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Neutrinos at the LHC

 electron neutrinos mostly from D-meson decays above 
500 GeV, below it mostly from kaon decays

 muon neutrino flux dominated by pion & kaon decays 

 tau neutrinos entirely from D-meson decays

mostly produced very close 
to beam direction



The dawn of the LHC neutrino era
Two experiments, FASER and SND@LHC, have been instrumenting the LHC far-forward region 
since the begin of Run III and reported evidence for LHC neutrinos (March 2023) …

153 neutrinos detected, 151± 41 expected 8 neutrinos detected, 4 expected



The dawn of the LHC neutrino era
… the first direct measurement of neutrino cross-section at TeV energies from FASERnu ….

FASER’s emulsion detector 
(FASER ) has excellent particle 

ID and spatial resolution
ν



The dawn of the LHC neutrino era
… and energy-differential measurements with the electronic FASER detector which provide first 
direct constraints on models of forward light particle production in proton-proton collisions

Constrain neutrino interactions in the TeV 
region and their flavour dependence

Validate models of forward pion and kaon 
production relevant for cosmic ray physics 
(muon puzzle)

Enable dedicated tunes of forward physics in 
hadronic collisions



Light BSM Searches at FASER
Far-forward LHC detectors also operate as background-free to search for dark sector particles, 
feebly-interacting particles (FIPs), long-lived particles (LLP), …. 

Unique blend of guaranteed deliverables and exploration potential

FASER, 2308.05587 

Dark Photon



2022-2026 (Run-3)

Neutrinos at the LHC



2022-2026 (Run-3)

Neutrinos at the LHC

2027-2029 (LS3) > 2030 (overlap with HL-LHC)

AdvSND
(proposed)

FASER @ HL-LHC
(approved, new  detectors under discussion)ν



2022-2026 (Run-3)

Neutrinos at the LHC

2027-2029 (LS3)

Forward Physics Facility (FPF)
(Proposed)

Complementary suite of far-forward experiments 
operating concurrently with the HL-LHC

Start civil engineering during LS3 or shortly 
thereafter the cavern depth)

Decision to be taken following ESPPU

> 2030 (overlap with HL-LHC)



FPF & FASER-Run4: the Physics Case
While here we focus on FPF projections, most physics targets 
also accessible at FASER@Run-4 (albeit with lower statistics)



FPF & FASER-Run4: the Physics Case



unique coverage of TeV energy region, high-
statistics for all three neutrino flavours

anomalous neutrino couplings, lepton-
flavour universality tests with neutrinos

Impact on Neutrino Physics



Realising the full potential of TeV-energy neutrino DIS at the LHC

Impact at the HL-LHC: Higgs Physics



Assume a BSM scenario with an extra W’ gauge boson with MW’ = 13.8 TeV

Generate HL-LHC pseudo-data (NC & CC Drell-Yan) for this model and include in global PDF fit

Without FPF, this BSM signal is completely reabsorbed by the PDF fit (softer large-x antiquarks)

LHC neutrino DIS disentangles BSM signals from QCD effects in LHC high-pT tails

Hammou & Ubiali, 2024

Impact at the HL-LHC: BSM searches



Probe small-x QCD (e.g. non-linear dynamics) in 
uncharged regions

Data-driven prediction of the prompt neutrino flux

Laboratory validation of muon puzzle predating 
cosmic ray physics

Impact on Astroparticle Physics



Light BSM Discovery Potential

Inelastic dark matter

Millicharged particles

Color neutral quarks

 & many more: Dark Higgs, 
dark photons, ALPs, …

Rich and diverse light BSM 
search program:



ESPPU-NL Proposed Statement

LHC far-forward experiments such as FASER and the Forward Physics Facility enable a 
significant extension of the HL-LHC physics portfolio and ensure a thriving high-energy 

neutrino and light BSM search program at CERN for the 2030s, with far-reaching 
implications for hadronic physics and astroparticle experiments



