
Zμ

−
1

4
XμνXμν þ 1

2
m̄2

XX
μXμ þ jμX

�
−

σs̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p sθ þ
1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p cθ

�
Xμ:

þ jμem

�
σ2s̃Wc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 − σ2c̃2W
p sθ −

σc̃Wffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p cθ

�
Xμ − jμZ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c̃2W

p
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p sθXμ: ð11Þ

The above kinetic mixing calculation is also shown in the
appendices of Refs. [68,71]. Our results are more general
than theirs due to the existence of terms σ2, which is
important for the following oblique parameters.
If one just considers dark photon kinetic mixing effects

on SM particles, the relevant terms are the first two lines in
the above Lagrangian. The rest terms involving dark sectors
will not be directly related. To compare with precision
experimental data and address the W-mass excess, we now
recast the dark photon effects in terms of oblique param-
eters. We find that the oblique S, T and U parameters will
be generated. The derivation for the oblique parameters can
be arrived at by first writing the modifications to the SM
Lagrangian in the following way [72],

L ¼ 1

2
ð1þ z − CÞm2

ZZ
μZμ þ ð1þ w − BÞm2

WW
μW†

μ

þ
�
1 −

A
2

�
jμemAμ þ

�
1 −

C
2

�
ðjμZ þGjμemÞZμ

þ
��

1 −
B
2

�
jμWW

þ
μ þ H:c:

�
: ð12Þ

where jμW ¼ −ðẽ= ffiffiffi
2

p
s̃WÞf̄uγμLVKMfd. Normalizing the

fields and charges to the physical ones, one obtains the
relations

αS¼ 4s2Wc
2
WðA−CÞ−4sWcWðc2W − s2WÞG; αT¼w− z;

αU¼ 4s2Wðs2WA−Bþc2WC−2sWcWGÞ: ð13Þ
To the leading order, s̃W and c̃W can be replaced by sW and
cW in the above C and G.
In our case, since there are no modifications to the W�

μ ,
whose coupling and bare mass, B and w are both zero. Also
we see from Eq. (11) that there exists no modification for
photon interaction, therefore A ¼ 0. We obtain

C ¼ 2

�
1 −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2c2W

p
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p cθ

�
;

G ¼ −
σ2sWcW
1 − σ2c2W

−
σcW

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − σ2

p

1 − σ2c2W

sθ
cθ

; z ¼ Cþ z̃: ð14Þ

Here the definition for z̃ is shown below Eq. (9). We obtain
oblique parameters to the first order in σ2 as
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αS ¼ 4s2Wc
2
Wσ

2

1 −m2
X=m

2
Z

�
1 −

s2W
1 −m2

X=m
2
Z

�
;

αT ¼ −σ2s2W
m2

X=m
2
Z

ð1 −m2
X=m

2
ZÞ2

;

αU ¼ 4s4Wc
2
Wσ

2

�
−

1 − 2m2
X=m

2
Z

ð1 −m2
X=m

2
ZÞ2

þ 2

1 −m2
X=m

2
Z

�
: ð15Þ

The above leads to correction to the W mass as

Δm2
W ¼ m2

Zc
2
W

�
−

αS
2ðc2W − s2WÞ

þ c2WαT
ðc2W − s2WÞ

þ αU
4s2W

�

¼ −m2
Zc

2
W

m2
Zð1 − s2WÞσ2s2W

ðm2
X −m2

ZÞð−1þ 2s2WÞ
: ð16Þ

Other electroweak precision observables for the dark
photon have been calculated as shown in Refs. [56,73].

III. S, T, U PARAMETERS IN NON-ABELIAN
KINETIC MIXING MODELS

We now discuss how theW mass is modified in a class of
non-Abelian kinetic mixing models. This is the class of
models in which kinetic mixing between the Uð1ÞX gauge
boson X̃μ and SUð2ÞL gauge boson W̃a

μ can be induced.
Here W̃a

μ transforms as a SUð2ÞL triplet. To realize such
kinetic mixing, the group index “a” needs to be balanced
which can be achieved easily by introducing a scalar triplet
Σa. With the help of Σa the kinetic mixing terms of the
following forms can be gauge invariant

X̃μνW̃a
μνΣa; ϵμναβX̃μνW̃a

αβΣa: ð17Þ

The component fields of W̃a and Σa are given by

σaW̃a
μ ¼

�
W̃3

μ

ffiffiffi
2

p
W̃þ

μffiffiffi
2

p
W̃−

μ −W̃3
μ

�
;

