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Introduction
• Studies on the physics potential for FASER/SND@LHC has highlighted there is a huge potential for larger 

detectors with improved capabilities to be placed on the collision axis line of sight at the LHC
• This has led to the proposal of the Forward Physics Facility (FPF) as a new dedicated facility to house such 

experiments
• The FPF has been studied in the context of the CERN Physics Beyond Colliders effort for the last 3 years with 

excellent progress across all fronts:
• Physics studies
• Design of experiments
• Design of facility

• Strong, first results from pathfinder FPF experiments FASER and SND@LHC  strengthen the physics case 
• See FASER and SND@LHC talks tomorrow!

• 2 weeks ago we held the 6th FPF workshop at CERN with lots of interesting results shown and many nice 
discussions!
• https://indico.cern.ch/event/1275380/

• Recent documents on the FPF:
• https://www.osti.gov/biblio/1972463

• Summary for P5 US funding process
• https://cds.cern.ch/record/2851822

• Update on technical facility studies 
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FPF Location
- ~600m from ATLAS IP
- On CERN land (SM18 area)
- In France
- 10m minimum distance from 

facility to LHC  



LHC tunnel
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FPF Design
- 65m long cavern
- ~9m wide/hide
- 88mm below surface (same 

height as LHC in this area)
- Access shaft
- Surface buildings
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FPF Experiments
FLArE: LAr TPC (neutrinos + DM scattering) FORMOSA: Scintillators  (milicharged)FASERν2: Emulsion (neutrinos)

AdvSND: electronic (neutrinos)
FASER2: tracking spectrometer (LLPs)

20tn
10tn fiducial

5tn target
Off-axis

See dedicated talk on FLArE later today 
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FPF Experiments – pathfinder results
FLArE: LAr TPC (neutrinos + DM scattering) FORMOSA: Scintillators  (milicharged)FASERν2: Emulsion (neutrinos)

AdvSND: electronic (neutrinos)

20tn
10tn fiducial

5tn target
Off-axis

FASER2: tracking spectrometer (LLPs)

More details in dedicated FASER / SND@LHC and MilliQan talks tomorrow!
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! Drilling machine in place

! Works started

! Core samples

Site Investigation works
CERN civil engineering
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• 100m deep core (20cm diameter):
• 0.0 to 5.7m: heterogeneous fill comprising gravel,

moraine and molasse rock from former excavations,
as well as concrete and metal debris.

• 5.7 to 13.6m: mainly consolidated silty-clay
Würmian moraine.

• From 13.6m: red molasse, consisting of alternating
marl, sandstone and sandy marl.
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Site Investigation works: First Results

No big issues identified in first analysis of the core.
No water table identified - good news, as reduces potential issue from water ingress.

CERN civil engineering



Other studies on the Facility
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Several results from detailed FLUKA simulations: 
- Expected muon flux of 0.6 Hz cm-2 close to the LOS, rising >1m away in the horizontal

- Forms main background for FPF experimens
- Expected neutron and high energy hadron flux less than threshold for silicon damage or radiation 

effects on electronics
- Radiation levels expected to be low enough that access to cavern possible during beam operations 

with some restrictions

Study of the effect of excavation works (vibrations/tunnel movements) on beam operations shows 
positive results.

CERN FLUKA, RP, 
beam physics  teams
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Physics Studies: Neutrinos

Baseline spectra (with stat errors 
shown)
Enhanced strangeness model 
related to cosmic ray muon puzzle
Small-x gluon saturation 
BSM sterile neutrino oscillation

FPF allows to scale up neutrino detector target mass by O(10x) copared to FASERnu/SND@LHC, combined with 10x more 
luminosity for the HL-LHC.
Leads to O(105) νe, O(106) νµ, O(104) ν𝜏
Enabling precise cross section measurements, first obervation of anti- ν𝜏, precise studies of ν𝜏 properties, studies of ν
production of heavy flavour and many studies related to QCD (next slides). 



Physics Studies: quark PDFs
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• Large rate of high energy neutrino’s interacting in FPF detectors
• Turns the LHC into a neutrino-ion collider 
• Charged current analogue of the Electron Ion Collider, covering similar 

kinematic range
• High statistics allows differential measurements of neutrino/proton Deep 

Inelastic Scattering (DIS)
• Impact assessed by PDF fits using xFitter and NNPDF comparing current 

uncertainties with those including FPF data
• Significant improvements seen (>2x)
• Will improve measurements searches at HL-LHC (MW, high mass DY, ..)
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• Charm production from gluon fusion
• Forward charm probes small- and large- x gluons 
• High energy electron neutrinos measured in the FPF come from charm
• FPF measurements can constrain low-x gluon PDF in currently unconstrained region
• Relevant for future colliders:

