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ForwArd Search ExpeRiment (FASER)
• Designed to search for Long-Lived Particles (LLPs) and study TeV neutrinos produced in 

pp collisions at the ATLAS IP

• Unique opportunities from high flux light TeV particles produced in 𝜋, K, D mesons 

• 1016 pions, 1012 neutrinos produced in FASER angular acceptance in LHC Run3 (2022-2026)

• Clean environment (low background)

• Charged particles: bent by LHC magnets

• Neutral particles: absorbed by TAN and ~100m of rock

Placed along the beam collision axis, 

480 m downstream from the ATLAS IP
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FASER physics goals
• LLPs search: dark photon, Axion-like particles (ALPs) … this talk

• Direct collider neutrinos studies：𝜈𝑒, 𝜈𝜇, 𝜈𝜏 from hadron decays

Dark photons search at FASER 

PLB 848 (2024) 138378

ALPs search at FASER 

JHEP 01 (2025) 199

Collider neutrino measurements

PRL 131 (2023) 031801

PRL 133 (2024) 021802

See Akitaka Ariga’s talk 

on Tuesday
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https://doi.org/10.1016/j.physletb.2023.138378
https://arxiv.org/abs/2410.10363
https://doi.org/10.1103/PhysRevLett.131.031801
https://doi.org/10.1103/PhysRevLett.133.021802
https://indico.in2p3.fr/event/33627/contributions/154587/


FASER detector
• Small inexpensive detector

• ~7 m length, 20 cm aperture (η > 9.1) , ~1.5 m magnetized decay volume

• Began taking data at start of LHC Run 3 (2022)

• All detector components working as expected

• Successfully collected ~214 fb-1 (>97% of delivered luminosity ). A further ~100 fb-1 expected from Run3

FASER detector JINST 19 (2024) P05066
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https://doi.org/10.1088/1748-0221/19/05/P05066


Dark photon search
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Production and decay

• SM extended by U(1)D gauge field with dark gauge boson, which mix with SM photon (coupling ϵ

<<1)  resulting in dark photon 𝐴′ (mass m𝐴′) interacting with SM

• Dominant dark photon production at FASER:

• Light meson decays (neutral pion or 𝜂, m𝐴′ < m𝜂/𝜋0) 

• Dark bremsstrahlung (m𝐴′ up to 𝑂(2 GeV) )

• TeV dark photon decay:

• FASER sensitive to ϵ∼ 10−5 and m𝐴′ ∼ 10 - 100 MeV

• For 2me < mA' < 2m𝜇 ~ 211 MeV, Br(𝐴′ → e+e−) ≈ 100%  
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Dark photon search- event selection

• Uses FASER’s first year (2022) of data (27 fb-1 ,13.6 TeV)

• Probes the phase space for 𝐴′ and 𝐴′𝐵-𝐿 (B-L gauge boson) …

• 50% efficiency for representative sensitive parameter space ϵ = 3×10-5, m𝐴′ = 25.1 MeV with 𝐴′ 

decaying in FASER decay volume

• No signals in 5 Veto scintillator layers

• Signal in the Timing and Preshower scintillators

• Two tracks:

• 𝜒2/ndf < 25, nHits >=12, p > 20 GeV, rtracks < 95 mm

• Ecalo > 500  GeV

PLB 848 (2024) 138378
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https://doi.org/10.1016/j.physletb.2023.138378


Dark photon search - backgrounds

• Neutral hadrons from muons interacting 

with rock

• Data-driven estimation using three-track 

control region (lower EM energy)

• Neutrinos interacting in Timing scintillator 

or first tracking station 

• Suppressed by Ecalo > 500 GeV

• Estimated using MC

• Backgrounds due to veto inefficiency, 

large-angle muons, non-collision events

• Negligible

PLB 848 (2024) 138378
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Close to background free analysis!

https://doi.org/10.1016/j.physletb.2023.138378


Dark photon search – systematics

• Signal yield

• MC statistics

• Theoretical modelling

• Experimental: luminosity, scintillators 

efficiency, calo energy scale, tracking 

efficiency and resolution

• Neutral hadron background

• 100% assigned

• Neutrino background

• 127% uncertainty from MC modelling

PLB 848 (2024) 138378
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https://doi.org/10.1016/j.physletb.2023.138378


Dark photon search - results

• Zero observed events with 𝑁𝑏𝑘𝑔
𝑒𝑥𝑝

= (2.3 ±2.3) ×10-3. Limits set in unexplored region.

