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ForwArd Search ExpeRiment (FASER)

e Search for weakly interacting particles and measurement of high-energy (TeV)
neutrinos of all flavours at the LHC.
e [ ocation ~480 downstream of IP1.
e On the beam axis (coverage 1 2 8.5)

: e Exploiting huge flux of light hadrons in the
Bk forward region in pp collisions.

Low backgrounds: LHC magnets
deflect charged particles; shielded
by 100m of rock/concrete.



ForwArd Search ExpeRiment (FASER)




FASER Operations

e Taking data since 2022.

e Successfully recorded >97% of data.

e 311 fb-! total recorded (2022-2025)
e 207 fb-1 with emulsion detector

e New results today correspond to
e 9.5 fb1 of 2022 emulsion data
o 2022-2024 electronic data

Operations, May 2024
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FASER Physics

Searches beyond the SM:

- Weakly interacting particles the

~ MeV to GeV range e.g.

« Dark photons

+ Axion like particles (ALPs)
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Collider neutrinos:

- High energy neutrino interactions of all

flavours

+ Cross sections at unexplored TeV

scales, LFV, and QCD

* Probe forward hadron production
+ Cosmic ray shower modelling

FASERv at Run 3 (250 fb)
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FASER Physics

Searches beyond the SM:
- Weakly interacting particles the

~ MeV to GeV range e.g.
« Dark photons
+ Axion like particles (ALPs)

JHEP 01 (2025)
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Collider neutrinos:
- High energy neutrino interactions of all
flavours
« Cross se-

adron production
655 __«cray shower modelling

FASERv at Run 3 (250 fb)
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Neutrinos at FASER

Two ways to detect collider neutrinos, independent (so far).

1) Emulsion detector: 2) Electronic spectrometer:

- detect all neutrino flavours - fast analysis (only using electronic

- excellent spatial resolution (0.3 ym) components of detector)

- slow (each film must be scanned, digitised, - separate anti-neutrino/neutrino (muon charge)

and processed) - can study only CC muon neutrino interactions
(so far)

e
Ve -*'@ Vy-> <ﬂ-

'S
Emulsion film \ Tungsten plate (Tmm thick)
\

s FASERv . .
B inti Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower
scintillator IFT 9 gsp scintillator station

I I : I rI-
SSoa -

Calorimeter

Magnets & decay volume

FASERv tungsten/emulsion detector




CERN-FASER-CONF-2026-002

v FASERv detector, 730 films
—_ Analyzed volume, 730 plates
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target mass and 9.5 fb-1 of data.
e Factor 2x increase in statistics!

e Small background from neutral hadrons.
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FASERv analysis
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Neutrino energy reconstruction
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e Muon momentum measured exploiting

multiple coulomb scattering.
e 20-23% resolution, validated in testbeam

Neutrino (vﬂ) energy reconstructed

with a regression BDT for Yy CC.
e Inputs:p, 1/9ﬂ, and Zpﬁ:d
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Differential cross section
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Search for associated charm production

e Search for charm hadrons produced in

association with v, or v, interactions.

e Displaced vertex reconstruction
e Important benchmark for v/,
reconstruction.

Candidate event
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CERN-FASER-CONF-2026-005

v, differential measurement ,
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CERN-FASER-CONF-2026-005

v, differential measurement

e Measure cross-section (assuming flux) or flux (assuming cross section).
e Probe of models relevant to cosmic ray showers with higher precision.
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Differential cross section
FASER Preliminary
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FASEA

Emulsion-spectrometer matching

Preliminary
19
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v, in the EM calorimeter

e Measurement of electron neutrinos interacting in the

calorimeter.
e Spare LHCb outer ECAL modules, interleaved lead and
scintillator

e Probe of forward (charm) hadron production,
background in BSM searches, step towards differential

measurements for v,.

