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The LHC produces an intense and strongly collimated beam 
of highly energetic particles in the forward direction. 

1017 π0, 1016 η, 1015 D, 1013 B within 1 mrad of beam

Can we do something with that? 
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Now: FASER and SND@LHC.
Two new experiments just started their operation in Run 3 of the LHC:

SND@LHC and FASER.
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Near Future: FPF.

The proposal: create a dedicated 
Forward Physics Facility (FPF) 

for the HL-LHC.

FASER and SND@LHC are highly constrained by 1980’s infrastructure that was 
never intended to support experiments



The FPF would house a suite of experiments that will greatly enhance the LHC’s 
physics potential for BSM physics searches, neutrino physics and QCD. 

Forward Physics Facility.

FASER2
magnetized spectrometer

for BSM searches

FORMOSA
plastic scintillator array 

for BSM searches

FLArE
LAr based

neutrino detector

AdvSND
electronic 

neutrino detector

FASERv2
emulsion-based
neutrino detector



Forward Physics Facility.

FPF workshop series:
FPF1, FPF2, FPF3, FPF4

FPF Paper: 
2109.10905

~75 pages, ~80 authors

Snowmass Whitepaper:
2203.05090

~450 pages, ~250 authors

https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090


Far Future: FPF@FCC.
Similar experiments should also be considered for future colliders such the FCC-hh.

Dedicated facility can be included from the beginning.

location ~1.5km downstream 
from IP possible 2007.12058 

https://arxiv.org/abs/2007.12058


Physics Potential.



BSM Physics Searches



Searches for BSM Physics.

BSM neutrino physics

dark sector searches



projected sensitivity

displaced decays 
long-lived particle 

prompt decays 
resonance searches

Dark Photon = gauge boson mixing with photon:           

Long-Lived Particle Searches.



A’ as DM mediator
[2105.07077]

A’ and iDM
[2105.05255]

A’ in String Theory
[2204.06469]

Generation of ε
[1909.00696]

Long-Lived Particle Searches.



Long-Lived Particle Searches.

FASER sensitivity

other proposed 
experiments 

mainly produced 
in B and K decays

flavour
constraints

Dark Higgs = light scalar mixing with SM Higgs:           



ϕ as DM
[Feng et al:1710.09387]

ϕ as relaxion
[Winkler: 1809.01876]

[Banerjee et al: 2004.02899]

ϕ as inflaton
[Bramante et al: 1608.08625]
[Okada, Raut: 1910.09663]

ϕ and NS mergers
[Dev et al: 2111.05852]

Long-Lived Particle Searches.



Long-Lived Particle Searches.

[Kling, Trojanowski: 2105.07077]

https://arxiv.org/abs/2105.07077


For details on many 
more models see 
1811.12522 and 
2203.05090.

Long-Lived Particle Searches.

https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/2203.05090


SM Physics Measurements



Neutrinos at Colliders.
There is a huge flux of neutrinos in the forward 

direction, mainly from π, K and D meson decays. 
[De Rujula et al. (1984)]
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In 2018, the FASER collaboration placed ~30 kg pilot
emulsion detectors in TI18 for a few weeks. 

First neutrino interaction candidates were reported. 
[FASER, 2105.06197]

 



all previous collider detectors
building-size, decades ~$1B

0 neutrino candidates

FASER Pilot Detector
suitcase-size, 4 weeks

$0 (recycled parts)
6 neutrino candidates

Neutrinos at Colliders.

slide by Jonathan Feng
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Neutrinos at Colliders.

new LHC experiment



Neutrinos at Colliders.
Colliders provides a strongly collimated beam of TeV energy neutrinos of 

all three flavours in the far forward direction. 

100TeV



Neutrinos Physics

Proposed FPF experiment have potential to detect O(1M) neutrinos. 
(including thousands of tau neutrinos)

FASERv and SND@LHC will detect O(10k) neutrinos. 
(including 10s of tau neutrinos)

LHC provides a strongly collimated beam of TeV energy neutrinos of 
all three flavours in the far forward direction. 



Neutrinos Physics

neutrino flux estimating using fast simulation and geometry from 2007.12058 

9M/10ton 300k/10ton15M/10ton

bigger target masses of up to kton could be possible (NuTeV was 0.7kton)
→ 30M tau neutrinos  

https://arxiv.org/abs/2007.12058
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FPF @ Future Colliders.

FPF@LHC: x > 5e-8
FPF@FCC: x > 9e-10

PDF with gg>cc

PDF via v-scattering: x ~ 1/Ev

FPF@FCC



forward charm production at the LHC 

constraints on prompt atmospheric 
neutrino flux at IceCube

cosmic ray muon puzzle:
observed excess of muons compared to hadronic 

interaction models

forward pion/kaons fluxes will provide 
crucial input

Astroparticle Physics.



Searches for BSM Physics.

BSM neutrino physics

dark sector searches



Summary.
FASER and SND@LHC  will soon start to
take data in LHC’s forward direction.
 
The FPF is proposed to continue this 
program during the HL LHC era. 

Significant extension of the 
LHC’s physics program.

Similar experiments should 
also be considered when 
designing future colliders!


