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BSM physics at FPF 

Figures from P5 FPF Summary Document, F. Kling

• There is a diverse, compelling BSM physics case for the FPF

• LLPs, dark matter, millicharged particles, neutrino BSM, quirks, and many other examples

• Large, international community of physicists (~several hundred) interested in BSM at FPF

[Foroughi-Abari, Kling, Tsai, 2010.07941]



Working Group 4: BSM Physics

• Extensive BSM physics case already established and surveyed in FPF whitepapers, 2109.10905, 
2203.05090

• Goals of WG4 include studies of less well-explored BSM opportunities and simulation tool 
development/refinement. Some examples:

• Further detailed simulation development, coverage of relevant benchmark models (FORESEE)

• Neutrino-philic BSM (e.g., active-sterile oscillations, tridents, neutrino-coupled forces, neutrino-DM 
interactions…)

• Requires detailed understanding of neutrino fluxes — see Toni Makela’s talk next

• BSM physics opportunities with muons traversing the FPF

• Exploiting unique FPF experimental capabilities, 

• e.g., high LHC energies, lowering thresholds, timing, …



Recent BSM at FPF Highlights







Hunting muonic forces at emulsion detectors 
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Bulk - fixed target /w track information
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Basic idea: use FASER  as a instrumented fixed targetν
Ariga et al. 2305.03102

Large muon flux 
Eμ ≳ 100 GeV
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Nμ ∼ 2 × 109 ( ℒ
250 fb−1 )

ℒ ⊃ gχμ̄μ

ℛfi ≡ Ef /Ei
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SM energy deposition
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Background : rare SM processes
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Slide from R. Balkin



Quirks at FASER, FASER2

• Quirks: exotic particles that carry SM charges and 
form bound states of macroscopic size due to a dark 
non-Abelian force.

• Previous studies focused on detailed simulation of the 
quirk trajectory and passage through material en 
route to FASER(2)

• New, ongoing work: new, powerful quirk search 
strategies using timing to mitigate backgrounds:

1.Search based on arrival time of the quirk-antiquirk 
pair (dashed)

2.Search using time difference between quirk 
passage through front and back scintillators (solid) 

[J. Li, J. Pei, L. Ran, W. Zhang, 2108.06748]

[J. Li, J. Feng, J. Pei, X. Liao, in progress]

Figures, input from Jinmain Li





Outlook

• A broad and exciting BSM physics case has been developed for the FPF.

• BSM at FPF continues to be a active research direction, with many recent works since the FPF 
whitepapers, e.g., 

• Photon-coupled LLPs, lepton number violation, lepton flavor violation, leptoquarks, neutrino-dipole 
portal, axion-like particles, heavy QCD axions, light neutralinos and RPV,…

• There is discussion of organizing a FPF Theory Day meeting to highlight recent theoretical 
developments related to FPF physics. 

• We (B. Batell, M. Diwan, S. Trojanowski) organize monthly meetings on Forward Physics, with a focus 
on FLArE, but also of more general interest — please reach out to one of us if you would like to 
follow these meetings.