• e.g. Higgs production at FCC

Physics Studies: gluon PDFs
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Physics Studies: Electron Neutrinos

Baseline spectra (with stat errors 
shown)
Enhanced strangeness model 
related to cosmic ray muon puzzle
Small-x gluon saturation 
BSM sterile neutrino oscillation

FPF forward charm measurements (via νe) very relevant for neutrino telescopes observation of diffuse high energy 
astrophysical neutrinos, where main background is from charm production in high energy cosmic ray interaction in 
atmosphere. FPF rapidity probes most relevant energy region.
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Physics Studies: BSM
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Example FASER2 sensitivity 
in various models.
Many more models included 
in the white paper:
J. Phys. G 50 (2023) 030501, 
1-410 (arxiv:2203.05090)

https://arxiv.org/abs/2203.05090
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Searching for muonic forces (motivated by g-2) with FASERν2
( arxiv:2305.03102 )

https://arxiv.org/pdf/2305.03102.pdf
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Physics Studies: BSM
FPF experiments have strong sensitivity in the usual dark 
sector benchmark scenarios:
Dark photons, Dark Higgs, ALPs etc…

Recent studies looking at models where high energy of LHC 
beam brings sensitivity (e.g. compared to beam dump 
experiments). 

1810.01879 – A.Berlin, F.Kling
2301.05252 – K.Diennes, J.L.Feng, M.Fieg, F.Huang, S.J.Lee, B.Thomas
2305.16781 – K. Jodlowski
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Physics Studies: BSM
FPF experiments have strong sensitivity in the usual dark 
sector benchmark scenarios:
Dark photons, Dark Higgs, ALPs etc…

Recent studies looking at models where high energy of LHC 
beam brings sensitivity (compared to traditional LLP 
experiments such as beam dumps). 

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

• Produced in pairs, with very low intrinsic pT of the system
• In this case very forward FPF detectors sensitive to heavy particles 

(masses up to TeV) 

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



Summary

23

Excellent progress in all aspects of the Forward Physics Facility in last year

Technical:
• Site investigation study ongoing, first results look encouraging
• Many other positive studies related to the facility (background rates, radiation, excavations etc…)
• Design of the experiments advancing well

Physics case (covering neutrinos, QCD, BSM and with strong connections to astroparticle):
• Strong first results from FASER/SND@LHC highlight strong physics potential
• First quantitative studies of Standard Model physics case very encouraging
• Investigating sensitivity in BSM models not within reach of typical LLP experiments

Next steps:
• Updated costing of facility
• Work on integration of experiments into facility including infrastructure/services requirements
• Collaboration building and securing funding
Aim to submit LOI to LHCC in early 2025

Many thanks to the CERN PBC for invaluable support!



Final Words….
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The FPF is fully aligned with the recommendations of the European Strategy for Particle Physics and the the US 
Snowmass process.
It represents a sustainable project to maximise the physics from the HL-LHC with a very broad physics programme.
If you are interested in getting involved please contact me: Jamie.Boyd@cern.ch
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FPF Organization
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! At depths of 67.3, 76.20 and 82.0 m, 40 to 70 cm thick levels of very soft, crushed marl soil like (hard clay and 
silt with concretions of marls and sandstone) were found

• Should be taken into consideration for the design of the shaft and experimental cavern
! Signs of hydrocarbons were found in the soft sandstone at depths between 84m and 90m 
• The excavated material needs to be disposed in a biocentre or in a non-hazardous waste 

storage facility
! Foundations of the surface buildings will sit within the moraine. 
• Additional shallow boreholes are recommended to check the variations in the thickness of the 

backfill over the entire area
! No water table has been identified. Overall the ground is not very permeable, only low-flow infiltration has 

been identified in a slightly more permeable zone of the moraine. 
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Site Investigation works: First Results
CERN civil engineering

Report on detailed analysis of site investigation in preparation.
Will feed into updated costing of facility.



Vibrations etc…
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Study on effect of excavation work on HL-LHC (& SPS) operations in terms of 
vibrations and possible tunnel movements, based on similar studies for HL-LHC
civil engineering works close to ATLAS/CMS.
Preliminary results presented at IPAC conference in May and public document 
available.

https://www.ipac23.org/preproc/pdf/THPA039.pdf
CERN Beam Physics and Mechanical engineering groups

Results seem positive that FPF excavations could happen during beam operations.
Last line of the conclusions:
“The general conclusion is that no major disruption of the HL-LHC and SPS
performance is expected during the FPF excavation works.”

https://www.ipac23.org/preproc/pdf/THPA039.pdf
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The Facility Design
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J. Rojo et al.


