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outline

• Motivation: Brief introduction to LLP
• Method: Brief introduction to FASER
• General study 

• Case study: 2HDM results

Ø Production
Ø Decay
Ø Constraints
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Motivation: LLP
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Ø Naturalness
Ø Muon g-2
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Ø … 

3



FASER: ForwArd Search ExpeRiment

4More details: K. Li ‘s Talk



Production 

Data base:  FORESEE
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: 2105.07077 F. Kling and S. Trojanowski,

PP à mesons  à LLP + X,   LLP  à charged tracks + X

https://arxiv.org/abs/2105.07077


Production 

Data base:  FORESEE

- the `distance` from the IP in meter (default: 480)
- the `length` in meter (default: 5)
- the `luminosity` in units of fb^-1 (default: 3000)
- the `selection` : (default: `np.sqrt(x.x**2 + x.y**2)< 1`)
- the decay `channels` which the detector can see
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Production 
FORESEE

Pion

FASER: radius R = 10 cm,
lenght D = 1.5 m,

FASER 2: radius R = 1m,
lenght D = 5 m.
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Production: CP even scalar

K
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Production: CP even scalar

Main contribution

b: 4.18 GeV,   B: around 5.3 GeV, 
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Production: CP odd scalar

CP-odd particle mixing production: contribute mainly at mass peak
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Decay : CP even scalar

Well studied ?

Scale-ind

Scale > 2/3 GeV Chiral Perturbativity… 

arXiv:1809.01876 
arXiv:1612.06538 
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Decay: CP even scalar
mφ< 2 GeV

Leading order chiral perturbaQon theory

mφ< 0.5 GeV
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Decay: CP even scalar
mφ< 2 GeV

Leading order chiral perturbaQon theory

𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠
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mφ >0.5 GeV



Decay: CP odd scalar

arXiv:1612.06538 
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Constraints

• current experiments (typically considered ) 

MicroBooNE
dipoton
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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 16



Case study: 2HDM

• Type-I: easy at large tan 𝛽 for both A and H
• A: impossible for other 3 types
• H: hard for other 3 types ( fine-tunned )

Genearally: c𝑜𝑠( 𝛽 − 𝛼) = 0

Small couplings
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Constraint and 2HDM

Benchmark Scenario: 
theoretical constraints, Z-pole direct search, invisible h decay

Light H is easier to be long-lived
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Results: CP even
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Results: CP even
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Results: CP odd
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Results:  for case study

•higher luminosity helps to reach the weaker coupling 
region.
• A larger detector, especially the radius helps to 

extend the reach in mA. 
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Summary
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:   public code



Thanks !
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Constraint

15

−125/GeV/ < 𝜆v/ < 600/GeV/

𝜆 ∈ ( −0.26, 5.95 )
𝜆0 = 𝜆1 = 𝜆2 − 0.258 = −𝜆

Theoretical constraints

λv! ≡ m)
! −m"!

! /s*c*

cos β − α = 0,
𝑚! ≡ 𝑚" = 𝑚# = 𝑚"±



Constraint

Theoretical constraints λv/ ≡ m3
/ −m4/

/ /s5c5 = 0
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Constraint

Oblique constraints: Z pole

Direct search at LEP

arXiv: 1301.6065
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Constraint

Invisible Higgs decays 

< 0.24 
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Results: CP odd
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Decay: CP even scalar
mφ< 2 GeV
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FASER: Detector

FASER: radius R = 10 cm, lenght D = 1.5 m,
luminosity L = 150 fb-1,

FASER 2: radius R = 1m, lenght D = 5 m,
luminosity L = 3 ab-1.
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