Veto Scintillators Stations
Magnets

ot

Lead Shield Tracking Stations

EM Calorimeter

Graphite
Absorber
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CERN-FASER-CONF-2026-004
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e Main background: muon neutrinos,
constrained using data.
e Observation (5.50) of electron neutrinos

(CC + NC v,) in the EM calorimeter.

e Observed: 105 events
e Expected: 81 £ 29 events
e DR07)
e Highest energy event E = 2.1 TeV
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Beyond the SM



CERN-FASER-CONF-2026-001

Preshower
Scinti || s Scinti Ilatov s llllll Mugnets Scintillator Station

(2la Y ) (3| °°°° l (2layers)

Dark Photons + |
I-II E|-.-.-.-‘3.?'?'9?."5‘."'.-".'"."%_"5_'591)___ — ‘:E :

FASERv Emulsi 1 T T

Detocto Timing Tracking Spectrometer Statio!
Scinti Ilotor l

Station 3m

Calorimeter

e Search for dark photons decaying into e e~ using 2022-2024 e
data. e
e First update since Moriond 2023, with 6.5x more data. 7! 4“4
e No veto signal and E(calo) > 500 GeV. RN
e New signal regions:
e One track and track segment SRs (2.5x higher signal Decay

S 7
efficiency).
e Small background from neutrinos: Al -------

e One-track SR: 0.05 = 0.04 events
e Track segment SR: 0.027 = 0.014 events




Dark Photons

® 0 events observed in all SRs
e New world-leading constraints on dark photons with

mass ~ 10 MeV-150 MeV and ¢ ~ 107> — 10~
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Lots to look forward to

e New signatures and analysis techniques.

e More data from 2025 and 2026.
e Upgraded preshower from 2025 onwards.

I | 1 | 1 L | L 1 L | 1

e 95% of emulsion data to be analysed. 300 P g0 P P B 2 2 0 P POy 20

Month in Year

e New neutrino detectors for HL-LHC Run-4:
e |nvestigating emulsion and electronic
neutrino detection technologies
(arXiv:2503.19775).
e Prototype off-axis neutrino detectors
installed in tunnel for 2026 data taking:
e AHCAL (prototype CEPC hadronic
calorimeter)
e FASERCal (based on T2K SuperFGD
scintillating cubes)



https://arxiv.org/abs/2503.19775
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e Presented hot-off-the-press new results
covering FASER’s neutrino and BSM
programmes.

e Represents significant advance since FASER
started taking data in 2022.

e Still huge amount of data to be exploited, and
exploring upgraded detectors for Run-4.
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Why study collider neutrinos?

Neutrino interactions (all flavours) at unexplored
TeV energies

Probe of forward hadron production, novel inputs
for:

- QCD (gluon PDFs at low-x, intrinsic charm)
- Astroparticle physics (collider counterpart of high-

energy cosmic rays interactions: cosmic ray muon puzzle)

Probe of hadron structure (proton/nuclear PDFs)

Background to BSM searches
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JINST 19 (2024) P05066

ﬁpe”“r_e: 20 cm Linked with LHC clock, luminosity from ATLAS
ength: 7 m
The FASER detector
. Spectrometer |Veto system
EM calorimeter . i - - 2x2cm scintillator planes
. 4x LHCb outer EM 3x S|I]con strllp (ATLAS SCT)
modules tracking S,tatlon_s Front Scintillator
* 0.57 T B field dipole magnets veto system
Tracking spectrometer stations Scintillator ] <o ATLAS | g A
R V,

veto system

Electromagnetic
Calorimeter

FASERvV emulsion

Interface
detector

Tracker (IFT)

Trigger / timing  IFASERvV
scintillator station 1. { { tonne tungsten target
Magnets + 770 emulsion layers

« 220 Xo , 7.8 Aint 27

Trigger / pre-shower
scintillator system


https://arxiv.org/abs/2207.11427

CERN-LHCC-2022-006

Preshower upgrade

e ALPs decays to 2 photons generally separated by < 1 mm
— cannot be resolved in current detector.
® Preshower upgrade:
o Layers of monolithic silicon pixel detectors (high-granularity
hexagonal pixels) with tungsten absorber
o |dentify photons separated by ~200 pm Tracker

o Installed in February 2025 Pro-showerand | "b“kbm

backsplash stopper

Calorimeter

Magnets

Trigger / pre-shower
station 28



https://cds.cern.ch/record/2803084

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates

FASERL detector

Emulsion film  Tungsten plate (1 mm thick)
(25 cm x 25 cm)

e [FASERv: tungsten emulsion
detector Emulsion film  Cross-sectional view
e 3D tracking detector, 50 nm
precision, no timing
o Total mass 1.2 tons, 285 Xp, 10.1
Aint
e Needs to be exchanged every
~3 months (during technical
stops) to control track density i Japan At CERN inJapan

: it rackslom: G, e e e

o 10 emulsion detectors in total
needed for 2021-2024 data Off-line analysis '

P« [ - ) - i« ] « e s

~ Emulsion tayer (70 pm) ¢~

Plastic base (200 um)

- Emulsion layer (FOpm)—

dispersed in gelatin media



FASERv analysis

e (CC neutrino candidates selected from vertices with at least 5 tracks:

o Electrons: short track, EM shower

o Muons: long track, no secondary particles

e | arge angular separation between lepton and CC remnants.

