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What is FASER?

=  ForwArd Search ExpeRiment
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faser.web.cern.ch

➔ Targets light and weakly interacting 
particles

➔ ~7 m x 25 cm x 30 cm detector 

➔ ~480 m downstream of ATLAS IP

➔ On collision axis line-of-sight

➔ New experiment at the LHC built and installed in 2019-2021
◆ Successful data taking in June-Nov 2022 and April-August 2023

See also Florian’s talk tomorrow  

https://faser.web.cern.ch/about-the-experiment
https://indico.desy.de/event/34916/timetable/?view=standard#18-neutrino-interactions-at-th


ATLAS forward region
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380 m +

|η| ≳ 9

TI12 tunnel 100 m

LHC ring

A’, ALPs, ν …

➔ Large flux of hadrons highly collimated along the beam direction
◆ ~1% of E > 10 GeV pions are produced within FASER 

acceptance (only ~10-8 of total solid angle)

LHC 
magnets

charged particles 
(p < 7 TeV)

➔ Decays/interactions of hadrons produce 
neutrinos and (potentially) A’s, ALPs, …

◆ Decay products of BSM particles 
can be detected by FASER



The FASER detector
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arXiv:2207.11427

https://arxiv.org/abs/2207.11427


The FASER detector
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FASER operations
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➔ Continuous and largely automatic data taking in 2022
◆ Up to 1.3 kHz trigger rate 
◆ More than 350M single muon events recorded

➔ Recorded 96.1% of delivered luminosity
◆ Limited by DAQ deadtime (1.3%) and a couple of crashes
◆ Dark photon analysis uses 27.0 fb-1 (with optical filters)



Dark photons at FASER

➔ Dark photons are a general feature of “hidden sector” models
◆ Weakly coupled to SM with strength determined by kinetic mixing, ε

➔ FASER most sensitive to parameter space with
mA’ ~ 10 - 100 MeV and ε ~ 10-5 - 10-4

◆ π0 → A’γ dominant production mechanism
◆ mA’ < 2 mμ ⇒ BR(A’ → e+e-) ~ 100% 
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Dark photon modelling

➔ Dark photon signal events modelled using 
FORESEE arXiv:2105.07077

◆ EPOS-LHC used to model very forward π0 
and η production

● Also includes subdominant 
dark-bremsstrahlung contribution

➔ Systematic uncertainties from signal modelling 
are the dominant contribution

◆ Mainly from forward hadron production
◆ Envelope from parameterised difference 

between EPOS-LHC and QGSJET/SIBYLL
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https://arxiv.org/abs/2105.07077


Dark photon event selection
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➔ Simple event selection optimised for discovery
◆ Require LHC collision event with good quality data
◆ Blind data with no veto signal and Ecalo > 100 GeV

➔ Find ~40% signal selection efficiency over parameter space FASER is sensitive to

A’

e+e-

Ecalo > 500 GeV

3.  

1.   

2.  Exactly 2 good fiducial tracks
     p > 20 GeV, radius < 95 mm

No signal in any 
veto scintillator

Timing and pre-shower signals 
consistent with ≥ 2 MIPs

4.  



Dark photon backgrounds - I
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➔ Veto station inefficiency
◆ Measured layer-by-layer with muon tracks pointing to veto layers
◆ Layer efficiency > 99.9997%
◆ With 5 layers reduce expected 108 muons to negligible level
◆ 0 events expected



Dark photon backgrounds - II
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➔ Non-collision backgrounds
◆ Cosmics measured in runs without beam
◆ Nearby beam debris measured in non-colliding bunches
◆ No events observed with ≥ 1 track or Ecalo > 500 GeV
◆ 0 events expected



Dark photon backgrounds - III
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➔ Neutrinos (main background)
◆ Mostly from interactions in the timing layer
◆ Estimated using 300 ab-1 GENIE simulation

● Uncertainties from flux and interaction modelling
◆ 1.5 x 10-3 events expected



Dark photon backgrounds - IV
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➔ Neutral hadrons
◆ From upstream muons interacting in the rock in front of FASER
◆ Heavily suppressed since:

● The muon typically continues through FASER and so is vetoed
● The neutral hadron must pass through 8 interaction lengths before decaying
● The decay products must have high energy

◆ Estimated by extrapolating events with 2 or 3 tracks and different veto conditions
◆ 0.84 x 10-3 events expected



Unblinded results
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Limit setting
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➔ No events seen in unblinded SR
◆ Set (90% CL) limits in previously unprobed parameter space
◆ Excludes region relevant for dark matter thermal relic target
◆ Result reinterpreted in terms of B-L model



Summary

➔ FASER successfully took data throughout first year of Run 3
◆ Detector fully functional with high efficiency

➔ Constraints on previously unexplored dark photon / B-L parameter space 
◆ Includes exclusion of interesting thermal relic region

➔ 10x more LHC Run 3 data to look forward to
◆ Recorded an additional ~30 fb-1 of data
◆ New searches, e.g. ALPs and other multiphoton signatures underway

➔ Large upgrade to FASER planned for HL-LHC
◆ Part of Forward Physics Facility arXiv:2203.05090
◆ Significant improvement in sensitivity expected
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Thank you for your attention!

https://arxiv.org/abs/2203.05090


Backup

17



Dark photon selection
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*scaled down by 7% 
following data-driven 
estimate of two-track 
tracking efficiency



Dark photon neutral hadrons
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Dark photon systematics

20



Dark photon limits
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Thermal relic target
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B-L at FASER

➔ Accidental conservation of B and L in SM suggests new local symmetries
◆ U(1)B-L gauge symmetry is one well-motivated example
◆ Associated with B-L boson, coupled to SM with strength gB-L

➔ FASER sensitivity constrained to mass range 2 me < mA’ < 2 mμ ~ 211 MeV
◆ Light meson decays and dark bremsstrahlung dominant production modes
◆ Can decay to electrons, SM neutrinos, and possibly sterile neutrinos

● Assume decays to sterile neutrinos kinematically inaccessible
◆ BR(A’B-L → e+e-) ~ 40%
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B-L limits
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The FASER collaboration

84 members from 24 institutions and 10 countries
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