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Forward physics at colliders

In just a few years, our view of forward physics at colliders has completely changed.

Now: We know the 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 — to host a set of detectors that can unlock this exciting new 
physics.
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14TeV 𝑝-𝑝 collisions

Conventional detectors

Strongly interacting massive particles



Pathfinder experiments

3

Proof of concepts: collecting data and validating designs/DAQs through Run 3

FASER (FASER𝜈), SND@LHC, FORMOSA demostrator

SND@LHC



Collider neutrino results
PhysRevD.104.L091101

PhysRevLett.131.031801

PhysRevLett.133.021802 nature

PhysRevLett.134.211801

𝜈 candidates in 2021 
[PhysRevD.104.L091101]

Collider 𝜈 detection 
established in 2023 
[PhysRevLett.131.031801]

𝜈𝑒 and 𝜈𝜇 cross sections in 
2024 [PhysRevLett.133.021802 ] [nature]

Differential measurements 
2024 [PhysRevLett.134.211801]
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See FASER neutrino talk in EPS-HEP by A. Ariga 
https://indico.in2p3.fr/event/33627/contributions/154587/ 

https://doi.org/10.1103/PhysRevD.104.L091101
https://doi.org/10.1103/PhysRevLett.131.031801
https://doi.org/10.1103/PhysRevLett.133.021802
https://www.nature.com/articles/d41586-024-02465-8
https://doi.org/10.1103/PhysRevLett.134.211801
https://indico.in2p3.fr/event/33627/contributions/154587/


BSM particle searches
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Dark photon (A’) 𝐵 − 𝐿 gause boson (𝐴𝐵−𝐿
′ )

JHEP01(2025)199

Axion-like particles search with 

2022/2023 data (57.7 fb−1)

JHEP01(2025)199 

Dark photon search with 2022 
data (27 fb^(−1))  
j.physletb.2023.138378

See FASER LLP searches in EPS-HEP by X. Ai 
https://indico.in2p3.fr/event/33627/contributions/154654/ 

https://link.springer.com/article/10.1007/JHEP01(2025)199
https://doi.org/10.1016/j.physletb.2023.138378
https://indico.in2p3.fr/event/33627/contributions/154654/


Forward Physics Facility at the HL-LHC

CERN GIS 6

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

FASER𝜈2 
20 tons

FASER2



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 Astroparticle Physics

Dark matter and mediators

Millicharged particles

Other opportunities for new particle searches

See FPF’s input to ESPPU!
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Neutrinos at FPF
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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
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LLPs searches at the FPF

1
1

Fro  FPF’s input to ESPPU

https://doi.org/10.1140/epjc/s10052-025-14048-6


LLPs with unusual propagation patterns

1
2

Fro  FPF’s input to ESPPU

https://doi.org/10.1140/epjc/s10052-025-14048-6


FORMOSA: plastic scintillator array for mCPs 1
3

Tailored detectors at the FPF

FLArE: LAr TPC for neutrino detection

FASER𝝂2: emulsion detector for neutrinos

FASER2: tracking spectrometer for LLP searches and muon charge 

ID



FASER𝜈2
• 20-ton tungsten-emulsion detector

Tungsten target: 64 cm x 25 cm x 2 mm ｘ3300 plates

Sensitivity to 𝜈𝑒 , 𝜈𝜇 , 𝜈𝜏

𝜇± charge ID with FASER2

Performance proven by FASER𝜈

High statistics 𝜈𝜏 studies and test lepton flavor 
universality

2025/7/7 Akitaka Ariga, EPS-HEP 14

Reconstructed MC event with FASER𝜈2 

configuration

𝝂𝝉 CC
 int.

𝝂𝒆+𝝂𝒆

CC

𝝂𝝁+𝝂𝝁

CC

𝝂𝝉+𝝂𝝉

CC

FASER𝛎
(1.1 tons, 150 fb-1)

𝛎 int. 0.9k 4.8k 15

𝜈 int. with charm ~0.1k ~0.5k ~2

𝜈 int. with beauty - ~0.05 -

FASER𝛎2
(20 tons, 3 ab-1)

𝛎 int. 178k 943k 2.3k

𝜈 int. with charm ~20k ~90k ~0.2k

𝜈 int. with beauty ~2 ~10 ~0.02

𝜈 int. rate estimated based on Sibyll 2.3d



FASER𝜈2 detector structure
Assembling a 20-ton detector in dark is 
technically challenging →Assembling in FPF

Light-tight-packed emulsion film

The scheme was tested in test beam at SPS-
H8 in 2024
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Prototype design, T-shirt shape iron plates on 
a rail, pushed by compressed-air pressure