@® v beam

High purity selection

Vertex reconstruction
(Nirack = 5/ Nyrack(tand <0.1)=4)

E, orp, >200 GeV
tan@, or tang, >0.005
¢>90°
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N events

N events

FASERv analysis
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FASERv analysis
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arxiv:2602.17575

FASER. muon momentum reconstruction
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FASERL differential cross section
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Search for associated charm production

Simulation

Production ID 200025, event 103177

Data reconstruction

Primary neutral vertex identification

Primary lepton (u, e) identification

vCC candidates

e e,
Vertex position Primary tracks

In-track kink
Secondary search
neutral vertex

search Disconnected
daughter search

Basic cuts Basic cuts

Secondary vertex search

MVA selection MVA selection
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Search for associated charm production
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v, differential measurement
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v, differential measurement
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v, differential measurement
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Probability

39



Calorimeter electron neutrinos
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< rdsci Preliminary L=177fb"
E 30k B Stat. ® Syst. fi = 1.57.02°
< '._ ....... Stat. Only
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20;
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Ecaio [GeV] | [250-300]  [300-600]  [600-1000]  [+1000] Total
Ve + Ve 6.52 +£3.32 20.62 +£12.59 9.44 +7.01 5.32 +4.40|41.90 + 27.32
(1/“ + 17#) FV 9.85+2.76 19.524+4.97 3.94+1.02 1.26 £0.32| 34.57 £9.07
(I/H + ﬁﬂ) Out-FV|1.11 £0.30 2.124+0.54 0.524+0.12 0.14 £ 0.03| 3.89 +0.99
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Axion Like Particles (ALPs)

e Search for a light pseudoscalar particle decaying to a pair of photons.
e ALPs reaching FASER have momentum up to TeVs.
e Using 58 fb-1 of 2022 + 2023 data.

Signal Acceptance
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Axion Like Particles (ALPs)
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Axion Like Particles (ALPs)

e Dominant background: neutrino interactions — 0.4 + 0.4 events

e Negligible backgrounds from other sources:
neutral hadrons, large-angle muons, non-collision/cosmic

e Backgrounds validated in control regions
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A 3" ( Calori : R )
) = FASER alorimeter Region
: : .g 10 - /v, 7 syst.® stat.
1 | Preshower g 1 v, —— cam+stat
Magnet | “Other” . Region/ 10 E
Region Region ! Signal e
! ' Region 102
10 - --4--ccnnn o S 107
107
Calorimeter
Region Q. g
» Preshower Ratio s ¥
' ' S 05E
Q YIE
1.5 4.5 0

400 600 800 1000 1200 1400 1600 1800 2000
Calorimeter EM Energy [GeV] 43



https://arxiv.org/abs/2410.10363

arXiv:2410.10363

Axion Like Particles (ALPs)

e Expect 0.4 + 0.4 from v interactions

e 1 observed event
e Exclude uncovered parameter space significantly
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Dark Photons

-y -y — = Original Two-Track SR Source Value |Effect on Signal Yield
10 \fﬂé’!} wm= One Track + Segment SRs X Theory, Statistics and Lumianity l
Preliminary 1 Dark Photon Generation (from mesons) 15% | 15% + 13% (8%)
Dark Photon Generation (from dark Bremsstrahlung)| 22% | 22% =+ 30% (40%)
10! Luminosity 1.9% 1.9%
10" Tracking: One Track
10° Momentum Scale 5% <0.5%
Momentum Resolution 5% <0.5%
Single Track Efficiency 1.22% 1.22%
10-5 10-! Tracking: Segment
Segment Efficiency [6.07% 6.07%
[ 10-2 Preshower
Preshower Ratio [3.6% | 3% + 3% (10%)
_ _ Calorimeter
L it —107 Calo E Scale [5.46%] 3% + 3% (11%)

my [GeV]
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