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FASER - New experiment at the LHC Run3

LHC beamline

FASER has started operation since July 2022
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Idea and Motivation

Central Region
H, t, SUSY

Forward Region
π, K, D

Light New Physics:
A’, ALPs, DM 

SM Physics: νe, νμ, ντ

One Slide of Motivation.
The LHC produces an intense and strongly collimated beam 

of highly energetic particles in the forward direction. 

1017 π0, 1016 η, 1015 D, 1013 B within 1 mrad of beam

Can we do something with that? 
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Can we do something with that? 

Idea and Motivation

The LHC produces an intense and strongly collimated beam of highly 
energetic particles in the forward direction. 
e.g. 1014 π0 within 1 mrad of beam 

Explore a rich BSM and SM 
physics programs  

in the far farward region
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2The FASER Experiment
FASER is new, small experiment at the LHC
Constructed and installed in 2019-2021
FASER targets light and weakly coupled particles
Exploits large LHC collision rate and highly collimated forward 

production of light particles, for instance in pion decays
1% of pions with E>10 GeV produced at η>9.2
Designed to detect both new long-lived BSM particles, such as dark 

photons and ALPs as well as neutrinos
Located 480m from ATLAS interaction point
LHC magnets as well 100m of rock shields most backgrounds

• ForwArd Search ExpeRiment (FASER) at the LHC 
Placed 480 m downstream of the ATLAS IP on the beam axis 
Started the operation from July 2022 (LHC run3) 

•  Physics motivation 
New long-lived particle searches in MeV-GeV masses  
All flavors of neutrinos at the TeV-energy frontier

• Favorable location 
• Very low background from collision 

• Only high-energy muon at about 
1/cm2/sec 

• Low radiation level from the LHC 
• 4×106 1-MeV neutron/cm2/year 
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FASER
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FASER Detector

$

Radius: ~MV cm 
Length: ~K m

W LHCb calorimeter modules

V.OT air-core permanent dipole

M.Ym

J.Ym long tracker (ZO ATLAS SCTs)
on the beam collision axis

Scintillators for veto, trigger, and 
preshower (particle ID)

JINST +, (!.!#), P.$.22

P ton

FASER detector
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On the beam axis 
10cm radius  
7m long 

JINST 19 (2024), P05066

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066
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All detector components are successfully installed in T12 in March 2022

Particles 
from ATLAS

6

FASERν
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‣ Hadronic EAS physics 
‣ Atmospheric neutrino production 
‣ BSM Physics / Dark Matter

p, A

p, A

‣ Large Hadron Collider (LHC) 

‣ Extensive Air Shower (EAS)

Introduction
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Introduction

Collider neutrinos w/
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Click to edit Master subtitle style
Collider Neutrinos

• Neutrinos produced copiously in decays of forward hadrons
• Highly energetic (TeV scale) à high interaction cross section

• Extends FASER physics program into SM measurements
• Targets measurement of highest energy man-made neutrinos
• Energy range complementary to existing neutrino experiments

13Study at colliders originally proposed by Rújula and Rückl in 1984!

For 35 fb-1 ve vμ vτ
Main source Kaons Pions Charm
# traversing 
FASERν ~1010 ~1011 ~108

# interacting 
in FASERν ≈200 ≈1200 ≈4

PRD 104, 113008

 = 13.6 TeV ⇄ lab. frame 100 PeV p-p interaction 

Possible to study hadron interaction models of neutrino flux 
e.g. application into air-showers study like prompt neutrino

s

w/ all flavors

Fill gaps between fixed 
target experiments and 
cosmic-ray experiments 
w/ highest energy 
human-made TeV 
neutrinos

GeV-TeV  beam  ν
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Neutrino flux
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• Two strategies for measurements 
• Emulsion-based detector → all flavor sensitive 
• “Electonic” detector technique →  separation 

• 10,000 neutrinos should be collected

νμ/ν̄μ

∼ 3

FASERν Expected Number of Interactions

Expected CC interaction events (JYV fb-M)

Phys. Rev. D MMV, VMJVVZ 

• ~MV,VVV ν interactions expected in 
 LHC Run N (JVJJ-JVJY)
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FASERν Expected Number of Interactions

Expected CC interaction events (JYV fb-M)

Phys. Rev. D MMV, VMJVVZ 

• ~MV,VVV ν interactions expected in 
 LHC Run N (JVJJ-JVJY)

FASERν (Emulsion-based detector)  
Sensitive to all 3 flavors

In Fig. 7, the distribution of interacting neutrinos is
shown in the ðx;EnergyÞ plane, where x is the horizontal
spatial coordinate; this plot would look similar for the
vertical component. Here a detector is assumed with the
same material as FASERν, centered on the true LOS, but
with dimensions 1 m × 1 m × 1 m, where the larger trans-
verse extension is chosen to show the distribution over a

larger range. As in Fig. 6, muon neutrinos are more
collimated than electron neutrinos, which are more colli-
mated than tau neutrinos, but we also see that the highest-
energy neutrinos of each species are focused along
the LOS.
In Fig. 8 the binned event rate is shown for νe, νμ, and ντ

for Run 3 (upper panels) and Run 3þ Run 4 (lower panels).

