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Forward physics at colliders

In these years, our view of forward physics at colliders has completely changed.

Forward region holds rich physics, both SM and BSM, addressing all of our top science 
drivers.

The discovery of collider neutrinos marks the start of multi-messenger collider physics.

To fully explore what the LHC can offer, the Forward Physics Facility (FPF) is being 
proposed for the HL-LHC
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14TeV ὴ-ὴcollisions

Conventional detectors

Strongly interacting massive particles



ȰFlavor anomalyȱ
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Flavor anomalies and neutrino scattering
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Neutrino scattering

Derived from 
OPERA

OPERA reported ’, ’ CC charm production. 

No ’ CC charm reported, neither in any other 
neutrino experiments.
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Dominant 
SM process

To test LFU, need 
high-energy 3-flavor 
neutrino beam!
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Pathfinder experiments
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Proof of concepts: collecting data and validating designs/DAQs through Run 3

ÅFASER (FASERⱨ), SND@LHC, FORMOSA demonstrator

Neutrino and dark sector

Milli charged particles

Neutrino



100 m of rock
480 m

The FASER experiment

ÅTargets neutrinos (and ‘ andlong-lived BSM particles (e.g. Aȭ, ALPs)

ÅFirst experiment to utilize Ȱcollider neutrinosȱ
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Neutrinos and LLPs

LHC magnets

p-p collision at ATLAS

Neutral hadrons

Charged particles

FASER
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FORWARD SEARCH EXPERIMENT AT THE LHC

FASER TP arXiv:1812.09139, 
FASER’ Eur. Phys. J. C (2020) 80: 61

FASER web page: https://faser.web.cern.ch/

https://arxiv.org/abs/1812.09139
https://arxiv.org/abs/1812.09139
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://faser.web.cern.ch/


What is special in LHCȭs forward beam?
Neutrino production

Forward hadron production in ὴ-ὴ
collisions at ί ρσȢφ TeV

Equivalent to ρππPeVὴfixed-target 
interactions

Neutrinos from “ȟὑȟὈdecays

ÅAsymmetric gluon-gluon interaction: 
small-ὼ  large-ὼ

Unexplored kinematical region

Neutrino beam

σflavor neutrinos; ’ȟ’ȟ’and Ӷ’ȟӶ’ȟӶ’

ÅTeV energies, dominated by DIS
Access to heavy flavor particles, such as 
tau/charm/beauty, ḗρυϷcharm production rate

Collimated neutrino beam
ὕρπcm radius at υππm
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GeV experiments LHC ⱨ



0.57 T Dipoles
1.5 m decay volume 

10mm thick + dual PMT 
readout (̀  = 400 ps)

2 x 20 mm thick
30 x 30 cm area

2 x 20 mm thick
35 x 30 cm area

3 x 3 layers of ATLAS SCT strip modules

730 layers of 1.1 mm 
tungsten + emulsion
(8 interaction lengths)

4 LHCb Outer 
ECAL modules

FASER detector
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ÅSmall, inexpensive detector
Å10 cm radius
Å7 m long

(ariXiv:2207.11427)

Air-core magnets

https://arxiv.org/abs/2207.11427
https://arxiv.org/abs/2207.11427
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FASER’
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FASER’ installation
3 times / year



Results from the FASER experiment
SM

ÅNeutrino candidates with Run2 data
PhysRevD.104.L091101

ÅNeutrino detection with electronic 
detectors with 2022 data

PhysRevLett.131.031801

ÅFirst ’ȟ’ cross sectionswith 
emulsion detector

PhysRevLett.133.021802

ÅDifferential ’, Ӷ’ cross sections with 
electronic detectors with 2022-23 
data
Å PhysRevLett.134.211801

Further new results
Å CERN-FASER-CONF-2025-004 Forward hadron production

Å CERN-FASER-CONF-2026-002 Updated nue / numu results 

Å CERN-FASER-CONF-2026-003 Neutrino-induced charm

Å CERN-FASER-CONF-2026-004 ’ with calorimeter

Å CERN-FASER-CONF-2026-005 ’ double-differential measurement

2018

2019

2020

2021

2022

2023

2024

2025

2026

Run 2

Run 3
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BSM

ÅDark photonwith 2022 data
10.1016/j.physletb.2023.138378

ÅAxion-Like-Particles (ALPs) with 
2022, 2023 data

10.1007/JHEP01(2025)199

Å CERN-FASER-CONF-2026-001  Updated dark photon result

Pilot detector

Approved in 2019
Constructed by 2021

https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevLett.131.031801
https://doi.org/10.1103/PhysRevLett.131.031801
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https://doi.org/10.1103/PhysRevLett.133.021802
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Electron neutrino observation in FASERʉ

