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Abstract

We propose a novel model which extends the Standard Model (SM) by introducing a
SU(2)D gauge symmetry. In this model, a dark SU(2)D Higgs doublet and a Higgs bi-
doublet can contribute to the muon g-2 anomaly and the W boson mass, remaining in
tune with the recent experimental results. At the same time, the isospin charged gauge
boson of SU(2)D becomes a plausible candidate for Dark Matter(DM). We find that the
resulting parameter space can fit the muon g-2, the W boson mass and the DM constraints
simultaneously.
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1 Introduction

Despite its success, the Standard Model (SM) still leaves us with some unanswered questions.
One example is the well-stablished muon g−2 anomaly from Brookhaven E821 [1], which has
been recently confirmed by E989 [2]. Another one is the latest measurement of the W boson
mass at Tevatron CDFII [3], which deviates with high significance from the SM prediction [4].
On top of this, we have puzzling questions regarding Dark Matter(DM). Although we have a
large amount of indirect evidence for DM, such as galaxy rotation curves and the CMB, we still
don’t understand its nature neither its origin. The only hint we have is its total energy density,
Ωh2 ≃ 0.1186, as measured by Planck [12]. A connection between these puzzles could shed
some light into the future experimental and theoretical steps to take.

2 The model

In this work, we extend the SM by adding a new local SU(2)D symmetry. We introduced an
SU(2)D double vector-like lepton Ψ, an SU(2)D doublet Higgs φD and a Higgs bi-doublet H ′.

045.1

https://scipost.org
https://scipost.org/SciPostPhysProc.12.045
mailto:amenkara@cau.ac.kr
https://doi.org/10.21468/SciPostPhysProc.12
http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.21468/SciPostPhysProc.12.045&amp;domain=pdf&amp;date_stamp=2023-07-04
https://doi.org/10.21468/SciPostPhysProc.12.045


SciPost Phys. Proc. 12, 045 (2023)

The particle content of the model and their charges under the Z2 parity are described in detail
in reference [13].

The Lagrangian of our theory contains a DM and a Yukawa part including the vector-like
leptons,

LDM = −
1
2

Tr
�

VµνV
µν
�

+ iΨ̄γµDµΨ + |DµΦD|2 + Tr
�

|DµH ′|2
�

− V (ΦD, H ′, H) , (1)

LVLSM = −yd q̄LdRH − yuq̄LuRH̃ − yl l̄LeRH − yν l̄LνRH̃ −MRν
c
RνR

−MEΨ̄Ψ −λEΨ̄LΦDeR − yE l̄LH ′ΨR + h.c. , (2)

with the scalar potential given by

V (ΦD, H, H ′) = µ2
1H†H +µ2

2Tr(H ′†H ′)− (µ3H†H ′ΦD + h.c.)

+λ1(H
†H)2 +λ2(TrH ′†H ′)2 +λ3(H

†H)Tr(H ′†H ′)

+µ2
φΦ

†
DΦD +λφ(Φ

†
DΦD)

2 +λHΦH†HΦ†
DΦD +λH ′ΦTr(H ′†H ′)Φ†

DΦD . (3)

Finally, the mass Lagrangian for the lepton sector is

LL,mass = −ME ĒE −ME Ē′E′ −m0 ēe− (mR ĒLeR +mL ēL ER + h.c.) . (4)

Diagonalizing the Lagrangian in equation (4), the vector-like lepton contributions are
found to be naturally small [6, 7], consistently with a simultaneous symmetry breaking of
both the electroweak and the SU(2)D symmetries.

3 Muon g − 2 and W mass constraints

In this section, we briefly summarize the contributions from the new particles in our model to
the muon g − 2 and the W mass.

3.1 Muon g − 2

The dominant contributions to the muon g − 2 are the ones coming from vector-like leptons
and gauge bosons running together with muons in the loops. The vector contributions are
given by [6,7]

∆aV,E
µ ≃







g2
D ME mµ

16π2m2
V0
(c2

V − c2
A) +

g2
D ME mµ

32π2m2
V0
(ĉ2

V − ĉ2
A) , ME ≫ mV 0 ,

g2
D ME mµ

4π2m2
V0
(c2

V − c2
A) +

g2
D ME mµ

8π2m2
V0
(ĉ2

V − ĉ2
A) , mµ≪ ME ≪ mV 0 ,

(5)

and

∆aV±,E′
µ =

1
2
∆aV 0,E

l (cV → ĉV , cA→ ĉA, ME → ME′ , mV 0 → mV±) , (6)

while the contribution coming from the scalar V0 reads [6,7]

∆aV 0,µ
µ ≃

g2
Dm2

µ

12π2m2
V 0

(v′2µ − 5a′2µ ) . (7)

Here, the coefficients cV , cA, ĉV , ĉA, v′µ and a′µ are given in eqs. (47)-(52) in [13].
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Figure 1: Parameter space for the muon g − 2 and the W mass. These figures where
first published in [13] licensed under CC BY 4.0.

