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Introduction

I The CDF Collaboration has measured the mass of the W boson to be
80.4335± 0.0094 GeV, which is deviated from the SM prediction of
80.357 ± 0.006 GeV.

I The W boson mass is connected to the Z boson mass, which can be affected by
mixing the Z boson with an extra vector boson.

I In this work we consider two models which altering the W boson mass at tree
level:

I The DPDM model: the extra vector boson mixing with the Z boson directly.
I The U(1) model: the extra vector boson mixing with the Z boson through kinetic

mixing with the B boson.
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general discussion
Masses in the SM

m2
W =

1
4

g2v2, m2
Z =

1
4

(g2 + g′2)v2

GF =
1√
2v2

, e =
√

4πα =
gg′√

g2 + g′2

mass matrix of general mixing case:
(

m2
Z b

b a

)

m2
Ẑ,Ẑ′ =

1
2

(
m2

Z + a±
√

(m2
Z − a)2 + 4b2

)
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general discussion
Masses in the SM
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W =
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g2v2, m2
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1
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(g2 + g′2)v2 =
1
4

g2g′2

e2 v2

GF =
1√
2v2

, e =
√

4πα =
gg′√

g2 + g′2
=

1√
1
g2 + 1

g′2

mass matrix of general mixing case:
(

m2
Z b

b a

)
m2

Ẑ,Ẑ′ =
1
2

(
m2

Z + a±
√

(m2
Z − a)2 + 4b2

)

mW ↑→ g ↑→ mZ ↑→ mZ > mẐ → a > m2
Z
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general constraint
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Figure: Band which gives the W mass between 80.4053 and 80.4617 GeV.

b2 =
4m4

W
4m2

W − e2v2 (a−m2
Ẑ) + m4

Ẑ −m2
Ẑa.

mW → mW − δmW , δmW : loop corrections from SM. 7/24
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BSM: Derivative Portal Dark Matter

L = −1
4

ZµνZµν −
1
4

Z′µνZ′µν −
ε

2
ZµνZ′µν

+
∑

f
Zµ f̄ γµ(gV − gAγ

5)f + gχZ′µχ̄γµχ

+
1
2

m2
ZZµZµ +

1
2

m2
Z′Z′µZ′µ −mχχ̄χ.

I DM connect to the SM through derivative portal (kinetic mixing Z and Z′ )
I naturally escape stringent DM direct detection constraint
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diagonalization
diagonalizing the kinetic mixing

K =

(
−k1 k2
k1 k2

)
, k1 = 1/

√
2− 2ε, k2 = 1/

√
2 + 2ε

mass matrix(
k2

1M1 k1k2M2
k1k2M2 k2

2M1

)
, M1 = m2

Z + m2
Z′ , M2 = m2

Z′ −m2
Z

O =

(
cos θ sin θ
− sin θ cos θ

)
, tan 2θ =

2k1k2M2

(k2
2 − k2

1)M1

m2
Z =

1
8k2

1k2
2
(m2

Ẑ + m2
Ẑ′)−

√
1

64k4
1k4

2
(m2

Ẑ
+ m2

Ẑ′)
2 − 1

4k2
1k2

2
m2

Ẑ
m2

Ẑ′
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STU from effective lagrangian

LNC,Ẑff =
∑

f
(−k2 sin θ − k1 cos θ)Ẑµ f̄ γµ(gV − gAγ

5)f

=
∑

f
(−k2 sin θ − k1 cos θ)Ẑµ f̄ γµ e

swcw
(T3

f
1− γ5

2
−Qf s2

w)f

effective lagrangian from burgess1994model:

LCC,Wff = − e√
2ŝw

(1− αS
4(ĉ2

w − ŝ2
w)

+
ĉ2

wαT
2(ĉ2

w − ŝ2
w)

+
αU
8ŝ2

w
)
∑

ij
Vij f̄iγµγLfjW†µ + c.c.

