
Long-lived neutral scalar 
searches at FASER

Wei Su

ITP, Beijing, 9 Jun

2022.06xxx (F. Kling, S. Li, S. Su, H.Song, WS )



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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Ø Naturalness
Ø Muon g-2
Ø B anomaly
Ø … We  are now searching for BSM discovery



FASER: ForwArd Search ExpeRiment
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FASER

• The most important one is, low PT is not covered 
• many hadrons: 10^17 π, 10^16 K, 10^15 D, 10^14 B with E~TeV
• particles are collimated θ ~ ΛQCD/E 

Production



FASER

• Outside the LHC tunnel: a few hundred meters
• LHC infrastructure acts and rock act as shielding 
• particles are still highly collimated

Travel



FASER: Detector



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.



Other proposals for LLP

1810.03636 

1606.06298

1909.13022 

1708.09395 



BSM @ FASER

https://faser.web.cern.ch/physics

• Heavy Neutral Leptons arXiv: 1801.08947

• Heavy Neutral Fermions arXiv: 1803.02212

• dark photons arXiv: 1708.09389

• Long-lived biνo arXiv: 2103.01251

• Dark Higgs Bosons arXiv: 1710.09387
• Axion like Particle arXiv: 1806.02348

• …

2022 Snowmass Summer Study   2203.05090

https://arxiv.org/abs/1801.08947
https://arxiv.org/abs/1803.02212
https://arxiv.org/abs/1708.09389
https://arxiv.org/abs/2103.01251
https://arxiv.org/abs/1710.09387
https://arxiv.org/abs/1806.02348
https://arxiv.org/abs/2203.05090
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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` depending in `x.x` and `x.y` (default: `np.sqrt(x.x**2 + x.y**2)< 1`)
- the decay `channels` which the detector can see (default: None, meaning all of them)



Production 
FORESEE

Pion
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Production 

𝜼 𝜼0 𝑲1



Production: CP even scalar

K



Production: CP even scalar

Main contribution



Production: CP even scalar

Weak  contribution



Production: CP odd scalar

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



Decay

Well studied ?

Scale-ind

Scale > 2/3 GeV Chiral Perturbativity… 

arXiv:1809.01876 
arXiv:1612.06538 
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Decay: CP even scalar

Hadronic decays into pions and kaons for mφ < 2 GeV 
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Decay: CP even scalar
mφ < 2 GeV

Leading order chiral perturbaEon theory

𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑣𝑒 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠



Decay: CP even scalar

SM + 𝑠𝑖𝑛𝑔𝑙𝑒𝑡

Match at m=2 GeV



Decay: CP odd scalar

arXiv:1612.06538 
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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 32



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



Constraint







Benchmark Scenario
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Thanks !
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Motivation: BSM hints

We  are now searching for BSM discovery