3.2 W mass

The dominant contribution for the W mass is the tree-level process arising from the mixing
between the gauge neutral bosons. The contribution to the ρ parameter is then

∆ρH ≃







s2
W g2

D

g2
Y

M2
Z

m2
V0

sin4 β , mV 0 ≫ MZ ,

− s2
W g2

D

g2
Y

sin4 β , mV 0 ≪ MZ .
(8)

We note that one-loop contributions from E′, ϕ̃ and V± are supressed by the small lepton
mixing angle sin2 ζ. Consequently, they are sub-dominant compared to the tree-level effects
of the Z − V 0 mass mixing and we can neglect them in our analysis.

We summarize our results in Fig. 1. On the left, we depict the muon g − 2 correction
as a function of mV+ . The regions favored by the muon g − 2 within 1σ(2σ) are shown in
yellow(green). We find it necessary to set mφ around the TeV scale in order to counter the ϕ̃
negative chirality enhanced contribution [13]. On the right, we show the correction to the W
boson mass as a function of sinβ .

4 Dark matter constraints

In this section we study whether our model can reproduce the correct DM relic abundance and
satisfy the stringent bounds set by direct detection experiments.

4.1 Relic density

The gauge bosons V±, the vector-like lepton E′ and the neutral scalar ϕ̃ are odd under the Z2
parity, and thus make viable DM candidates. In paticular, the SU(2)D gauge bosons are almost
degenerate, but their masses receive a small positive correction proportional to the Z − V 0

mixing.1 This results in a forbidden channel, V+V− → V 0V 0, which is responsible for the
correct relic energy density.

1In this sense, the mass splitting, δ ≡ mV 0/mV+ − 1, is closely related to the W boson mass.
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Figure 2: (Left) DM relic density as a function of δ ≡ mV 0/mV+−1. (Right) Parameter
space consistent with XENON1T [11]. These figures where first published in [13]
licensed under CC BY 4.0.

On the left plot of Fig. 2, we show the relic abundance for DM as a function
δ ≡ mV 0/mV+ − 1. The choice of parameters is consistent with both the muon g − 2 and
the W boson mass results in the previous section. We find that the condition for a correct relic
density [12] depends crucially on the mass splitting δ and the DM mass mV+ for a given vD.

4.2 Indirect setection

We remark that the forbidden channel is closed for small DM velocities, namely vrel ≲
p

8δ.
The velocity of DM in our galaxy, vrel ≃ 220 km makes any signal from this channel unobserv-
able for δ ≳ 6 × 10−7. However, other subdominant channels, such as V+V− → hh, V 0Z or
V+V− → SM SM, could lead to interesting signals for indirect detection, for example in the
CMB or in cosmic rays [14,15].

4.3 Direct detection

Decays of DM into a quark-antiquark pair, V+V− → qq̄, are subdominant for the relic den-
sity abundance, but they can be constrained by direct detection experiments. We find that
the XENON1T bound [11] on the DM-nucleon scattering cross section can be satisfied in the
alignment limit for the Higgs mixing angle, sinθh ≃ −

vp
2vD

sin2 β and ms≫ mh.

On the right plot of Fig. 2, we show in gray the parameter space which has been ruled out
by XENON1T [11]. In the alignment limit and for a heavy singlet scalar with ms = 1.5 TeV,
our results show that there is consistent parameter space satisfying the muon g − 2, the W
boson mass and the DM constraints simultaneously.

5 Conclusions

In this paper, we addressed the possibility of explaining DM and flavor puzzles simultaneously.
With that in mind, we proposed a model that extends the SM by implementing a new SU(2)D
gauge symmetry. The flavor mixing between the lepton and the vector-like lepton makes the
lepton masses naturally small. Furthermore, the vector-like leptons and SU(2)D gauge bosons
interactions contribute dominantly to the muon g−2, while the Z −V 0 mass mixing accounts
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for the deviation of the W boson mass, as recently measured by CDFII. A combination of
the U(1)G global symmetry in the Higgs sector and the dark isospin symmetry leads to a Z2
parity, allowing for suitable DM candidates. We found that the correct DM relic density can
be reproduced at the same time that direct detection bounds are satisfied. Within the same
parameter space we can also explain the muon g − 2 and the W boson mass anomalies.

Acknowledgements

Funding information This work is partly supported by the Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the Ministry of Education,
Science and Technology (NRF-2022R1A2C2003567 and NRF-2021R1A4A2001897). The work
of KY is supported by Brain Pool program funded by the Ministry of Science and ICT through
the National Research Foundation of Korea(NRF-2021H1D3A2A02038697).

