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f ∈ ℝYukawa Interaction:

In this talk: Higgs precision can make or break the SCPV 2HDM



Spontaneous CP Violation in 2HDM
CPV arises dynamically from vev, not from complex parameters in the Lagrangian

Φa = eiξa

ω+
a

1

2
(va + ha + iza)

, (a = 1,2), ⟨Φ1⟩ =
1

2 ( 0
v cβ), ⟨Φ2⟩ =

1

2 ( 0
v sβ ei ξ),

V = m2
1 |Φ1 |2 + m2

2 |Φ2 |2 − (m2
3Φ†

1Φ2 + h.c.) +
λ1

2
|Φ1 |4 +

λ2

2
|Φ2 |4 + λ3 |Φ1 |2 |Φ2 |2 + λ4 |Φ†

1Φ2 |2

+[ λ5

2
(Φ†

1Φ2) + λ6 |Φ1 |2 + λ7 |Φ2 |2 ](Φ†
1Φ2) + h.c. . {m2

i , λi} ∈ ℝ

ℒY = − ∑
a=1,2

[Q̃L Ỹa
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u Φc
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SCPV 2HDM : Scalar Sector 
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 Minimisation of the potential :  


 Charged Higgs : 

m2
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2 , m3
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mH± = v λ5 − λ4
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SCPV 2HDM : Scalar Sector 
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 We assumed Higgs alignment   


 The scalar trilinear couplings: 

⇒ λ6/7 = f(λ1−5, tβ, tξ)

SCPV 2HDM : Higgs to di-photon 
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 The effective potential is given at one-loop :  Veff = V0 + V1 + VCT

SCPV 2HDM :  λhhh

V1 =
nϕ

64π2
m4

ϕ(φ) ln (
m2

ϕ(φ)
μ2 ) − c + ⋯, (ϕ = H±, H1, H2, H3)

 Preserve the correct vacuum and physical scalar masses: Renormalization conditions
∂(V1 + VCT)

∂ϕi
ϕ=v

= 0 &
∂2(V1 + VCT)

∂ϕi∂ϕj
ϕ=v

= 0

 In the alignment limit we get: 

{mi, λi} → {δmi, δλi}

Veff, φ1φ1φ1
= − 3!λh′￼1h′￼1h′￼1

−
1

32π2 ∑
ϕ

nϕ
λ3

ϕϕh′￼1

m2
ϕ

.

S. Kanemura, S. Kiyoura, Y. Okada, E. Senaha, and C. P. Yuan, PLB 558, 157 (2003) 
S. Kanemura, Y. Okada, E. Senaha, and C. P. Yuan PRD 70, 115002 (2004)
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SCPV 2HDM : Fermion sector
ℒY = − ∑

a=1,2
[Q̃L Ỹa

d Φa d̃R + Q̃L Ỹa
u Φc

a ũR + L̃L Ỹa
e Φa ẽR + h.c.], Ỹa

f ∈ ℝYukawa Interaction:

ℒY = − [Q̃L ( 2
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v
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Higgs Basis

Ỹ1
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2
v

cβVf MfU†
f − sβVfYfU†

f , Ỹ2
f = e2iIf ξ [ 2

v
sβVf MfU†

f + cβVfYfU†
f ] .

f̃L = Vf fL, f̃R = Uf fR . VCKM = V†
uVdFermion mass basis

ℒY = − [Qd
L ( 2

v
MdΦ + YdΦ′￼) dR + Qu

L ( 2
v

MuΦc + YuΦ′￼c) uR + LL ( 2
v

MeΦ + YeΦ′￼) eR + h.c.],
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ℑỸ1

f = ℑỸf
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 The complex phase of the mass matrix appears as the overall phase


 Yukawa mis-alignment is necessary to generate CKM phase. 


We assume partial alignment in bottom and lepton sector. 



Constraints : Collider and Flavor

Flavor Constraints: 
 
Bd − B̄d, Bs − B̄s, D − D̄, b → sγ

LHC Constraints : 
pp → t H/A → t (t q̄); q̄ ≡ ū, c̄

pp → t b H± → tb tb

Coupling which can be large : Yu[3,2](ρtc) & Yu[3,3](ρtt)



Constraints : EDM
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Constraints
 Vacuum Stability, Unitarity, STU


 Flavour constraints 


 Electric dipole moment (EDM)


 LHC Direct searches

SCPV 2HDM : Constraints and BPs

Uu =
1 0 0
0 c23 s23e−iδ23

0 −s23eiδ23 c23

c13 0 s13e−iδ13

0 1 0
−s13eiδ13 0 c13

c12 s12e−iδ12 0
−s12eiδ12 c12 0

0 0 1

ρij
u =

2
s2βv [(c2β +

i
tξ )(Mu)ij − (1 +

i
tξ )(VVTMuUT

u Uu)ij]



SCPV 2HDM & Higgs Precision Measurements
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SCPV 2HDM : Characteristic Phenomenology
  is always below   threshold & mostly decays to  

  and  can decay via bosonic final states. Sometimes  is also possible 

H2 tt̄ tc

H3 H± H± → cb

Tanmoy Mondal, Kei Yagyu, ArXiv: 2505.05104



 SCPV in 2HDM features non decoupling behaviour


 We estimated deviation in triple Higgs coupling and 


 Existing constraints forces a correlation between 


 Existing data limits 


 Higgs-precision@HL-LHC will make or break SCPV in 2HDM


 We can also look for characteristic phenomenological signature of BSM scalars @ LHC

H → γγ

λhhh & ℬ(H → γγ)

mH± > 220 GeV

Conclusion

Thank You





Scalar Sector
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