LNC,Ẑff =
e

ŝwĉw
(1 +

αT
2

)
∑

f
f̄ γµ[T3

f
1− γ5

2
−Qf (ŝ2

w +
αS

4(ĉ2
w − ŝ2

w)
− ĉ2

wŝ2
wαT

ĉ2
w − ŝ2

w
)]f Ẑµ

ŝwĉwmẐ = swcw
1
2
√

g2 + g′2v = 1
2ev = swcwmZ 11/24
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STU and χ2

αT = 2(
ŝwĉw
swcw

(−k2 sin θ − k1 cos θ)− 1)

αS = 4ĉ2
wŝ2

wαT + 4(ĉ2
w − ŝ2

w)(s2
w − ŝ2

w)

αU = 8ŝ2
w(

ŝw
sw
− 1 +

αS
4(ĉ2

w − ŝ2
w)
− ĉ2

wαT
2(ĉ2

w − ŝ2
w)

)

χ2 = XCov−1XT , X =
(
S− 0.005 T − 0.04 U − 0.134

)
Cov =

 0.0972 ρST × 0.097 × 0.12 ρSU × 0.097 × 0.087
ρST × 0.097 × 0.12 0.122 ρTU × 0.12× 0.087
ρSU × 0.097 × 0.087 ρTU × 0.12× 0.087 0.0872


global fit data are taken from deBlas:2022hdk
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results

102 1032× 102 3× 102 4× 102 6× 102

mẐ ′ (GeV)

10−2

10−1

100

ε

Overproduction

mW

∆χ2 = 6.18

mχ = 60 GeV, gχ = 0.1

best fit (*):
mẐ′ = 116.63 GeV, ε = 0.025, χ2 = 3.21
blue line: observed DM relic density
green lines: mW within 3σ deviations
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results: DM indirect detection

101 102 103

mχ (GeV)
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100

g χ

Fermi

Overproduction

mẐ ′ = 116.63 GeV, ε = 0.025

Figure: Constraints from DM relic density and DM indirect detection, where light blue
areas are excluded by the Planck experiment Aghanim, “Planck 2018 results. VI.
Cosmological parameters” and yellow area is excluded by the Fermi-LAT
experiment Albert, “Searching for Dark Matter Annihilation in Recently Discovered Milky
Way Satellites with Fermi-LAT”. Blue lines correspond to the observed DM relic density.

14/24



Introduction General discussion BSM Conclusion Backups

summary constraints on one BMP

LNC,Ẑ′ff =
∑

f
Ẑ′µ f̄ γµ(g′V − g′Aγ5)f

=
∑

f
(−k1 sin θ + k2 cos θ)Ẑ′µ f̄ γµ e

swcw
(T3

f
1− γ5

2
−Qf s2

w)f
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BSM: The U(1) model

LK = −1
4

BµνBµν −
1
4

XµνXµν −
ε

2
BµνXµν

1
2
(
W3µ Bµ Xµ

) g2v2/4 −gg′v2/4 0
−gg′v2/4 g′2v2/4 0

0 0 g2
xv2

s

W3
µ

Bµ
Xµ


=

1
2
(
W3µ Bµ Xµ

)
K−1TOOTKT

 g2v2/4 −gg′v2/4 0
−gg′v2/4 g′2v2/4 0

0 0 g2
xv2

s

KOOTK−1

W3
µ

Bµ
Xµ


=

1
2

(
Aµ Ẑµ Ẑ′µ

)0 0 0
0 m2

Ẑ 0
0 0 m2

Ẑ′

Aµ

Ẑµ
Ẑ′µ


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STU

LNC,Ẑff =
∑

f
Ẑµ f̄ γµ(gV − gAγ

5)f , gV = gA + g′[KO]22Qf , gA =
T3

f

2
(−g′[KO]22 + g[KO]12)

αT =
2ŝwĉw(−g′[KO]22 + g[KO]12)

e
− 2

αS =
−4g′[KO]22(ĉ2

w − ŝ2
w)

−g′[KO]22 + g[KO]12
− 4ŝ2

w(ĉ2
w − ŝ2

w) + 4ĉ2
wŝ2

wαT

αU = 8ŝ2
w(

ŝw
sw
− 1 +

αS
4(ĉ2

w − ŝ2
w)
− ĉ2

wαT
2(ĉ2

w − ŝ2
w)

)

17/24



Introduction General discussion BSM Conclusion Backups

results

102 1032× 102 3× 102 4× 102 6× 102

mẐ ′ (GeV)

10−2

10−1

100

ε

mW

∆χ2 = 6.18

green lines: mW within 3σ deviations
best fit (*):
mẐ′ = 133.65 GeV, ε = 0.048, χ2 = 24.94,
only giving about 27 MeV extra mass
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conclusion
I We have explored the possibility of altering the W boson mass at tree level in

two models: the DPDM model and the U(1) model.
I Apart from giving the W boson mass, we also discussed the electroweak

oblique parameters constraints for both models, and explored DM relic
density and DM indirect detection constraints for the DPDM model.