σaΣa ¼
�

Σ0
ffiffiffi
2

p
Σþffiffiffi

2
p

Σ− −Σ0

�
: ð18Þ

Here σa are the Pauli matrices. When the Σa neutral
component (Σ0) develops a nonzero vev hΣ0i ¼ vΣ, the
kinetic mixing in the usual form from the first term,ffiffiffi
2

p
X̃μνW̃3

μνvΣ, and a new form from the second term,ffiffiffi
2

p
ϵμναβX̃μνW̃3

αβvΣ will be induced.
Note that had one replaced W̃3

αβ by Ỹαβ, then
ϵμναβX̃μνỸαβ ¼ 2∂μðX̃νỸμνÞ would be a total derivative,
which would have no perturbative effects. The exist-
ence of the term W−Wþ in W̃3

μν ¼ sWÃμν þ cWZ̃μν þ
igðW−

μWþ
ν −W−

νWþ
μ Þ, will give rise an additional new term

2igϵμναβX̃μνW−
αW

þ
β , which cannot make ϵμναβX̃μνW̃3

αβ as a

total derivative one again and has physical effects. Some
interesting implications have been studied in Ref. [65,66].
The operators in Eq. (17) are dimension 5 ones which is

nonrenormalizable. If one insists on renormalizability of
the model, additional ingredients need to be introduced to
generate them at the loop level. A specific renormalizable
model has been constructed recently [66]. However, the
kinetic mixing parameters generated are too small [66] to
make a significant impact onW mass, and can be neglected.
But in this class of models, there are still two contributions
which can affect the W mass significantly. One is the
possible mixing term −ð1=2ÞσX̃μνỸμν discussed earlier
which generates the S, T, and U parameters given in
Eq. (15). Another one is the nonzero vΣ of the triplet Σa

generated modification to the electroweak precision param-
eter ρ. We have [2,18]

ρ ¼ 1þ 4v2Σ
v2

¼ 1þ αTΣ; ð19Þ

where v ¼ 246 GeV is the SM Higgs vev. Here we only
consider the tree-level contribution. If further considering
the one-loop contribution, the additional term OðΔmÞ with
Δm ¼ mHþ −mH will emerge as shown in Ref. [74].
The term TΣ ¼ 4v2Σ=αv

2 is an addition to the T param-
eter which needs to be considered in this class of model.
Therefore for this class of models Eq. (16) is modified to

Δm2
W ¼ m2

Zc
2
W

�
−

αS
2ðc2W − s2WÞ

þ c2WαT
ðc2W − s2WÞ

þ αU
4s2W

�

¼ −m2
Zc

2
W

m2
Zð1 − s2WÞσ2s2W

ðm2
X −m2

ZÞð−1þ 2s2WÞ

þm2
Zc

2
W

c2W
c2W − s2W

4v2Σ
v2

: ð20Þ

IV. NUMERICAL ANALYSIS
AND CONCLUSIONS

We are now ready to put things together to analyze
whether the dark photon models can accommodate the
W-mass excess indicated by the recent CDF result. The
CDF result is 7σ above the SM prediction, which implies
that the new contributions must have Δm2

W > 0, so that
ΔmCDF

W ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðmSM

W Þ2 þ Δm2
W

p
−mSM

W ≈ Δm2
W=ð2mSM

W Þ to
produce the required 70 MeV.
In the case of Abelian kinetic mixing, we see from

Eq. (16) that in order to have Δm2
W > 0, the dark photon

mass mX must be larger than mZ. We therefore confine our
analysis in this range for mX. When mX becomes larger, a
larger jσj is needed. We plot the allowed ranges in Fig. 1(a)
for mX and σ within the central value, 1σ, 2σ, and 3σ
boundaries, respectively. We see that there are ranges in the
mX − jσj plane which can solve the W-mass excess
problem. CMS has searched [75] for dark photon in the
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range of mX below about 200 GeV decaying to μþμ− final
states and gives a stringent constraint on σ < 10−3–10−2.
To evade the CMS constraint, we choose that
mX > 200 GeV. Then we further find jσj > 0.125 to
address the W-mass excess problem from Fig. 1(a).
Since our expansion parameter is σ2 as shown in
Eq. (16), we consider σ ∼ 0.2–0.3 is a reasonable range.
With improved high energy search similar to what carried
out by CMS, the model can be more stringently
constrained.
Global fit of electroweak precision data, has given

constraint on S, T, and U separately. Recently, the results
of EW global fit with CDF W mass obtain the oblique
parameters: S, T, and U. The EW input parameters, such as
mW;Z;αs;ΓZ;W; Af; A

