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Introduction
• “Can the muon 𝑔𝑔-2 be accounted for in 2HDMs?”

a lot of studies in SUSY, much less in 2HDMs… 

• Constraints from the 126 GeV Higgs data at LHC.
• Extra Higgs spectrum constrained by EWPD, vacuum stability 
& perturbativity, and also by 𝐵𝐵𝑞𝑞 → 𝑋𝑋𝑠𝑠𝛾𝛾, 𝜇𝜇+𝜇𝜇−, 𝑒𝑒𝑒𝑒𝑒𝑒.

• The unique choice: Type X with Barr-Zee two loop in the 
ranges of 20 < 𝑚𝑚𝐴𝐴 𝐺𝐺𝐺𝐺𝐺𝐺 < 120, 𝑡𝑡𝛽𝛽> 50, & 200 <
𝑚𝑚𝐻𝐻~𝑚𝑚𝐻𝐻± 𝐺𝐺𝐺𝐺𝐺𝐺 < 600.
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2HDMs
• Two Higgs Doublets: 

Φ1,2= (𝜙𝜙1,2
+ , 1

2
[𝑣𝑣1,2 + 𝜌𝜌1,2 + 𝑖𝑖 𝜂𝜂1,2]) → ℎ,𝐻𝐻,𝐴𝐴,𝐻𝐻±;  𝑡𝑡𝛽𝛽 = 𝑣𝑣1

𝑣𝑣2
𝐺𝐺0 = 𝜂𝜂1𝑐𝑐𝛽𝛽 + 𝜂𝜂2𝑠𝑠𝛽𝛽
𝐴𝐴 = 𝜂𝜂1𝑠𝑠𝛽𝛽 − 𝜂𝜂2𝑐𝑐𝛽𝛽

ℎ = 𝜌𝜌1𝑐𝑐𝛼𝛼 − 𝜌𝜌2𝑠𝑠𝛼𝛼
𝐻𝐻 = 𝜌𝜌1𝑠𝑠𝛼𝛼 + 𝜌𝜌2𝑐𝑐𝛼𝛼

• Gauge coupling: ℒ𝑔𝑔 = 𝑔𝑔𝑉𝑉𝑚𝑚𝑉𝑉 𝑠𝑠𝛽𝛽−𝛼𝛼ℎ + 𝑐𝑐𝛽𝛽−𝛼𝛼𝐻𝐻 𝑉𝑉𝑉𝑉 + ⋯
• FCNC: Mass diagonalization ≠ Yukawa diagonalization

ℒ𝑌𝑌𝑌𝑌𝑌𝑌 = 𝑦𝑦𝑖𝑖𝑖𝑖𝑢𝑢𝑢Φ2𝑞𝑞𝑖𝑖𝑢𝑢𝑗𝑗𝑐𝑐 + 𝑦𝑦𝑖𝑖𝑖𝑖
𝑑𝑑𝑑𝑑Φ𝑝𝑝𝑞𝑞𝑖𝑖𝑑𝑑𝑗𝑗𝑐𝑐 + 𝑦𝑦𝑖𝑖𝑖𝑖

𝑒𝑒𝑒𝑒Φ𝑞𝑞𝑙𝑙𝑖𝑖𝑒𝑒𝑗𝑗𝑐𝑐 + ℎ. 𝑐𝑐.