• Exclude region ϵ ∼ 4×10-6 -2×10-4 and m𝐴′

∼10-80 MeV

• World-leading exclusion in the range ϵ ∼

2×10-5 - 1×10-4 and m𝐴′ ∼ 17 - 70 MeV

• Exclude region g𝐵-𝐿∼ 3×10-6 - 4×10-5 and m
𝐴′𝐵−𝐿

∼10-50 MeV 

• First exclusion in the range g𝐵-𝐿 ∼ 5×10-6 - 2×10-5 and m
𝐴′𝐵−𝐿

∼

15 - 40 MeV 

PLB 848 (2024) 138378
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𝐴′𝐵−𝐿

Region motivated by the 

DM thermal relic density 

(red line on plot)
𝐴′

https://doi.org/10.1016/j.physletb.2023.138378


Axion-like particles search
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Production and decay

• FASER has largest sensitivity to model where ALPs (aw) with mass ma coupling to SU(2)L gauge 

boson (coupling gaWW ) after EW symmetry breaking 

• Produced in decays of b- or s-flavoured hadrons

• Dominant production from B0 and B± decays

• Decaying into photon pair

JHEP 01 (2025) 199
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https://arxiv.org/abs/2410.10363


ALPs search – event selection
• Uses FASER’s 2022 + 2023 data (57.7 fb-1 ,13.6 TeV)

• Selection efficiency about 75% for representative parameter space: ma = 140 MeV and gaWW

= 2 ×10-4 GeV-1 with ALPs decaying in FASER decay volume

• No signals in 5 Veto and Timing scintillator layers

• EM-like signature in Preshower to reduce background of neutrinos interacting in the calorimeter

• Energy in 2nd layer to 1st layer (Preshower Ratio) larger than 4.5

• Energy deposits in second layer > 10 MIPs

• Large energy deposits in calorimeter (> 1.5 TeV)

JHEP 01 (2025) 199
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https://arxiv.org/abs/2410.10363


ALPs search – backgrounds

• Dominated by neutrinos interacting in the 

Preshower or the calorimeter 

• Estimated using MC (0.44 ± 0.39 events) modelling 

[PRD 110, (2014) 012009]

• Validated in different neutrino interaction regions 

(separated by Preshower Ratio)

• Other backgrounds negligible

• Veto System Inefficiency

• Background from Large-Angle 

Muons

• Neutral Hadron Background

• Non-Collision Background 

JHEP 01 (2025) 199
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009
https://arxiv.org/abs/2410.10363


ALPs search – systematics

• Signal yield

• MC modelling (B meson production and decay)

• MC statistics

• Experimental: luminosity, scintillators 

efficiency, calo energy scale, tracking 

efficiency and resolution

• Neutrino background

• 90% uncertainty from MC modelling [PRD 110, 

(2014) 012009]

JHEP 01 (2025) 199
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009
https://arxiv.org/abs/2410.10363


Results
• 1 event observed

• Compatible with background estimation

• World-leading constraints on ALPs coupling to W boson for ma up to 300 MeV and gaWW ~10-4

GeV (unexplored region)

• Result interpreted in several other scenarios - see backup

JHEP 01 (2025) 199
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https://arxiv.org/abs/2410.10363


Prospects
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New Preshower detector

• New high-granularity tungsten-silicon pixel pre-shower detector installed 

• Enable distinguishing between very closed (~0.2 mm) spaced photons

• Improved sensitivity for ALPs analysis

Preshower TDR LHCC-P-023
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https://cds.cern.ch/record/2803084/files/LHCC-P-023.pdf


FASER at HL-LHC

• FASER is approved to run in Run4 (expected ~680 fb-1)

• Will push the limits with higher statistics!

FASER Run4 request
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https://cds.cern.ch/record/2882503/files/LHCC-I-039.pdf?version=1


Expansion for HL-LHC: Forward Physics Facility 

• Proposal to have a cavern housing 4 experiments 627m away 

from the LHC interactions

• Unique potential to shed light on neutrino physics (103-104 𝜈𝜏

interactions), and search for dark matter and other new particles …

FPF proposal
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See Akitaka Ariga’s talk on Monday

https://arxiv.org/pdf/2503.19010
https://indico.in2p3.fr/event/33627/contributions/155270/


Summary

• FASER provides word-leading limits for dark photon (27 fb-1 ) and ALPs (57.7 fb-1) search

• New Preshower detector installed during Run3 upgrade 

• Will help with BSM searches (e.g. ALPs)

• FASER approved at Run4 

• More statistics will boost the sensitivities

• Forward Physics Facility (FPF) housing several detectors (inc. FASER2) is under discussion

• Will provide significant new sensitivity in all dark sector 
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Backup
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Dark photon decay
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FASER
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Pi0 production
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Dark photon previous measurements
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JHEP, 06, 004, 2018 

Dark photon affects the electron 

magnetic dipole moment scaling with 

Visible decay with decay length:



More ALPs interpretations JHEP 01 (2025) 199
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https://arxiv.org/abs/2410.10363


More ALPs interpretations JHEP 01 (2025) 199
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