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Introduction
• 2HDM limited by muon 𝑔𝑔-2?

• Barr-Zee two-loop with a light Higgs and large 𝑡𝑡𝛽𝛽.  

• The charged Higgs heavy enough (b → 𝑠𝑠 𝛾𝛾).
• SM-like 126 GeV Higgs at LHC.
• Constraints from EWPD, vacuum stability & perturbativity, B 
observables & collider searches.

• Selected is Type X with 𝑚𝑚𝐴𝐴 = 63 − 80 GeV & 𝑡𝑡𝛽𝛽 > 70 at 2σ.
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126 𝐺𝐺𝐺𝐺𝐺𝐺



126 GeV SM Higgs: 𝑔𝑔ℎ𝑉𝑉𝑉𝑉=sin(𝛽𝛽 − 𝛼𝛼)≈ 1

2014-10-08 Hsinchu Limiting 2HDMs 4

ATLAS-CONF-2014-010



2HDMs

2014-10-08 Hsinchu Limiting 2HDMs 5

≈

1

𝑐𝑐𝑐𝑐𝑐𝑐 𝛽𝛽 − 𝛼𝛼 ≈ 0
LHC Higgs data126 𝐺𝐺𝐺𝐺𝐺𝐺



Muon 𝑔𝑔-2 vs. b → 𝑠𝑠 𝛾𝛾
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𝜏𝜏 𝑡𝑡 𝑏𝑏
I   1/𝑡𝑡𝛽𝛽2 -1/𝑡𝑡𝛽𝛽2 1/𝑡𝑡𝛽𝛽2

II   𝑡𝑡𝛽𝛽2 1      𝑡𝑡𝛽𝛽2

X   𝑡𝑡𝛽𝛽2 1     -1
Y  1/𝑡𝑡𝛽𝛽2 -1/𝑡𝑡𝛽𝛽2 -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



EWPD
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𝑀𝑀𝐻𝐻± ≈ 𝑀𝑀𝐴𝐴

𝑀𝑀
𝐻𝐻

±
≈
𝑀𝑀
𝐻𝐻



Vacuum stability & perturbativity
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For tan𝛽𝛽 ≫ 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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Muon 𝑔𝑔-2
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electron g-2 limit

𝜎𝜎

3σ 1.4σ

𝜆𝜆ℎ𝐴𝐴𝐴𝐴 ≈ 𝑣𝑣 𝑠𝑠𝛽𝛽−𝛼𝛼
2𝑀𝑀𝐻𝐻

2 − 𝑀𝑀ℎ
2 − 2𝑀𝑀𝐴𝐴

2

𝑣𝑣2 ≳ 0.3𝑣𝑣

ℎ → 𝐴𝐴𝐴𝐴



Conclusion
• Imposing muon 𝑔𝑔-2 singles out Type X 2HDM.
• The 1𝜎𝜎 region is excluded by LHC Higgs data forbidding h→ 𝐴𝐴𝐴𝐴.
• At 2𝜎𝜎 allowed is 𝑡𝑡𝛽𝛽 > 70, 𝑚𝑚𝐴𝐴 = 63 − 80 GeV &𝑚𝑚𝐻𝐻 ,𝑚𝑚𝐻𝐻± ≲ 220 GeV.

• Single production of the extra Higgses are suppressed by large 𝑡𝑡𝛽𝛽
or small 𝑐𝑐𝛽𝛽−𝛼𝛼.

• Pair productions will be readily probed at LHC14:
𝑝𝑝𝑝𝑝 → 𝛾𝛾/𝑍𝑍/𝑊𝑊 → 𝐻𝐻+𝐻𝐻−,𝐻𝐻𝐻𝐻,𝐻𝐻±𝐻𝐻,𝐻𝐻±𝐴𝐴 with 𝐻𝐻± → 𝜏𝜏±𝜈𝜈,𝐻𝐻/𝐴𝐴 → 𝜏𝜏+𝜏𝜏−.
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