Prototype design

Test at SPS-H8



FASER2
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Magnet:

• Large aperture
• s

• 3m wide X 1m gap (*)

• Superconducting technology

• Magnetic Field : 2 Tm
m

• Based on the SAMURAI magnet

Calorimeter:

• Based on dual-readout calorimetery

• Spatial resolution: 1-10 mm
m

Decay volume:
• 10 m long decay volume

Tracker:

• Based on LHCb's SciFi tracker

• SiPM and scintillating fiber design

• Detector resolution: ~ 100 µm
m

All possible with existing
detector technologies



FLArE
Liquid Argon neutrino detector

Based on DUNE near detector concept

3 x 7 = 21 TPCs

30 tons active volume, 10 tons fiducial 
volume

LAr works as precision tracker and
calorimeter

Particle ID, energy measurements 
from MeV – O(100) GeV

Study 𝜈𝑒, 𝜈𝜇, 𝜈𝜏 (statistically)

𝜇± charge ID with FASER2
2025/7/7 Akitaka Ariga, EPS-HEP 17

Inspired by the 
DUNE near 
detector concept
(photo in Bern)



FORMOSA

Direct millicharged particle (mCP) searches 
at the LHC

Core concept: Use array of efficient long 
scintillator bars + PMTs to detect ionization 
from mCPs.

Small scale prototype in 2025:
16 scintillator bars

Front+back muon panels
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FORMOSA demonstrator as of 2025

~4 m long

~440cm

80cm

40cm

20cm

scintillator

PMT

L.O.S.

⟨𝐸⟩ ∝
𝑄

𝑒

2

𝑙scint

2024



BG muon measures
Background muon limits sensitivities

Impacts FASER𝜈2, FLArE, FORMOSA

Estimated to be O(1) Hz/cm2

Reducing muon background would be beneficial 
for the FPF experiments (particularly FASERnu2)

→Investigating the feasibility of implementing a 
Sweeper magnet
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𝝂

FASER𝜈 with 10 fb−1 in
 2 mm × 2 mm × 10 films

  

Track density
~3 × 105 tracks/cm2 

𝜈 and LLPs

D1 magnet Neutral hadrons

Charged particles muons produced after D1

𝜇+ fluence expected in FPF 
~O(1) Hz/cm2

FPF



BG muon measures
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Sweeper magnet

𝟏

𝟓

𝟏

𝟑

𝝂

FASER𝜈 with 10 fb−1 in
 2 mm × 2 mm × 10 films

  

Track density
~3 × 105 tracks/cm2 

𝜈 and LLPs

D1 magnet Neutral hadrons

Charged particles

FPF

muons produced after D1

Simulated muon rates with/without 
sweeper magnet (preliminary)

Place a permanent magnet along 
the wall of the LHC tunnel
1 T x 40 m long

𝜇+ fluence expected in FPF 
~O(1) Hz/cm2

Background muon limits sensitivities
Impacts FASER𝜈2, FLArE, FORMOSA

Estimated to be O(1) Hz/cm2

Reducing muon background would be beneficial 
for the FPF experiments (particularly FASERnu2)

→Investigating the feasibility of implementing a 
Sweeper magnet



FPF documentation
FPF workshop series:

• FPF1, FPF2, FPF3, FPF4, FPF5, 
FPF6, FPF7, FPF theory day, 

FPF8

FPF paper:

• 2109.10905

~75 pages, ~80 authors

Snowmass Whitepaper:

• 2203.05090

~450 pages, ~250 authors

Recent Summary:

• FPF Update

Technical Documents:

• Facility Technical Study

• Muon Flux Study

• Vibration Study

• Geotechnical Report
2
1

ESPPU scientific 

program:

EPJ C: 

doi.org/10.1140/epjc/s1005

2-025-14048-6

~25 pages, ~26 authors

Photo at FPF8 workshop

https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://indico.cern.ch/event/1196506/
https://indico.cern.ch/event/1275380/
https://indico.cern.ch/event/1358966/
https://indico.cern.ch/event/1296658/
https://indico.cern.ch/event/1473651/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090
https://pbc.web.cern.ch/sites/default/files/2023-04/FPFSummary_final.pdf
https://cds.cern.ch/record/2851822/
http://cds.cern.ch/record/2884754
https://cds.cern.ch/record/2886326
https://edms.cern.ch/document/2910442/1
https://link.springer.com/article/10.1140/epjc/s10052-025-14048-6
https://link.springer.com/article/10.1140/epjc/s10052-025-14048-6


Summary

here

Forward physics has been found to be a rich playground for 
exciting physics

Pathfinder experiments already reported results in Run 3

Forward Physics Facility (FPF) has been proposed to exploit the 
potential of the HL-LHC

4 experiments (FASER2, FASER𝜈2, FLArE, FORMOSA) 

Study neutrinos and BSM particles

FPF input to ESPPU summarising physics programme (see here)
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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

neutrino 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



FPF timeline and cost
Vibration study indicates that construction 
of the FPF possible during LHC operations

Radiation protection studies indicate work 
in FPF possible while the LHC is running

→ not restricted to LS!

