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Motivation and Introduction

LHC collisions produce an enormous number of particles along the beam collision 
axis, which escape existing LHC detectors.

π, K, D, μ, νe, νμ, ντ A’, a, HNL, mCP, DM … 

In recent years it became very clear that there is a broad program
of SM and BSM physics associated to these particles. 

Without dedicated detectors in the far-forward direction, the LHC would
be blind to this beautiful physics program.

The FASER experiment has been operating in LHC Run 3 to take advantage of this
– however, it has become clear that bigger and better detectors are needed to fully

exploit the physics potential in the far forward region of the LHC collisions.
This has led to the Forward Physics Facility proposal to maximise this physics, both 

in terms of neutrinos and searches for light, weakly coupled new particles.
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The FASER experiment, operating in Run 3 has already released several strong 
results, including the first observation of neutrinos from a collider!

3

FASER Results

First search results on dark photons and ALPs
[FASER, 2308.05587] [FASER, 2204.03599]

First observation of collider neutrinos:
153 events (FASER)
[FASER, 2303.14185] 

many more results to come: 
analyzed just 1% of the 

FASERnu data taken so far

First measurement of TeV energy neutrino
cross sections. [FASER, 2403.12520]

https://arxiv.org/abs/2308.05587
https://arxiv.org/abs/2204.03599
https://arxiv.org/abs/2303.14185
https://arxiv.org/abs/2403.12520


Neutrino Physics Overview
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LHC is source of most energetic human made neutrinos. 

thousands of neutrino interactions in current detectors (FASER / SND@LHC)

millions of neutrino interactions expected at FPF detectors

Neutrinos in the 1 TeV range: ~200-500 events/ 10 ton/day 
Tau neutrino flux and associated heavy flavour physics: ~1-2 events/10 ton/day



Neutrino Physics Overview
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Neutrino Physics Overview
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First measurements of the cross section in the LHC region by FASER.
But curently with very large uncertainties. The FPF would allow >100x more 
statistics (>10x target mass, >10x luminosity).

Zooming in around the TeV energy scale…. [FASER, 2403.12520, 2412.03186]

https://arxiv.org/abs/2403.12520
https://arxiv.org/abs/2412.03186


Collider Neutrino Origin
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Collider neutrinos are a novel probe of
forward particle production.

[FASER, 2402.13318]

1.5k ve 8.5k vμ 30 vτ

https://arxiv.org/abs/2402.13318


Laboratory for QCD

8

Neutrinos from forward charm production probe 
uncharted kinematic regimes in QCD.

[FPF 2203.05090]

Sensitive to a variety of 
phenomena: intrinsic 
charm, gluon saturation, 
BFKL dynamics, …

Unique ability to constrain 
PDFs at x~10^-7

[FPF 2411.04175]

https://arxiv.org/abs/2203.05090
https://arxiv.org/abs/2411.04175


Input for Astroparticle Physics
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forward charm production at the LHC 
constraints on prompt atmospheric 

neutrino flux at IceCube

cosmic ray muon puzzle: observed 8σ 
excess of muons compared to predictions 

from hadronic interaction models 

[FPF 2411.04175]

collider neutrino program is endorsed/supported by the astroparticle community 

https://arxiv.org/abs/2411.04175


Collider Neutrino Interactions
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Collider Neutrino Experiments
are a Neutrino-Ion Collider 

at EIC center of mass energies 

neutrino DIS 
at TeV scale color 

transparency

hadronization in 
nuclear medium

strangeness 
content of proton

shadowing

nuclear 
PDFs

EMC effect

neutrino DIS data will improve PDFs
[Cruz-Martinez et al. 2309.09581]

reduced PDF uncertainties for 
many LHC processes and breaks 

PDF/BSM degeneracy [FPF 2411.04175]
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https://arxiv.org/abs/2309.09581
https://arxiv.org/abs/2411.04175


Searches for BSM Physics
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[FPF 2203.05090]

https://arxiv.org/abs/2203.05090


BSM Searches
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FPF experiments would have strong 
sensitivity in all proposed CERN PBC dark 
sector benchmark models. 
Although not as sensitive as SHiP in many 
cases – there are other models where the 
energy of the LHC beams creates 
unparalleled sensitivity.