FIG. 8. Binned energy spectra for electron (left), muon (center), and tau (left) neutrinos interacting in FASERν at LHC Run 3 with a
total integrated luminosity of 250 fb−1 (upper panels) and at LHC Run 3 + Run 4 with a total integrated luminosity 930 fb−1 (lower
panels). For each bin, the neutrinos are separated by their parent hadrons: pions (red), kaons (green), charm hadrons (blue), and hyperons
(yellow). Hadron production and decay of light (charm) hadrons are modeled by EPOS-LHC (POWHEG+PYTHIA8.3). Also shown are
statistical errors per bin, defined as

ffiffiffiffiffiffiffiffiffi
Nbin

p
, which demonstrate that Run 3 measurements will have sufficient statistics to be sensitive to

components of neutrinos from the different parent hadrons.

FIG. 9. The energy spectra of muon neutrinos and antineutrinos detected through their CC interactions, using only the electronic
detector components of FASER in LHC Run 3 with a total integrated luminosity of 250 fb−1 (left) and in LHC Run 3 þ Run 4 with a
total integrated luminosity of 930 fb−1 (right). For each bin, the neutrinos are separated by their parent hadrons, as indicated. FASER’s
magnets enable charge identification of the outgoing muons, which allows νμ and ν̄μ separation for energies below a TeV.

ROSHAN MAMMEN ABRAHAM et al. PHYS. REV. D 110, 012009 (2024)

012009-10

“Electric” detector technique 
Charge separation νμ/νμ̄

Phys. Rev. D 110, 012009
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009
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Neutrino flux
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ROSHAN MAMMEN ABRAHAM et al. PHYS. REV. D 110, 012009 (2024)

012009-10

“Electric” detector technique 
Charge separation νμ/νμ̄

Phys. Rev. D 110, 012009

• Flux uncertainties 
• about 10-15% from light hadrons 
• 50-100% from charm

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.012009
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Observing Neutrinos in FASER

Possible to make a first observation of neutrinos
using just spectrometer and veto systems

Search for charged-current νµ events with no signal in two 

front veto and one high momentum track in the rest of detector

Simulated neutrino interaction

Observing Neutrino in FASER spectrometer  

10

• Try to make a first observation of neutrinos using trackers and veto system 
• Signal: no signal in two front veto and one high momentum track in the rest of detector 

4. Timing and preshower consistent with ≥1 MIP 
5. Exactly 1 good fiducial (r < 95 mm) track  
• pT>100 GeV and θ<25 mrad 
• Extrapolating to r<120 mm in front veto  

1. Good collision events 
2. No signal (<40 pc) in 2 front vetos  
3. Signal (>40 pC) in other 3 vetos 

Expect 151 ± 41 signals 
from GENIE simulation 
• Uncertainty from 

DPMJET vs SIBYLL 
• No experimental　

errors 

Background 
- Veto inefficiency: negligible  
- Neutral hadrons: 0.11±0.06 

events (MC) 
- Scattered large-angle muons: 

0.08±1.83 events (sideband)

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)
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Neutrino Results
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• Upon unblinding find 153 events with no veto signal
• Just 10 events with one veto signal

• First direct detection of collider neutrinos!
• With signal significance of 16σ

Candidate Events

n0 153

n10 4

n01 6

n2 64014695

(151 ± 41)

Neutrino candidate

First detection of collider neutrino 

11

• Upon unblinding find 153 events with no veto signal 
• Just 10 events with one veto signal  

• First direct detection of collider neutrinos!  
• With signal significance of 16σ  

• Candidate neutrino events match expectation from signal  
• Observed both neutrinos and anti-neutrinos as we expected 

•

Click to edit Master subtitle style
Neutrino Results
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• Upon unblinding find 153 events with no veto signal
• Just 10 events with one veto signal

• First direct detection of collider neutrinos!
• With signal significance of 16σ

Candidate Events

n0 153

n10 4

n01 6

n2 64014695

(151 ± 41)

Neutrino candidate
Candidate Events

ν enriched Events 
(Passed all event selection)

153, (151±41, MC)

