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Vector Portal/Kinetic Mixing DM
• Vector portal matter (PM)1,2 /kinetic mixing (KM) DM setup:

• KM ఢ
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௘௠

• For ୈ୑,୅ీ
GeV and ି ଷିହ

We can recreate the correct relic abundance!
• Nature of PM? 

• Precision electroweak constraints and Must be Vector-like (VL)!
• VL PM must be unstable. Without adding more particles, the only possibility is 

௉ெ ௌெ ஽ PM is either a VL Quark (VLQ) or VL Lepton (VLL). In this work 
we focus on VLL. 

1B. Holdom, Phys. Lett. B 166, 196 (1986)
2B. Holdom, Phys. Lett. B 178, 65 (1986)
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PM/KM DM and coming up!
• Collider searches for VLL PM sugges ௉ெ TeV.

• For a set of VL PM, kinetic mixing coefficient ௒೔ ஽೔

௠೔
మ

ఓమ௜ .

• Finite and calculable ? ௒೔ ஽೔௜ .

• ି ଷିହ can be achieved with PM fields coming in pairs with ஽
, same ௒ and mas splitting.

• The discrepancy between the measured value of ఓ and the theoretical 
expectation of the SM at (significance of ) is currently placed at1,2,3

ఓ ఓ
௘௫௣

ఓ
ௌெ ିଵ

• Assuming the discrepancy is due to new physics, we show that ఓ can be 
addressed in a minimal PM/KM model agnostic to the DM details.

• We present an embedding of ஽ into a larger dark group of ஺

஻ ଶand explore its rich scalar and fermion sectors.

1b. Abi et al. (Muon g-2), Phys. Rev. Lett. 126, 141801 (2021), arXiv:2104.03281 [hep-ex]

2g. W. Bennett et al. (Muon g-2), Phys. Rev. D 73, 072003 (2006), arxiv:hep-ex/0602035

3t. Aoyama et al., Phys Rept. 887, 1 (2020), arXiv:2006.04822 [hep-ph]
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Minimal Construction
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• Independent of parameters which govern the phenomenology of the dark sector!
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PM Collider Production
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• Plot of ௅
ା

ா
ା as a function of ௅ா

ା to reproduce ఓ :

• Continuous lines indicates the plots

for ௅
ା

ா
ା .

• Vertical lines indicate LHC, HL-LHC, 

HE-LHC, hh-FCC constraints on ா
ା.

• Observed anomaly can be accounted
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Model
• Why embed ஽ into a larger group?

• Justify a priory arbitrary ஽ charge assignments.
• Natural reason for the flavor symmetry.

• Anomaly-free embedding with finite KM for 𝑨 𝑩 𝟐

𝒁𝟐𝑺𝑼 𝟐 𝑩𝑺𝑼 𝟐 𝑨𝑺𝑼 𝟐 𝑳 × 𝑼 𝟏 𝒀Fields

+1𝟐𝟐
𝟐, −

1

2
, 𝟏, −1

Ψ௅, Ψோ

+1𝟑𝟏
𝟏, −1 , 𝟐, −

1

2

𝑉௅, 𝑉ோ

−1𝟏𝟏
𝟐, −

1

2
, 𝟏, −1

𝑆௅, 𝑆ோ

+1𝟐𝟐(𝟏, 0)Φ ∼ TeV

−1𝟏𝟑(𝟏, 0)Δ஺ ∼ GeV

−1𝟑𝟏(𝟏, 0)Δ஻ ∼ GeV
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Scalar Sector

• Scalar potential for this model is quite complicated ( variables).
• There are Goldstone modes (broken generators of ஺ ஻) and 

massive states.
𝑸𝑫𝒁𝟐

ᇱMassScalars

0+1𝑀௛ଵ,௛ଶ,௛ସ ∼ TeVℎଵ, ℎଶ, ℎସ

±1+1𝑀௛
± ∼ TeVℎ±

0−1𝑀௛ହ,௛଺ ∼ TeVℎହ, ℎ଺

∗+1𝑚௛ଷ ∼ GeVℎଷ

𝑸𝑫𝒁𝟐
ᇱMassGauge Bosons

0+1𝑀௓ವ
∼ TeV𝑍஽

±1−1𝑀ௐ೗
∼ TeV𝑊௟
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∼ GeV𝐴஽
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Fermion Sector

• The ଶ
ᇱ symmetry provides charged Lepton flavor protection.

• ଶ
ᇱ positive block: One SM Lepton and Two heavy VLL.

• ଶ
ᇱ Negative block: One SM Lepton and Two heavy VLL PM.

• Two scenarios of interest:

𝑸𝑫𝒁𝟐
ᇱMassFermions

0+1𝑚௕
ௌெ𝑒௕

0+1𝑀௅
଴, 𝑀ா

଴ ∼ TeV𝐿଴, 𝐸଴

0−1𝑚௔
ௌெ𝑒௔

±1−1𝑀௅
±, 𝑀ா

± ∼ TeV𝐿±, 𝐸±

Scenario BScenario ASM Field

𝑒௕𝑒௔Muon

𝑒௔𝑒௕Tau
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Coming Up!

• Shu Tian’s Flavor Portal Matter-II talk will discuss in scenarios 
A and B:
• Muon anomaly: Contribution from new diagrams 

and bigger parameter space.
• Rich phenomenology: Diboson, VLL and VLL PM collider 

production.




