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outline
•  Motivation: LLP and FASER
•  2HDM: complete Type-I study 
• Study method: EFT and BMs
•  Conclusion 
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Motivation:LLP
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Production 
FORESEEPion

FASER:  radius R = 10 cm,
                 lenght D = 1.5 m,  
FASER 2: radius R = 1m,  
                 lenght D = 5 m.
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Case study: 2HDM

l Two Higgs Doublet Model

lParameters (CP-conserving, Flavor Limit, 𝑍! Symmetry)

𝑚""
! , 𝑚!!

! , 𝜆", 𝜆!, 𝜆#, 𝜆$, 𝜆%

Soft	 𝑍! symmetry breaking: 𝑚"!
!

𝑣, tan 𝛽 , 𝛼,𝑚& , 𝑚' , 𝑚(, 𝑚'±

246 GeV 125. GeV 4light



Constraint
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−125!GeV! < 𝜆v! 	< 600!GeV!

𝜆 ∈ (	−0.26, 5.95	)
𝜆" = 𝜆# = 𝜆$ − 0.258 = −𝜆

Theoretical constraints

λv! ≡	m)
! −m"!

! /s*c*

cos β − α = 0,	
	𝑚! ≡ 𝑚" = 𝑚# = 𝑚"±



Constraint Theoretical constraints λv! ≡	m%
! −m&!

! /s'c' = 0
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Constraint Direct search at LEP

arXiv: 1301.6065
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Constraint
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Oblique constraints: Z pole



Constraint
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Oblique constraints: Z pole



Constraint
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Oblique constraints: Z pole



Constraint Invisible Higgs decays 

< 0.107 
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Light H
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Light A： case-1
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Light A： case-2



All constraints: allowed LLP at Type-I 2HDM 
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Collider analysis 
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Production: CP even scalar

Main contribution

b: 4.18 GeV,   B: around 5.3 GeV, 17



Decay: CP even scalar
mφ< 2 GeV 

Leading order chiral perturbaGon theory 

mφ< 0.5 GeV 

18



Decay: CP even scalar
mφ< 2 GeV 

Leading order chiral perturbaGon theory 

𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒	𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠	
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mφ >0.5 GeV 

https://github.com/shiggs90/Light_scalar_decay.git.



BMs
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BMs
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BMs
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Conclusion 
• Complete allowed LLP at Type-I 2HDM
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Thanks !