Events  
(1 veto signal at the first layer) 

)la

4

Events  
(1 veto signal at the second 

layer)

6

Events 
 (Veto signals for both layers)

64014695

Phys. Rev. Lett. 131, 031801 (2024)

Note: no acceptance 
corrections nor 
systematic 
uncertainties in the 
plot  

Track momentum distribution 

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031801
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Updates in 2025: Observed events and kinematics
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362 observed  
322 ± 51  CC expected + 24 non-  CC BGνμ νμ

Muon momentum is unfolded into 
neutrino energy with  separation  νμ/ν̄μ

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)
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Interpretations of  interaction rateνμ
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≈ç

≈ç

≈ç

• FASER’s result can be interpreted in two ways 
• Neutrino Cross-sections 
• Flux measurements・hadron production measurements 

Achieved first  cross-section measurements!!ν̄μ

Phys. Rev. Lett. 134, 211801 

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.211801
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Neutrino measurement with rapidity distribution 

14

• To study the characterization of forward hadron production at the LHC 
• Define five rapidity bins (annular regions) around line of sight (black cross) 
• Rapidity from transverse position of reconstructed muon, then unfolded to neutrino rapidity 

• Rapidity y = -ln tan(θ/2)

CERN-FASER-CONF-2025-001

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-001/
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Forward Physics 
Facility (FPF)

tau neutrinos

FPF length ~35 m

Original FPF idea
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CC heavy quark production
Emulsion film Tungsten plate (1mm thick)

� Emulsion/tungsten detector and interface silicon tracker will be placed in front of the main 
FASER detector.

� Allows to distinguish all flavor of neutrino interactions.
± 770 1-mm-thick tungsten plates, interleaved with emulsion films
± 25x30 cm2, 1.1 m long, 1.1 tons detector (220ܺ଴)
± Emulsion films will be replaced every 30-50 fb-1 during scheduled LHC technical stops (3 times per year)
± Muon identification by their track length in the detector (8ߣ௜௡௧)
± Muon charge identification with hybrid configuration Æ distinguishing ߥఓ and ҧߥఓ
± Neutrino energy measurement with ANN by combining topological and kinematical variables

Veto
Detector for the LHC Run 3

7
ߥ

FASER spectrometer 
with 0.55T magnets

Interface silicon tracker 
and veto station 

(to be added in the figure)
FASERࣇ

lepton

ܺ

ߥ

௘ߥ
݁

ఛߥ
߬

ఓߥ
ߤ

Detection of neutrino interactions in emulsion detector
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CC heavy quark production
Emulsion film Tungsten plate (1mm thick)

� Emulsion/tungsten detector and interface silicon tracker will be placed in front of the main 
FASER detector.

� Allows to distinguish all flavor of neutrino interactions.
± 770 1-mm-thick tungsten plates, interleaved with emulsion films
± 25x30 cm2, 1.1 m long, 1.1 tons detector (220ܺ଴)
± Emulsion films will be replaced every 30-50 fb-1 during scheduled LHC technical stops (3 times per year)
± Muon identification by their track length in the detector (8ߣ௜௡௧)
± Muon charge identification with hybrid configuration Æ distinguishing ߥఓ and ҧߥఓ
± Neutrino energy measurement with ANN by combining topological and kinematical variables

‣ FASERν detector 
- 770 × [tungsten (1 mm) + emulsion film] 
- 25×30 cm2, 1.1 m, 1.2 tons (220 X0) 
- Spatial (angular) resolution: 0.4 μm (0.1 mrad) 

‣ ν flavor tagging with topological/kinematical informations 
- Muon charge identification by FASER spectrometer

ν

Veto

FASERν

Emulsion/tungsten detector 
- 730 x [tungsten plates(1.1 mm thickness) + emulsion films] 

25×30 cm2, 1 m long, 1.1t (220 X0) 
- Emulsion films are replaced every 20-30 f-1        

- (3 times per year)

FASERν Emulsion detector flavor tagging with topological/kinematical informations 

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)
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� Emulsion/tungsten detector and interface silicon tracker will be placed in front of the main 
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± 770 1-mm-thick tungsten plates, interleaved with emulsion films
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± Emulsion films will be replaced every 30-50 fb-1 during scheduled LHC technical stops (3 times per year)
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Emulsion film Tungsten plate (1mm thick)

� Emulsion/tungsten detector and interface silicon tracker will be placed in front of the main 
FASER detector.