0;f
FB; Rf; sin2 θeff , are in details shown

in Ref. [3]. In our evaluations, contributions to S, T, U
parameters are calculated by using the Fermi constant GF
and redefining Z boson mass m̄Z and the electromagnetic
fine structure constant ᾱem ¼ αem=ð1 − σ2c2WÞ [59] as
independent input parameters. The fit values obtained from
Ref. [3] are used for comparison: S ¼ 0.06� 0.1, T ¼
0.11� 0.12, U ¼ 0.14� 0.09. As shown in Fig. 1(b), it
turns out that although we can obtain the CDF measuredW
mass, but it is not possible to satisfy the bounds on the S, T
and U parameters within 2σ allowed ranges. But within 3σ
allowed ranges, the Abelian kinetic mixing effect can
accommodate the CDF W-mass measurement.
In the non-Abelian kinetic mixing case, with the help of

vΣ in the range of a few GeV, the model can easily
accommodate the CDF W-mass excess with very small
σ. We now discuss how a nonzero vΣ affects the model
parameters. In this case, from Fig. 2(a) we see that a vΣ in
the range of a few GeV can help solve the CDF W-mass

excess problem even with a very small kinetic mixing σ.
The expressions for S and U are not changed compared
with Abelian kinetic mixing case, but the total T needs to
add an additional TΣ at the tree level. Therefore, the ranges
for S and U will keep the same with Fig. 1(b). Instead, T
will be modified depending on the vΣ as shown in Fig. 2(b).
This result in changing the relative size of the parameters
for a given mW . Without TΣ, mX cannot be too much larger
than the CMS upper bound of 200 GeV, and σ cannot be
much smaller than 0.2 or so. When one includes TΣ in the
analysis, a much larger mX and also a smaller σ can be
allowed if the model is required to solve the W-mass
excess. In this case, the absolute values of S and U can be
made small to satisfy the allowed global fit.
Before summary, we would like to comment about a

possible consequence of the Z boson couples to dark sector.
If the dark sector particles are enough light, Z can decay
into them to enhance the invisible width. As an example,
we assume that there is a vectorlike fermion f current
jμX ¼ g̃ f̄ γμf coupling to the original X̃μ. After normalizing
the couplings and fields, we have

Lint ¼ g̃

�
σs̃Wffiffiffiffiffiffiffiffiffiffiffiffi

1− σ2
p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1− σ2c̃2W
p cθ þ

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1− σ2c̃2W

p sθ

�
f̄γμfZμ

≈ g̃
σsWm2

Z

m2
Z −m2

X
f̄γμfZμ: ð21Þ

This interaction gives a invisible decay width for Z → ff̄

Γ ¼ g̃2

12π

σ2s2W
ð1 −m2

X=m
2
ZÞ2

mZ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
f

m2
Z

s �
1þ 2m2

f

m2
Z

�
: ð22Þ

FIG. 1. (a) The CDF allowed regions in mX − jσj plane. The allowed parameter space is shown in black line for central value, the 1σ,
2σ and 3σ ranges are also shown. (b) The S, T, andU parameters as functions of jσj. The colored band means the S,T,U ranges for fixing
mX ¼ ð200; 300Þ GeV. For S and T, the lower line and upper line mean mX ¼ 200 GeV and mX ¼ 300 GeV, respectively. For U, the
situation is contrary. Thus, the size of parameters decrease when mX increases.
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For the fermion with a very small mass, if fixing mX ¼
250 GeV, and g̃ ¼ gY ¼ 0.356, we obtain the branching
ratio as 2.8 × 10−5ðσ=0.2Þ2ðg̃=gYÞ2. Using the Z decay
width in Ref. [2], one obtains BrnewðZ → invisibleÞ ¼
2.3 × 10−3. The Z invisible decay width agrees with SM
prediction well. As long as σg̃ is smaller than 0.65, one can
safely satisfy the data.
To summarize, we have studied the recent CDF meas-

urement of W mass on two classes of dark photon models,
one is the Abelian kinetic mixing case due to a dark photon
Abelian Uð1ÞX and SM Uð1ÞY gauge boson mixing, and
another one is the non-Abelian kinetic mixing from a dark
photon Uð1ÞX and another non-Abelian SM SUð2ÞL gauge
boson mixing. This mixing besides introduces interactions
of dark photon and dark sector with SM particles, it also
modifies interactions among SM particles. We recast these
modifications into the well know oblique S, T, and U
parameters. We find that with the dark photon mass larger
than the Z boson mass, the kinetic mixing effects can
reduce the tension of the W-mass excess problem from 7σ
to within 3σ compared with theory prediction. If there is

non-Abelian kinetic mixing between Uð1ÞX and SUð2ÞL
gauge bosons, in simple renormalizable models of this type
a triplet Higgs is required to generate the mixing. We find
that this triplet with a vacuum expectation value of order
5 GeV can naturally explain the W-mass excess.
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