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Motivation: LLP
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Proposals for LLP 

1810.03636 

1606.06298

1909.13022 

1708.09395 

2

SHiP 1504.04956



Light LLP searches
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Eur. Phys. J. C (2020) 80:1177 



Eg: Production at FASER
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Production 

Mb

𝑩𝟎
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FASER:  radius R = 10 cm,
                 lenght D = 1.5 m,  
FASER 2: radius R = 1m,  
                 lenght D = 5 m.



Production: CP even scalar

Main contribution

b: 4.18 GeV,   B: around 5.3 GeV, 
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Decay: CP even scalar

mφ< 2 GeV 
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Hadronic decays into pions and kaons for

Leading order chiral
 perturbaAon theory 

mφ< 0.5 GeV 
𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒	𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠	 0.5GeV<mφ< 2 GeV 



Comparison

• SM+singlet
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https://github.com/shiggs90/Light_scalar_decay.git.  

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


Complete Light Higgs
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All constraints @ Type-I 2HDM



Complete Light LLP
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@ Type-I 2HDM



Results: CP even BM
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@ Type-I 2HDM



Future machines 
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Preliminary 



Case study
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higher luminosity 
helps to reach the 
weaker coupling 

region.

A larger detector, 
especially the radius 
helps to extend the 

reach in mA. 

Preliminary 



Q: possible to go beyond Mb @ FASER?
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eg: Long-lived charginos MLLP>Mb
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PhysRevLett.132.221801



MLLP>Mb
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Both the two methods, 
disappearing and displaced 
tracks, are focused on 
charged LLP

Displaced track : 

some assumptions



MLLP>Mb：Long-lived Higgsino

Higgsino-like neutralino @ MSSM

17



Production
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FASER for O(100) GeV LLP
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Conclusion • Light scalar decay: GeV scale
• Complete LLP at Type-I 2HDM
• Various facilities
• MLLP>MB 
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https://github.com/shiggs90/Light_scalar_decay.git.  

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


Thanks !
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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'±
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Decay

Well studied ?

Scale-ind

Scale > 2/3 GeV Chiral Perturbativity… 

arXiv:1809.01876 
arXiv:1612.06538 
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Production: CP even scalar

K
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Results: CP odd
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Results: CP odd
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Light H



Results: CP odd
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Results: CP even BM
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Decay: CP even scalar
mφ< 2 GeV 

Leading order chiral
 perturbaAon theory 

𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒	𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠	
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mφ< 0.5 GeV 

0.5GeV<mφ< 2 GeV 
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Light A： case-1