𝑀𝑀𝑖𝑖𝑖𝑖
𝑓𝑓 = 𝑦𝑦𝑖𝑖𝑖𝑖

𝑓𝑓𝑓 𝑣𝑣1
2

+ 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓2 𝑣𝑣2

2
 𝑦𝑦𝑖𝑖𝑖𝑖𝑑𝑑 ℎ𝑑𝑑𝑖𝑖𝑑𝑑𝑗𝑗𝑐𝑐 + ⋯
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4 types of 2HDMs
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126 𝐺𝐺𝐺𝐺𝐺𝐺

Natural flavor conservation imposed by 𝑍𝑍2 :  
only one Higgs to each Yukawa type (d, e) 

Nb) Type III : aligned Yukawa
𝑦𝑦𝑖𝑖𝑖𝑖1 ~𝑦𝑦𝑖𝑖𝑖𝑖2

Φ2 + ,Φ1 − ; 𝑡𝑡𝑅𝑅 + ,𝑑𝑑𝑅𝑅 ± , 𝑒𝑒𝑅𝑅(±)



126 GeV SM Higgs: 𝑔𝑔ℎ𝑉𝑉𝑉𝑉=sin(𝛽𝛽 − 𝛼𝛼)≈ 1
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ATLAS-CONF-2014-010



Aligned/decoupled 2HDMs
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1

𝑐𝑐𝑐𝑐𝑐𝑐 𝛽𝛽 − 𝛼𝛼 ≈ 0
LHC Higgs data126 𝐺𝐺𝐺𝐺𝐺𝐺

≈



Muon 𝑔𝑔-2
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Muon 𝑔𝑔-2 vs. b → 𝑠𝑠 𝛾𝛾
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𝜏𝜏 𝑡𝑡 𝑏𝑏
I   1/𝑡𝑡𝛽𝛽

2 -1/𝑡𝑡𝛽𝛽
2 1/𝑡𝑡𝛽𝛽

2

II   𝑡𝑡𝛽𝛽
2 1      𝑡𝑡𝛽𝛽

2

X   𝑡𝑡𝛽𝛽
2 1     -1

Y  1/𝑡𝑡𝛽𝛽
2 -1/𝑡𝑡𝛽𝛽

2 -1

𝑚𝑚𝑡𝑡
𝑡𝑡𝛽𝛽
𝑃𝑃𝐿𝐿 −

𝑚𝑚𝑏𝑏
𝑡𝑡𝛽𝛽

𝑃𝑃𝑅𝑅 𝐼𝐼,𝑋𝑋 NA

𝑚𝑚𝑡𝑡
𝑡𝑡𝛽𝛽
𝑃𝑃𝐿𝐿 + 𝑚𝑚𝑏𝑏𝑡𝑡𝛽𝛽𝑃𝑃𝑅𝑅 𝐼𝐼𝐼𝐼,𝑌𝑌 𝑚𝑚𝐻𝐻± > 380 𝐺𝐺𝐺𝐺𝐺𝐺

H : negative
A : positive

for 𝑡𝑡𝛽𝛽 > 2

Cheung, Chou, Kong, 0103183
Cao, et.al, 0909.5148



EWPD
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𝑀𝑀𝐻𝐻± ≈ 𝑀𝑀𝐴𝐴

𝑀𝑀
𝐻𝐻

±
≈
𝑀𝑀
𝐻𝐻



Vacuum stability & perturbativity
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For tan𝛽𝛽 ≫ 1 in the SM limit: sin 𝛽𝛽 − 𝛼𝛼 = 1,

𝜆𝜆5𝑣𝑣2 ≈ 𝑀𝑀𝐻𝐻
2 −𝑀𝑀𝐴𝐴

2

𝜆𝜆4𝑣𝑣2 ≈ 𝑀𝑀𝐻𝐻
2 − 2𝑀𝑀𝐻𝐻±

2 + 𝑀𝑀𝐴𝐴
2

𝜆𝜆3𝑣𝑣2 ≈ 2𝑀𝑀𝐻𝐻±
2 − 2𝑀𝑀𝐻𝐻

2 + 𝑀𝑀ℎ
2

𝜆𝜆2𝑣𝑣2 ≈ 𝑀𝑀ℎ
2



Vacuum stability & perturbativity
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In the SM limit: sin 𝛽𝛽 − 𝛼𝛼 = 1