I We find that in both model the best fit value for the extra vector boson mass is
around 120 GeV.

I While the best fit of the U(1) model can only contribute 27 MeV extra mass to
the SM W boson mass, the best fit of the DPDM model can give the observed
W boson mass as well as the observed DM relic density.

I The DPDM model can also escape stringent DM direct detection and the best
fit of the DPDM can saturate the constraints from DM indirect detection and
rough estimation of collider bounds.
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Comparison of STU between the two models

STU of the U(1) model

αT = −2cξ
swcw

ŝwĉw
− 2

αS = 4(ĉ2
w − ŝ2

w)(s2
w − ŝ2

w +
s2

wc2
w − ŝ2

wĉ2
w

s2
w

) + 4ĉ2
w ŝ2

wαT

αU = 8ŝ2
w(

ŝw

sw
− 1 +

αS
4(ĉ2

w − ŝ2
w)
− ĉ2

wαT
2(ĉ2

w − ŝ2
w)

)

= 8ŝ2
w(

ŝw

sw
− 1 + (s2

w − ŝ2
w +

s2
wc2

w − ŝ2
wĉ2

w

s2
w

))− 4ŝ2
wĉ2

wαT

STU of the DPDM model

αT = 2(
ŝwĉw

swcw
(−k2 sin θ − k1 cos θ)− 1)

αS = 4ĉ2
w ŝ2

wαT + 4(ĉ2
w − ŝ2

w)(s2
w − ŝ2

w)

αU = 8ŝ2
w(

ŝw

sw
− 1 +

αS
4(ĉ2

w − ŝ2
w)
− ĉ2

wαT
2(ĉ2

w − ŝ2
w)

)

= 8ŝ2
w(

ŝw

sw
− 1 + (s2

w − ŝ2
w))− 4ŝ2

wĉ2
wαT
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expansion at ŝw = sw
STU of the U(1) model

αT = −2cξ
swcw
ŝwĉw

− 2

αS = −8ĉ2
w(ĉ2

w − ŝ2
w)

∆s
ŝw

+ 4ĉ2
wŝ2

wαT

αU = −8ŝ2
w(ĉ2

w − ŝ2
w)

∆s
ŝw
− 4ŝ2

wĉ2
wαT

→ T = −2cξswcw
αŝw ĉw

− 2
α

S=-866.17∆s + 0.716T
U=-263.76∆s− 0.716T

STU of the DPDM model

αT = 2(
ŝwĉw
swcw

(−k2 sin θ − k1 cos θ)− 1)

αS = 4ĉ2
wŝ2

wαT − 8ŝw(ĉ2
w − ŝ2

w)∆s
αU = 8ŝw(ĉ2

w − ŝ2
w)∆s− 4ŝ2

wĉ2
wαT

→
T = (2ŝw ĉw(−k2 sin θ−k1 cos θ)

swcwα
− 2

α)
S=0.716 T-263.76∆s
U=263.76∆s− 0.716T

sw = 0.48269→desired mW → ∆s = 0.00046
→ S = 0.716T − 0.398, U = −0.716T − 0.121 S = 0.716T − 0.121, U = −0.716T + 0.121
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UV complete DPDM model

L = LSM + (DµΦ)†DµΦ + µ2
Φ|Φ|2 − λΦ|Φ|4 + λHΦ|H|2|Φ|2

−1
4

Z′µνZ′µν + iχ̄γµDµχ−mχχ̄χ+ iψLγ
µDµψL

+iNR/∂NR −
1
2

MNNc
RNR − YνH̃LLNR − YψΦψLNR + h.c.

DµΦ = (∂µ − igχZ′µ)Φ

Dµχ = (∂µ − igχnχZ′µ)χ

DµψL = (∂µ − igχZ′µ)ψL

1
2

 0 YνvH 0
YνvH MN YψvΦ

0 YΦvψ 0


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