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top, Higgs, susy é

1% of pionsǿƛǘƘ 9 Ҕ мл DŜ± ŀǊŜ ǇǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ŦƻǊǿŀǊŘ лΦлллллм҈ ƻŦ ǘƘŜ ǎƻƭƛŘ ŀƴƎƭŜ όẫ Ҕ фΦнύ

Highest-energy neutrinos produced from laboratory source

Hadron decays lead to intense columnated beams of neutrinos 
όŀƴŘ .{a ǇŀǊǘƛŎƭŜǎΧΚύ
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First detectors at the LHC

Scattering and Neutrino Detector @LHC ForwArd SearchExpeRiment
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adapted from 
PRD 104 (2021) 113005Neutrino sources

Neutrinos produced by hadron decay:

e˄: mostly from kaon decay and at high energy from charm

‘˄: mostly from pion decay, at high energy kaons

†˄: from charm (some B)

ʹ = - ln tan ̒ /2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113005


In LHC Run 3 FASER2 expects:
- Ϥмтлл ˄e interactions
- Ϥурлл ˄‘interactions
- Ϥол ˄†interactions

Neutrino energies

Interactions for different neutrino flavours (SND)

1 TeV100 GeV 10 TeV

A
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 ˄

Accelerator ˄
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FASER Detector
arxiv: 2207.11427

10cmradius of active region of detector (<0.2 mrad, ẫ> 9.2)
1.5m long decay volume
2.5m long tracking spectrometer (0.6T dipole field)
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https://arxiv.org/abs/2207.11427


arXiv:2210.02784

SND@LHC detector

Veto system
2 (2022ς2023) / 3 (2024ς) scintillator planes

hŦŦπŀȄƛǎ ƭƻŎŀǘƛƻƴΥ тΦн ғ ʹ ғ уΦп
ŜƴƘŀƴŎŜǎ ˄ ŦƭǳȄ ŦǊƻƳ ŎƘŀǊƳ

Target, vertex detector and ECAL
830 kg tungsten instrumented target
5 walls x 59 layers = 1200 emulsion films
+ 5 scintillating-fibre (SciFi) stations
84 X0, 3 ˂ int

HCAL and muon system
Eight 20 cm Fe blocks
+ scintillator planes
Last 3 planes have finer 
granularity to track muons
9.5 i˂nt
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FASER
SND@LHC
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Observations of 
Collider Neutrinos
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First observation of collider Neutrinos
Phys. Rev. Lett. 131 no. 3, (2023) 031801

Using 2022dataset (35/fb). Only for ˄‘CC. 
Simple/robust event selection:
- No signal in front veto scintillators
- Reconstructed charged particle track

- P > 100GeV
- Within central region of scintillators when extrapolated to the veto

Backgrounds considered:
- Scintillator inefficiency
- Large angle muons that miss the veto 
- Neutral hadrons produced by upstream muon interactions in rock
- Basically background free Observe 150 events 

(expected neutrino signal 151+/-41 )

2303.14185
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https://arxiv.org/abs/2303.14185
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PRL 131 (2023) 031802

Display of a ȊȉCC candidate event at SND@LHC

8 ˄ i˃nteraction candidate events 
Background: 0.086 events, 
Significance of about 7̀

Uses data from the 
electronic detectors
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.031802


Phys. Rev. Lett.133, 021802
arxiv: 2403.12520CƛǊǎǘC!{9w˄ ƳŜŀǎǳǊŜƳŜƴǘǎ

Electron neutrino candidate (electron energy estimated at 1.5 TeV)

First observation of electron neutrinos produced at a collider
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https://arxiv.org/abs/2403.12520


Phys. Rev. Lett.133, 021802
arxiv: 2403.12520FirstC!{9w˄ ƳŜŀǎǳǊŜƳŜƴǘs

aǳƻƴ ƴŜǳǘǊƛƴƻ ŎŀƴŘƛŘŀǘŜ όƳǳƻƴ ŜƴŜǊƎȅ ŜǎǘƛƳŀǘŜŘ ŀǘ усл DŜ±ύ
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https://arxiv.org/abs/2403.12520


First neutrino interaction cross section measurements in this energy regime
Relative measurement with respect to theoretical curve(from GENIE)
¦ǎƛƴƎ ƻƴƭȅ н҈ ƻŦ C!{9w˄ Řŀǘŀ ŀƭǊŜŀŘȅ ŎƻƭƭŜŎǘŜŘ 

Phys. Rev. Lett.133, 021802
arxiv: 2403.12520FirstC!{9w˄ ƳŜŀǎǳǊŜƳŜƴǘs
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arXiv:2412.03186