Timeline: construct in LS3/early Run 4, 
physics starts in late Run 4.

Capture as much HL-LHC luminosity as 
possible.

• Cost Estimate: 35 MCHF (class 4)

26



FASER𝜈 and current sample
Emulsion/tungsten neutrino detector 

730 emulsion films ~ an exa-channel detector 

Target mass of 1.1 tons (8 𝜆𝑖𝑛𝑡, 220𝑋0)

Typical position resolution, 300 nm

Data set for the published result:

• 9.5 fb-1 in 2022 run, target mass of 128.6 kg

• ~1.7% of data collected by 2023

2025/7/8 Akitaka Ariga, FASER, EPS-HEP 27

1.3 m



FASER𝜈 steps, 3 detectors per year

Akitaka Ariga, FASER, EPS-HEP 28

Readout

AlignmentTrack reconstructionVertex reconstructionPhysics analysis

DevelopmentExposureAssemblyFilm production Disassembling

Japan JapanCERN

Offline analysis

2
8

𝑒, 𝜇 ID
𝜏 decay search
charge ID
E𝜈 reco
charm/beauty
etc. 

2025/7/8 



Electron neutrino observation in FASERν

     

      

• Vertex with 11 tracks

• 615 µm inside tungsten

• e-like track from vertex

• Single track for 2X0

• Shower max @ 7.8Χ0

• θe = 11 mrad to beam

• Back-to-back topology

• 175° between e & rest

Beam View

Side View

𝜈𝑒 CC event, “Pika-𝜈“ event

𝐸𝑒 = 1.5 TeV

Akitaka Ariga, EPS-HEP 292025/7/7 
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p-p collision at ATLAS

𝜈 and LLPs

D1 magnet Neutral hadrons

Charged particles

FPF
muons produced after D1

𝝁+

𝝁−



FPF detectors

FLArE
100t liquid-Ar 
neutrino detector
See Milind‘s talk 

FASERv2
20-ton emulsion-based 
neutrino detector with 
interface detector to 
FASER2

FASER2: Large decay 

volume and magnetic 
spectrometer for LLPs

FORMOSA
scintillator array for milli charged particle

2025/7/7 Akitaka Ariga, EPS-HEP 31

beam



FLArE

3
2

Design changed from TPCs being top-loaded to side-installed “filling cabinet” design 

Design evolving considering physics, installation and operation constraints!

Considering an alternative design using an ARIADNE-style (ARgon ImAging DetectioN chambEr) optical readout
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FORMOSA demonstrator, as of 2025

Small scale prototype of the FPF FORMOSA:
The same 16 bars as last year

Replacing 4 HV bases (one per layer in the same line-of-sight) as a readout test
Same front+back muon panels
Hermetic coverage on the LHC-side (to probe radiation) and top (for cosmics)
Additional test CeBr3 scintillator module installed
Panel between main body and wall installed (to probe for side-showering)

~440cm

80cm

40cm

20cm

scintillator

PMT

L.O.S.

⟨𝐸⟩ ∝
𝑄

𝑒

2

𝑙scint

2024 2025
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4 proposed FPF experiments, diverse detectors for a broad physics
program

FORMOSA

FLArE

FASER𝜈2

FASER2



beam

FASER2 Design [baseline]

Magnet:

• Large aperture
• s

• 3m wide X 1m gap (*)

• Superconducting technology

• Magnetic Field : 2 Tm
m

• Based on the SAMURAI magnet

Calorimeter:

• Based on dual-readout calorimetery

• Spatial resolution: 1-10 mm
m

Tracker:

• Based on LHCb's SciFi tracker

• SiPM and scintillating fiber design

• Detector resolution: ~ 100 µm
m

(*) A more square (e.g., 2 m × 1.5 m) aperture is also under consideration, as it improves the 
acceptance of muons from FLArE by 5-10% without a significant degradation in LLP sensitivity.

All possible with existing
detector technologies
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First cross section measurements at TeV energies
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Relative measurement wrt theoretical curve. L=9.5 fb-1, m=128.6 kg

4 𝜈𝑒  and 8 𝜈𝜇 observed events with negligible BG, both above 5 𝜎 PhysRevLett.133.021802 

https://doi.org/10.1103/PhysRevLett.133.021802
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