Results
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electron g-2 limit

3σ 1.4σ
ℎ → 𝐴𝐴𝐴𝐴

𝑚𝑚ℎ (𝑚𝑚𝐻𝐻) = 126 (200) 𝐺𝐺𝐺𝐺𝐺𝐺 𝜆𝜆ℎ𝐴𝐴𝐴𝐴𝑣𝑣 ≈ 2𝑀𝑀𝐻𝐻
2 − 𝑀𝑀ℎ

2 − 2𝑀𝑀𝐴𝐴
2 ≳ 0.13 𝑣𝑣2 (in the SM limit)



Type X in the wrong-sign limit
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𝜉𝜉ℎ𝑙𝑙 = −
𝑠𝑠𝛼𝛼
𝑐𝑐𝛽𝛽

= 𝑠𝑠𝛽𝛽−𝛼𝛼 − 𝑡𝑡𝛽𝛽 𝑐𝑐𝛽𝛽−𝛼𝛼 ≈ ±1

𝜉𝜉ℎ
𝑞𝑞 =

𝑐𝑐𝛼𝛼
𝑠𝑠𝛽𝛽

= 𝑠𝑠𝛽𝛽−𝛼𝛼 +
𝑐𝑐𝛽𝛽−𝛼𝛼
𝑡𝑡𝛽𝛽

≈ 1

Ferreira, et.al., 1403.4736



Suppressing ℎ → 𝐴𝐴𝐴𝐴 𝜏𝜏𝜏𝜏 by 𝜉𝜉ℎ𝜏𝜏 ≈ −1
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𝜆𝜆ℎ𝐴𝐴𝐴𝐴𝑣𝑣 ≈ 𝜆𝜆3 + 𝜆𝜆4 − 𝜆𝜆5 𝑣𝑣2
≈ (1 + 𝜉𝜉ℎ𝜏𝜏)𝑚𝑚𝐻𝐻

2 − 𝜉𝜉ℎ𝜏𝜏𝑚𝑚ℎ
2 − 2𝑚𝑚𝐴𝐴

2 𝜉𝜉ℎ𝜏𝜏 ≈ −
𝑚𝑚𝐻𝐻
2 − 2𝑚𝑚𝐴𝐴

2 + 𝜆𝜆ℎ𝐴𝐴𝐴𝐴𝑣𝑣2

𝑚𝑚𝐻𝐻
2 − 𝑚𝑚ℎ

2



Parameter scan 
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𝑚𝑚𝐻𝐻
2 ≈ 𝜉𝜉ℎ

𝜏𝜏𝑚𝑚ℎ
2+2𝑚𝑚𝐴𝐴

2+𝜆𝜆ℎ𝐴𝐴𝐴𝐴𝑣𝑣
1+𝜉𝜉ℎ

𝜏𝜏



Conclusion
• Imposing the muon 𝑔𝑔-2 singles out Type X 2HDM in a specific 
parameter region provable at the LHC2.

• The SM limit is allowed only at 2𝜎𝜎 due to large ℎ → 𝐴𝐴𝐴𝐴(𝜏𝜏𝜏𝜏).
• In the wrong-sign limit, the region of 𝑡𝑡𝛽𝛽 > 50, 𝑚𝑚𝐴𝐴 = 20 −

80 𝐺𝐺𝐺𝐺𝐺𝐺,𝑚𝑚𝐻𝐻 ∼ 𝑚𝑚𝐻𝐻± = 200 − 600 𝐺𝐺𝐺𝐺𝐺𝐺, is viable with a tuned 𝜆𝜆ℎ𝐴𝐴𝐴𝐴
𝑣𝑣

≪
1.

• LHC13 prospect under investigation:
𝑝𝑝𝑝𝑝 → ℎ,𝑍𝑍,𝑊𝑊 → 𝐴𝐴𝐴𝐴,𝐴𝐴𝐴𝐴,𝐴𝐴𝐻𝐻± → 4𝜏𝜏,3𝜏𝜏 + 𝜈𝜈.
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