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• The LHC has discovered a Higgs-like particle  
of mass 126 GeV in 2012. 
 

• The ATLAS and CMS updated the Higgs search results 
with the data of 5/fb(7 TeV) + 21/fb(8 TeV) in 2013. 
 

• The particle gets closer to the SM Higgs,  
with its couplings as well as spin-parity. 
 

• But it could be “a Higgs” of some extended model,  
rather than “the Higgs” of the SM. 
 

• The 2-Higgs doublet model (2HDM) is a good candidate 
for such a possibility. 
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tan𝛽 =
𝑣𝑢
𝑣𝑑
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5 Higgs bosons 
 
𝒉𝟎 : CP-even light neutral  
𝑯𝟎 : CP-even heavy neutral  
𝑨𝟎  : CP-odd pseudoscalar  
𝑯± : charged scalar 
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Avoiding the tree-level FCNC 
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Scenario-1 

Scenario-2 

The observed particle is the lightest CP-even Higgs ℎ0. 

The observed particle is the heavy CP-even Higgs 𝐻0, 
and the lightest ℎ0 is buried in the lower mass region. 
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ℎ = ℎ0 in S1  𝑜𝑟 𝐻0 (in S2) 
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signal strength 
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theory data 

1-s deviation 
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Flavor 

LEP for S-2 

Electroweak Precision Test 

perturbativity 
(𝑦𝑡,𝑏)
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4𝜋
≤ 1   → 0.3 ≤ tan𝛽 ≤ 50 

Br(𝐵 → 𝑋𝑠𝛾) excludes 
small 𝑀𝐻± ≤ 300 GeV for Type-II and Type-Y; 
small tan𝛽 for Type-I and Type-X. 
 
∆𝑀𝐵𝑑 excludes small tan𝛽 .  

∆𝜌 suppression: 
     almost degenerate 𝐴 and 𝐻±, or 

𝑀ℎ ≃ 𝑀𝐴, 𝑀𝐻 ≃ 𝑀𝐻± , sin2 (𝛼 − 𝛽) ≃ 1 

Non-observation of the Higgs  
in lower mass region <114 GeV at 𝑒+𝑒− collisions. 
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𝑯± is assumed to be heavy: 
𝑴𝑯±  ≥ 𝟒𝟎𝟎 GeV 

𝐭𝐚𝐧𝜷 > 𝟏       for Type-I, X 
𝐭𝐚𝐧𝜷 > 𝟎. 𝟓   for Type-II, Y 

|𝝃|𝟐 = |𝒄𝑽|
𝟐 ×

𝐁𝐫(𝒉𝟎→𝒋𝒋)

𝐁𝐫(𝒉𝐒𝐌→𝒋𝒋)
 < 0.155 (in S-2) 
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90% C.L. 

c2<c2
SM 
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|x2| < 0.155 
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• The observed boson could be the lightest CP-even ℎ0 
or the heavy CP-even 𝐻0 of the 2HDM.  
 

•  The 2HDM explains the LHC Higgs data very well, or 
better than the SM. 
 

• It is possible that the observed particle is 𝐻0  
while ℎ0 is buried in the 90-100 GeV. 
 

• The lightest ℎ0 could appear in the gg or tt channels 
in the Type-II, X, Y models. 
 

• High precision measurements below 1% level is needed 
to distinguish various models. 