Firstdifferential measurements
Result interpreted in 2 ways:
- Assume neutrino flux, and measure cross section
- Assume theoretical cross section and measure the neutrino flux
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http://arxiv.org/abs/2412.03186


Strong BSM search programme

Dark Photons Axion-Like-Particles

arxiv:2308.05587
PLB, 848, 138378, 2024

arXiv:2410.10363
JHEP, 2025, 199 (2025)

16

LLP -> ee

[[t πҔ ɹ ʴ
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The Forward Physics Facility
FPF working group under CERN/PBC
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Site selection:
627m from ATLAS IP1
90m deep; 75m long; 21m wide
10m away from LHC tunnel
Shielding > 200m rock/concrete

FPF

LHC tunnel

Surface buildings

Shaft

/ŀǾŜǊƴ
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FPF: Complementary technologies

~600m from ATLAS IP

Liquid Argon TPC
broad-purpose detector,

wide dynamic range,  10 ton

Good energy containment(high density), high spatial resolution(for †
neutrinos) and low threshold(for DM scattering)

aŀƎƴŜǘƛŎ ǎǇŜŎǘǊƻƳŜǘŜǊ
Ҍ ŎŀƭƻǊƛƳŜǘŜǊ

Emulsion/tungsten 
20 ton

Scintillator detector
4 ton

Service alcove
(Turbo-Brayton, storage,  

electronics)

CtC ŎƻǾŜǊǎ ʹ Ҕ рΦрΣ 
experiments on LOS 
ŎƻǾŜǊ ʹ ṃ7

Baseline design

Tungsten/Emulsion

High spatial resolution 

for tau/charm

Complementary technologies & capabilities maximise scientific reach
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Scientific case

Expected data set ~ρπ’~ρπ’ and~ρπ’ interactions from HL-LHC

Å x 100 compared to estimates for the current program with FASER/FASERnuand SND@LHC

Unique impact on HL-LHC discovery potential, QCD, astrophysics, and neutrino physics

Broad program for discovery science or BSM physics, and rare phenomena
ÅSearch for dark sector decays to SM particles: dark photons, dark higgs, heavy neutral 

leptons, axion-like particles 
ÅUnique sensitivity to inelastic dark matter.  Decays of dark matter into lighter DM and SM 

particles 
ÅDM scatteringwith electrons or nuclei  
ÅMillicharged particles  
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Electron neutrino Muon neutrino Tau neutrino

Č Flavour universality, non-ǎǘŀƴŘŀǊŘ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ƴŜǳǘǊƛƴƻ ǘǊƛŘŜƴǘǎΣ ǎǘŜǊƛƭŜ ƴŜǳǘǊƛƴƻǎΣ Χ

FPF experimentshave potential to detect:
O(106) muon neutrinos, O(105) electron neutrinos, O(104) tau neutrinos 
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Dark sector searches

Light inelastic DM Ą need energy/boost to observe Heavy inelastic dark matter
Inelastic to be above threshold to produce

The FPF can discover a wide variety of new particles that cannotbe 
discovered at fixed target facilities or other LHC experiments.

Unique FPF sensitivity
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Milli-charged particles and quirks

Chwah{! ǿƛƭƭ ƘŀǾŜ ƭŜŀŘƛƴƎ ǎŜƴǎƛǘƛǾƛǘȅ
ǘƻ ƳƛƭƭƛπŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜǎ

Unique sensitivity to Quirks 
coloured under non-SM gauge group

Just some examples from very broad BSM programme
25
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Forward Particle Production

TeV Energy Neutrino Interaction
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Neutrinos as a probe



Enhancing HL-LHC discovery potential

FPF measures the gluon probability 
(PDF) at low momentum fractions

Improves predictions of Higgs- and weak gauge-
boson cross sections at the HL-LHC
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Collider counterpart of high-energy cosmic rays interactions, including prompt neutrino flux

Auger, IceCube, 

KM3NET, GRAND, Ẹ

ὸ

ὸ

Unique laboratory validation of 

extreme scattering processes in APP

Ὁ χ4Å6#Ï-ÆÒÁÍÅ

Ὁ Ḑρπ4Å6ÆÉØÅÄÔÁÒÇÅÔÆÒÁÍÅ

Improving astroparticlephysics

Ą/ƻǎƳƛŎ Ǌŀȅ Ƴǳƻƴ ŀƴƻƳŀƭȅ
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Status of Technical Studies and Integration