Examples of BSM Physics Reach
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[FPF 2203.05090]

FPF experiments have unique sensitivity in many Dark sector models.
For example:
- Inelastic dark matter: where the boost of the particles in the forward region of 
the LHC can allow states with very small mass splittings to observed.

https://arxiv.org/abs/2203.05090


Examples of BSM Physics Reach
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[FPF 2203.05090]

FPF experiments have unique sensitivity in many Dark sector models.
For example:
- Heavy quirks: where the high collision energy at the LHC is needed to produce 
them. (Note the quirks are heavy but the quirk pair system has very low pT and 
since the quirks pair is coupled by a dark colour ‘string’ they go in the forward 
direction)

https://arxiv.org/abs/2203.05090


Examples of BSM Physics Reach
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[FPF 2203.05090]

FPF experiments have unique sensitivity in many Dark sector models.
For example:
- Milicharged particles: The signal event rate can be >250x higher in the forward 
region of the collisions yielding the worlds best sensitivity across a broad range of 
masses/charges.

https://arxiv.org/abs/2203.05090


The Facility
Forward Physics Facility (FPF) will house a suite of dedicated forward experiments to 

exploit the physics potential in the forward direction. 
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Forward Physics Facility
The FPF status has been summarized recently in arXiv:2411.04175
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https://arxiv.org/pdf/2411.04175


FPF: Facility
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Various studies performed by CERN teams: 
- location study: preferred location 627 m west of the ATLAS IP, on CERN land

(low background location: shielded by 200m of rock)
- cavern design: 75 m-long and 12 m-wide cavern, cover 𝜂 > 5.1
- vibration study: excavation work possible during beam operation
- radioprotection study: cavern access possible during beam operation. 
- muon flux study: background rates OK for experiments and physicists
- site investigation and core drilling: geological conditions OK 
- safety study: one access point is sufficient
- transport and installation study: all large components can be transported into the facility

No technical show stoppers identified.
CERN has built many similar underground experimental areas -
gives confidence in the cost/time estimates and the proposed technical choices.



FPF: Facility
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Various studies performed by CERN teams: 
- location study: preferred location 627 m west of the ATLAS IP, on CERN land

(low background location: shielded by 200m of rock)
- cavern design: 75 m-long and 12 m-wide cavern, cover 𝜂 > 5.1
- vibration study: excavation work possible during beam operation
- radioprotection study: cavern access possible during beam operation. 
- muon flux study: background rates OK for experiments and physicists
- site investigation and core drilling: geological conditions OK 
- safety study: one access point is sufficient
- transport and installation study: all large components can be transported into the facility

No technical show stoppers identified.
CERN has built many similar underground experimental areas -
gives confidence in the cost/time estimates and the proposed technical choices.

Technical studies on the FPF facility (CE, integration, muon background, vibration
studies, safety etc..) documented in these PBC notes:
https://cds.cern.ch/record/2904086?ln=en
https://cds.cern.ch/record/2901520?ln=en
https://cds.cern.ch/record/2851822?ln=en

https://cds.cern.ch/record/2904086?ln=en
https://cds.cern.ch/record/2901520?ln=en
https://cds.cern.ch/record/2851822?ln=en


FPF: Experiments
FLArE: 10 ton LAr TPC 
for neutrino detection

FORMOSA: plastic 
scintillator array for 
MCPs

FASER2: tracking spectrometer for LLP 
searches and muon charge ID

FASERv2: 20 ton tungsten/emulsion
detector for neutrinos
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FPF: Cost
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Future Colliders
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Great potential for forward neutrino measurements and searches also 
muon collider [IMCC, 2407.12450] and FCC-hh [Abraham et al, 2409.02163]

1B neutrinos will allow many precision studies: 
PDFs at x~10⁻⁹, polarized PDFs, nuclear PDFs, neutrinos from heavy ions

https://arxiv.org/abs/2407.12450
https://arxiv.org/abs/2409.02163


Summary
A novel forward physics program has emerged to fully exploit potential of the LHC.   

Physics:
- Guaranteed unique results for TeV energy collider neutrino measurements to probe 

uncharted regions of QCD and provide crucial input for astroparticle physics.  
- Additionally, BSM searches for a broad range feebly interacting particles

Detectors:
- Four complementary detectors to fully exploit the available physics.
- Based on existing pathfinder experiments (FASER, miliQan) or well studied

technologies (LAr TPCs for DUNE).

Sustainability:
- Collider neutrino experiments do not require use energy (in addition to HL-LHC 

operations) to produce the beam. 

