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2HDM - quick review

The general Higgs sector potential:
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a = 1, 2

where v1 = v cosβ, v2 = v sinβ, v ≈ 246 GeV, 0 ¬ β ¬ π/2

Neutral physical states: (−π/2 ¬ α ¬ π/2)

h = −ρ1 sinα + ρ2 cosα, H = ρ1 cosα + ρ2 sinα
A = −η1 sinβ + η2 cosβ
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2HDM - Yukawa

Lagrangian Yukawa:

L(q)
Y = Q̄LΓ̃1uRΦ̃1 + Q̄LΓ1dRΦ1 + Q̄LΓ̃2uRΦ̃2 + Q̄LΓ2dRΦ2 + h.c.

and

Mu = −Γ̃1 < Φ̃1 > −Γ̃2 < Φ̃2 >, Md = −Γ1 < Φ1 > −Γ2 < Φ2 >

Type I: Φ1 → −Φ1, λ6 = λ7 = 0
(Z2 softly broken by m212 6= 0)

Type II: Φ1 → −Φ1 and dR → −dR, λ6 = λ7 = 0
(Z2 softly broken by m212 6= 0)
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Parameters

7 parameters in scalar potential, multiple possible basis

General basis:
λ1, λ2, λ3, λ4, λ5
m212, tg β

Physical basis:

mh,mH,mA,mH± , sin(β − α)
m212, tg β

2 types of Yukawa interaction
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Constraints

Theoretical Constraints (SUP):

tree level vacuum Stability
λ1, λ2 > 0 λ3 > −

√
λ1λ2

λ3 + λ4 − |λ5| > −
√
λ1λ2 (when λ6 = λ7 = 0)

perturbative Unitarity |Li| < 8π
Perturbativity |Chjhjhkhl | < 4π
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Experimental Constraints:

precision electroweak data: S,T,U constraints
bounds in the (mH± , tg β) plane from various B-physics
constraints for the type I/II (0805.2141, 1006.0470,
0912.0267)

LEFT: solid line: bounds from Z→ bb̄, εK,∆Bs ; dashed: bounds from B→ γXs
RIGHT: bounds from various B-physics constraints for the typeII model
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LHC signal normalized to SM predictions

Rhigg(X) ≡ (Chigg)
2 BR(hi→X)
BR(hSM→X) , RhiVBF(X) ≡ (ChiWW)2 BR(hi→X)

BR(hSM→X)

Chigg,C
hi
WW are ratios of gg→ hi, WW→ hi couplings to the SM
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Input parameters:

model type (I or II)
physical masses (mh,mH,mA,mH±)
tg β
m212

2HDMC code:
D. Eriksson, J. Rathsman and O. Stal,
Comput. Phys. Commun. 181, 189 (2010), arXiv:0902.0851
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Different Possible Scenarios:
I. mh ' 125GeV

II. mH ' 125GeV
III. mh ' mH ' 125GeV
IV. mh ' mA ' 125GeV
V. mH ' mA ' 125GeV
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mh = 125GeV
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mH = 125GeV
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Degenerate Scenarios:

III. mh ' mH ' 125GeV

IV. mh ' mA ' 125GeV

V. mH ' mA ' 125GeV
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mh = mA = 125GeV
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Conclusions:

theoretical constraints (SUP) very important
easier to enhance Rgg for the type II model:
– Rh

i

gg
type II
max (γγ) ¬ 3,

– Rh
i

gg
type I
max (γγ) ¬ 1.3,

type II model implies too strong ZZ signal:
– Rh(H)
gg (γγ) < Rh(H)

gg (ZZ)
or too strong bb̄ signal:
– Rh+Agg (bb̄) > 3.75 for Rh+Agg (γγ) > 1.3 > Rh+Agg (ZZ)
H± effects up to ∼ 20%

Optimal signal for the type I model for tg β = 4, 20 within the
scenarios: I (mh = 125 GeV) and IV (mh = mA = 125 GeV).

light charged Higgs ∼ 90GeV
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