ENGINEERING

DEPARTMENT

CERN beam physics group:  Vibration/tunnel movement are 
not expected to be an issue either during construction or 
operation.  
CERN radioprotection group:  Can access cavern for trained 
personnel during beam operations.  
Muon backgrounds:  CERN fluke team, muon flux will be < 1 
Hz/cm^2 in a region 1 meter around LOS. Generally 
acceptable for experiments.  
CERN site investigation: Geological conditions appear good 
for proposed excavation.  
CERN safety:  Addition of over-pressure safety corridor allows 
a single  access point (no physical connection to LHC).  
The cryosystem to be separated underground; has an 
industrial cooler(Turbo Brayton), LArand LN2 storage ; all 
sized to be installed thru shaft.  
Conceptual installation plan for all services and detectors 
developed at FPF8 

ол



ÅAchievability & practicality:
ÅMakes use of the existing HL-LHC beams

ÅThe detectors deliverable with existing detector technologies
Å Allowance for future technologies and upgrades 

ÅCan be constructed and operated in parallel with the operation of the LHC

ÅTimescale:
ÅThe FPF needs to operate within the HL-LHC running window

Å Collect as much of the HL-LHC luminosity as possible

Å Constraints from scheduling and approval requirements can be accommodated 

ÅStep-change in the capability of the FPF 
Å factors of order 100 larger active volumes beyond the pathfinder experiments 

Å that the sensitivity will world-leading almost as soon as the experiments are operational

In all scenarios it should be the scientific goal to fully exploit the physics 
potential of the HL-LHC, including the collider neutrino and forward dark 
sector programmes - which can be added at modest marginal cost.
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EXTRAS
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CtC LƴŦƻǊƳŀǘƛƻƴ {ƘŜŜǘ 

ÅEffort Name:  Forward Physics Facility and Experiments at the High Luminosity LHC.  

ÅShort Abstract:  TheForward Physics Facility (FPF)is a proposed new underground cavern at the 
Large Hadron Collider (LHC) that will host a suite of new experiments during the High-Luminosity 
LHC (HL-LHC) era. The existing large LHC detectors have un-instrumented regions along the 
beam line, and so miss the rich physics opportunities provided by the enormous flux of particles 
produced in the far-forward direction.A diverse set of experiments are planned to detect 
millions of neutrinos and a wide range of new physics possibilities.  

ÅContact:  https://fpf.web.cern.ch/

ÅUseful Link:  https://pbc.web.cern.ch/, https://pbc.web.cern.ch/fpf-resources

ÅWhite papers:  https://arxiv.org/abs/2411.04175
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FPF CE Site Investigation Works

35
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FPF Detector parameters and physics (summary)

Detector Design/Parameter Standard Model Physics
Discovery and Rare Phenomena 
Physics

FLArE
Liquid argon TPC/10 ton active 
target/~ns timing/Fe-Scin hadronic 
calorimeter(40 ton)

High eff. Muon/Electron neutrino 
spectrum. wider eta coverage,  Low 
purity Tau neutrinos spectrum

LLP interactions with low threshold. 
Inelastic DM, DM scattering,  mCP 
interactions. Neutrino Tridents 

FASERnu2
Tungsten/emulsion/20 ton/high 
spatial resolution <1micron. 

High eff Tau neutrino detection. 
Charm detection. Muon/electron 
neutrino spectra at high eta

DM scattering, Neutrino Tridents

FASER2
Magnetic Spectrometer/SciFi/~4 T-
meter/aperture ~ 3mx1m;
dp/p ~ 5% @ TeV

High acceptance Muon 
spectrometer for FLArE and 
FASERnu2

Dark sector decays of neutral LLPs, 
Inelastic DM, Quirks

FORMOSA
Plastic Scintillator Array/high 
resolution dE/dx (4 layers, 4 tons)  

τ
Millicharged particles with 
sensitivity q~10-3   Quirks

Each detector is designed to have unique scientific reach. System of detectors enhance the scientific case for the 
facility.  Simulations are in progress to evaluate acceptances and resolutions.  
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Full simulation of muon backgrounds shows that detector background rates on LOS are 
manageable

‘‘

Overlayed background events in 187.5 us(FLArE acquisition 
window)

from IP

FLArE FASERnu2 FASER2 FORMOSA

Event display from G4 simulations

Zoom on FLArE volume

The muon rates (0.5 Hz/cm^2) and 
space charge effects are manageable 
around the line of sight. 

‘ : blue

Ὡ : red

ὲ: orange

‎: gray

ὴ: black

“ : magenta

“ : cyan

other: green

Mu- band

Mu+ band
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