Time Scale:
- Mid-scale projects that can be realized on short and flexible timescales, offers

scientific and leadership opportunities. Important contributions from construction to
data analysis possible in a single graduate student lifetime.
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Backup…
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FPF Collaboration
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FPF studied by groups in: 
UK, Germany, Switzerland, Netherlands, Serbia, Romania, US, Japan
Room for additional contributions – let me know if you are interested to get involved!

Steering Committee: 
Jamie Boyd (CERN), Albert De Roeck (CERN), Felix Kling (DESY), Milind Diwan (BNL), Jonathan 
Feng (UCI)

Detector/Physics WG conveners:
Alan Bar (Oxford), Aki Ariga (Chiba), Tomoko Ariga (Kyushu), Steve Linden (BNL), Jianming Bian
(UCI), Matthew Citron (UCSB), Juan Rojo (Nikhef), Anna Stasto (PennState), Luis Anchordoqui
(Lehman), Dennis Soldin (Utah), Brian Batell (Pittsburgh), Sebastian Trojanowski (Warsaw)

8th FPF workshop at CERN in Jan 2025



Physics Beyond Colliders
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Site Investigation Summary
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Civil Engineering Costing
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FPF: Timeline
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Experimental Details: Muon Background
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Muon background in FPF studied with detailed FLUKA simulations.
Includes realsitic description of LHC infratsructure between IP and FPF (magnets,
abosorbers, collimators etc…). Simulation validated with FASER and SND@LHC 
data.
Flux ~0.5Hz/cm-2 along collision axis line of sight (LOS).
Rises by an order of magnitude when going ~2m from LOS in horizontal direction 
(opposite direction for mu+ and mu-)



Transverse size of neutrino beam
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The neutrino beam is very 
collimated.
The flux falls off by about 50% at:
- 10cm for nu_mu
- 20cm for nu_e
- 50cm for nu_tau

The production process also varies 
with rapidity, and mapping out in 
energy/rapidity will provide 
important information on forward 
hadron production.



Experimental Details: FLArE TPC
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FLArE made up of 21 TPC modules.
10tn fiducial mass.

Exploded CAD view 
of a TPC module

Installation sequence of TPCs 
into cryostat studied. 
Horizontal insertion solution 
favoured.



Experimental Details: FLArE TPC
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TPC requirements similar to DUNE Near Detector. Benefit from ND R&D.



Experimental Details: FASER2 Magnet
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Key component of FASER2 is a large area, air core 
superconducting dipole magnet.
Transverse size: 3m x 1m (gap)
Bending power: 2Tm
Two solutions identified:
- Custom made by Toshiba (similar to SAMURAI 

experiment magnet)
- Multiple off-the-shelf “crystal puller” magnets 

(Toshiba or TESLA electroncis)
Discussions with companies show both fulfill
requirements and are affordbale (<5MCHF)



Experimental Details: FASERnu2
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The Dawn of Collider Neutrino Physics
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Searches for BSM Physics
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Discovery prospects for 
LLPs at FASER/FPF have 
been analyzed for a huge 
number of models. 

Many of them related to 
various outstanding 
fundamental questions in 
particle and astro-particle 
physics.  

[FPF 2203.05090]

https://arxiv.org/abs/2203.05090


Strongly Reviewed in Snowmass
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[Snowmass ExecutiveSummary]

https://www.slac.stanford.edu/econf/C210711/reports/ExecutiveSummary.pdf


FASER Experiment
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~1 ton target 
mass

1 ton FASERv 
tungsten emulsion 
detector for neutrino 
measurements. Also 
target for electronic 

measurements using 
muon appearance. 

decay volume, 
tracking 

spectrometer
and calorimeter 
system primarily 
designed for new 
physics search 

centered on beam 
collison axis where 
flux is largest: η>8.8 

[FASER 2207.11427]

operation during
LHC Run 3

https://arxiv.org/abs/2207.11427


FASER Location
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Light LLPs /

The FASER experiment started operation in 2022 to take advantage of this and to 
search for new, light, long-lived particles (LLPs), and study high energy neutrinos in the 
far forward region of the LHC collisions. The experiment has a 1.1tn neutrino target, and 
a 1.5m-long,20cm diameter decay volume, it is situated ~500m from the ATLAS collision 
point, on the beam collision axis line-of-sight (LOS).



ATLAS

beam axis

LHC

SPS
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FPF/FASER Locations

FASER/FASERv

Forward Physics Facility 
(FPF) 