References

[1] G. W. Bennett et al., Final report of the E821 muon anomalous magnetic moment measure-
ment at BNL, Phys. Rev. D 73, 072003 (2006), doi:10.1103/PhysRevD.73.072003.

[2] B. Abi et al., Measurement of the positive muon anomalous magnetic moment to 0.46 ppm,
Phys. Rev. Lett. 126, 141801 (2021), doi:10.1103/PhysRevLett.126.141801.

[3] T. Aaltonen et al., High-precision measurement of the W boson mass with the CDF II detector,
Science 376, 170 (2022), doi:10.1126/science.abk1781.

[4] J. Haller, A. Hoecker, R. Kogler, K. Mönig, T. Peiffer and J. Stelzer, Update of the global elec-
troweak fit and constraints on two-Higgs-doublet models, Eur. Phys. J. C 78, 675 (2018),
doi:10.1140/epjc/s10052-018-6131-3.

[5] P. A. Zyla et al., Review of particle physics, Prog. Theor. Exp. Phys. 8 (2020),
doi:10.1093/ptep/ptaa104.

[6] H. Min Lee and K. Yamashita, A model of vector-like leptons for the muon g–2 and the W
boson mass, Eur. Phys. J. C 82, 661 (2022), doi:10.1140/epjc/s10052-022-10635-z.

[7] H. M. Lee, J. Song and K. Yamashita, Seesaw lepton masses and muon g–2 from heavy
vector-like leptons, J. Korean Phys. Soc. 79, 1121 (2021), doi:10.1007/s40042-021-
00339-0.

[8] T. Aoyama et al., The anomalous magnetic moment of the muon in the standard model,
Phys. Rep. 887, 1 (2020), doi:10.1016/j.physrep.2020.07.006.

[9] L. Bian, H. M. Lee and C. B. Park, B-meson anomalies and Higgs physics in flavored U(1)′

model, Eur. Phys. J. C 78, 306 (2018), doi:10.1140/epjc/s10052-018-5777-1.

[10] R. T. D’Agnolo and J. T. Ruderman, Light dark matter from forbidden channels, Phys. Rev.
Lett. 115, 061301 (2015), doi:10.1103/PhysRevLett.115.061301.

[11] E. Aprile et al., Dark matter search results from a one ton-year exposure of XENON1T, Phys.
Rev. Lett. 121, 111302 (2018), doi:10.1103/PhysRevLett.121.111302.

[12] N. Aghanim et al., Planck 2018 results, Astron. Astrophys. A 641, 6 (2020),
doi:10.1051/0004-6361/201833910.

045.5

https://scipost.org
https://scipost.org/SciPostPhysProc.12.045
https://doi.org/10.1103/PhysRevD.73.072003
https://doi.org/10.1103/PhysRevLett.126.141801
https://doi.org/10.1126/science.abk1781
https://doi.org/10.1140/epjc/s10052-018-6131-3
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1140/epjc/s10052-022-10635-z
https://doi.org/10.1007/s40042-021-00339-0
https://doi.org/10.1007/s40042-021-00339-0
https://doi.org/10.1016/j.physrep.2020.07.006
https://doi.org/10.1140/epjc/s10052-018-5777-1
https://doi.org/10.1103/PhysRevLett.115.061301
https://doi.org/10.1103/PhysRevLett.121.111302
https://doi.org/10.1051/0004-6361/201833910


SciPost Phys. Proc. 12, 045 (2023)

[13] S.-S. Kim, H. M. Lee, A. G. Menkara and K. Yamashita, SU(2)D lepton portals for
the muon g–2, W-boson mass, and dark matter, Phys. Rev. D 106, 015008 (2022),
doi:10.1103/PhysRevD.106.015008.

[14] Y.-J. Kang, H. M. Lee, A. G. Menkara and J. Song, Flux-mediated dark matter, J. High
Energy Phys. 06, 013 (2021), doi:10.1007/JHEP06(2021)013.

[15] S.-S. Kim, H. M. Lee and B. Zhu, Models for self-resonant dark matter, J. High Energy
Phys. 05, 148 (2022), doi:10.1007/JHEP05(2022)148.

045.6

https://scipost.org
https://scipost.org/SciPostPhysProc.12.045
https://doi.org/10.1103/PhysRevD.106.015008
https://doi.org/10.1007/JHEP06(2021)013
https://doi.org/10.1007/JHEP05(2022)148

	Introduction
	The model
	Muon g-2 and W mass constraints
	Muon g-2
	W mass

	Dark matter constraints
	Relic density
	Indirect setection
	Direct detection

	Conclusions
	References