100Õm

5000Õm

ÅVertex with 11 tracks

Å615 µm inside tungsten

Åe-like track from vertex

ÅSingle track for 2X0

ÅShower max @ 7.8Ʋ0

Åǃe = 11 mrad  to beam

ÅBack-to -back topology

Å175° between e & rest

Beam View

Side View

’CC event, ȰPika-’Ȱevent

Ὁ ρȢυ TeV
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Enjoy an interactive 3D display here!

https://physics.s.chiba-u.ac.jp/lepp/pika-nu.html


FASERȭs result can be interpreted in two ways
Neutrino cross sections

Flux measurement Ą hadron production model study
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Neutrino flux

FASERȭs result = interaction rates

Cross section
uncertainty

Analysis in “Ⱦὑ production ratio at ὴ-ὴ collisions
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Interpretations of ’ interaction rate

Neutrino cross sections



BSM particle searches
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Dark photon (Aô)

Axion-like particles search with 

2022/2023 data (57.7 ÆÂ)

JHEP01(2025)199 

CERN-FASER-CONF-2026-001

ὃᴂ

ὥ

Production Decay

https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
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https://cds.cern.ch/record/2955719?ln=en


Phase of experiments
Run 3 (2022-2026, 250 fb-1)

Proof of principle

Run 4 (2030-2034, 780 fb-1)
Physics-driven expansionin HL-LHC. 

ÅForward Physics Facility Run 4/5 (2033-, 2000 fb-1)
High statistics measurements & precision physics

The phase of pathfinding has been over. Move to high precision physics.
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ÅρÆÂ ρπ pp interactions
Å Peak luminosityin Run 3

=σ ρπ ÃÍ Ó φȢυ Ë7



Forward Physics Facility at the HL-LHC

CERN GIS 15

New shaft 
and hall 
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HL-LHC provides x20 proton collisions

Extending sensitivities for new particle searches and neutrino 
physics by 2 to 4 orders of magnitude

FORMOSA

FLArE

FASER’2
FASER2



FORMOSA: plastic scintillator array for mCPs 1
6

Tailored detectors at the FPF

FLArE : LAr TPC for neutrinos

FASERⱨ2: emulsion detector for three-flavor neutrinos

FASER2: tracking spectrometer for LLP searches and muon charge ID



FASER’2
Å20-ton tungsten-emulsion detector

Tungsten target: 64 cm x 25 cm x 2 mm ἃ3300 plates

Sensitivity to ’ȟ’ȟ’

‘ charge ID with FASER2

Performance proven by FASER’

High statistics ’studies and test lepton flavor 
universality
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Reconstructed MC event with FASER’ς 
configuration

ⱨⱲCC
 int.

’ int. rate estimated based on Sibyll  2.3d

8.5 m



Physics objectives and experiments

Neutrino physics at TeV energies

Neutrino precision physics

FPF as neutrino-ion collider

Unique probe of small-x QCD

Impact for AstroparticlePhysics

Dark matter and mediators

Millicharged particles

Other opportunities for new particle searches

See the Letter of Intentsubmitted to CERN!

1
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https://arxiv.org/abs/2510.26260
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Neutrino physics at TeV energies

Neutrino precision physics

FPF as neutrino-ion collider

Unique probe of small-x QCD

Impact for AstroparticlePhysics

Dark matter and mediators

Millicharged particles

Other opportunities for new particle searches

See the Letter of Intentsubmitted to CERN!
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https://arxiv.org/abs/2510.26260


Neutrino yields and cross-section sensitivities at FPF
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g,q

g,q

intrinsic 
charm

cc

D

BFKL dynamics

large x 
PDFs: x~1

ultra low-x 
PDFs: x~10-7

forward 
charm 

color glass 
condensate

charm
fragmentation

q

’DIS at TeV scale

nuclear PDFs

shadowing

strangeness

hadronization 
in nuclear 
medium

color 
transparency

EMC effect

p

p

v

184W

l

Forward Particle Production

TeV Energy Neutrino Interaction
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Neutrinos as a probe

LFU tests



Lepton Flavor Universality in charm production

LFU test in neutrino scattering
ÅComplementary approach wrt decays, but 

poorly measured so far, even inclusive CC 
channels

OPERAȭs results can be interpreted as ρͯȢυ„
away from the SM

FASER/FPF can constrain the effective 
couplings ὅȟὅ by double ratio 
measurement, canceling flux uncertainty

10-20% of CC produce charmed hadrons
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Preliminary
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QCD and 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

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 23



LLPs searches at the FPF

2
4

From FPFôs input to ESPPU