� Allows to distinguish all flavor of neutrino interactions.
± 770 1-mm-thick tungsten plates, interleaved with emulsion films
± 25x30 cm2, 1.1 m long, 1.1 tons detector (220ܺ଴)
± Emulsion films will be replaced every 30-50 fb-1 during scheduled LHC technical stops (3 times per year)
± Muon identification by their track length in the detector (8ߣ௜௡௧)
± Muon charge identification with hybrid configuration Æ distinguishing ߥఓ and ҧߥఓ
± Neutrino energy measurement with ANN by combining topological and kinematical variables

‣ FASERν detector 
- 770 × [tungsten (1 mm) + emulsion film] 
- 25×30 cm2, 1.1 m, 1.2 tons (220 X0) 
- Spatial (angular) resolution: 0.4 μm (0.1 mrad) 

‣ ν flavor tagging with topological/kinematical informations 
- Muon charge identification by FASER spectrometer

ν

Veto

FASERν
FASERν Emulsion Detector

Figure 45: A picture of the emulsion film coating system.

FASER trench, and it is important to make the detector size small, which also lowers the cost of the1300

emulsion. Second, its short radiation length is good for a higher performance both in EM shower1301

reconstruction, keeping shower tracks to a small radius, and in momentum measurement using1302

multiple Coulomb scattering. Last, the radioactivity is low and safe for emulsion films.1303

The thermal expansion coe�cient of tungsten is very small, U = 4.5⇥10�6/K. The temperature1304

in the TI12 tunnel was monitored in 2018 and its variation was found to be very small, namely1305

⇠0.1 °C. The linear thermal expansion of 25 cm of tungsten is then expected to be 0.1 `m. Since the1306

thermal expansion coe�cient is very di�erent between emulsion films (U ⇠ 10�4/K) and tungsten,1307

it is necessary to exert a large mechanical pressure on the emulsion films and tungsten plates in1308

such a way that the soft emulsion films follow the thermal expansion of the tungsten plates.1309

A total of 1600 1-mm-thick tungsten plates were purchased to be used for the FASERa detector.1310

A dedicated device for measuring and mapping the thickness was prepared to check the tungsten1311

plate thickness’s uniformity. The thickness was measured semi-automatically at 24 points on each1312

plate, and the maximum di�erence among the 24 points was checked. The plates with a di�erence1313

smaller than 80 `m are used to construct the emulsion detector, corresponding to about 97% of the1314

measured tungsten plates. The average thickness of the qualified tungsten plates is 1093`m, with1315

an RMS of 25 `m.1316

Material Atomic Density Hadronic Interaction Radiation length Thermal expansion
number [g/cm3] [cm] length [mm] U [⇥10�6K�1]

Iron 26 7.87 16.8 17.6 11.8
Tungsten 74 19.30 9.9 3.5 4.5

Lead 82 11.35 17.6 5.6 29

Table 6: Properties of possible target materials.

– 54 –

Development plan

• 730 FASERν films.
• 160 muon flux film (1/6th of the size).

• 200 FASERν films → one cycle.
• Racks can hold 25 FASERν films → one chain.
• 4 cycles of 9 chains planned → each takes 3 days.
• Can have 3 chains going at the same time.

4

film surface to be analyzed in FASERa is 174 m2/year implying a readout time of 770 hours/year.1392

Assuming some hours of machine time each day, it will be possible to finish reading out the data1393

taken in each year within a year. The HTS system was also used for the readout of the 2018 pilot1394

detector, which led to the observation of the first neutrino interaction candidates at the LHC [19].1395

Figure 50: The fast emulsion readout system HTS [65], with a readout speed of 0.45 m2/hour/layer.

7.8 Pilot analysis with the 2018 data1396

In 2018, a pilot emulsion detector was installed in the TI18 tunnel. An integrated luminosity of1397

12.2 fb�1 was collected during 4 weeks of data taking from September to October with ?? collisions1398

at 13-TeV centre-of-mass energy. The analysis of the pilot detector allowed demonstrating that the1399

emulsion readout and reconstruction can work in the actual experimental environment. The data1400

analysis is based on the readout of the full emulsion films by the HTS system. Data processing was1401

divided into sub-volumes with a maximum size of 2 cm ⇥ 2 cm ⇥ 25 emulsion films. After the1402

precise alignment procedure, tracks are reconstructed in multiple films with a dedicated tracking1403

algorithm for high-density environments [66].1404

The majority of the tracks observed in the detector are expected to be background muons and1405

related electromagnetic showers. These background charged particles were analysed using a unit1406

of 10 emulsion films. The angular resolution with this condition is expected to be 0.05 mrad.1407

Fig. 51 (left) shows the observed angular distribution peaked in the direction of the ATLAS IP.1408

There are 2 peaks separated by 2.5 mrad. The reason for the 2-peak structure is not understood, but1409

simulation studies are ongoing, which could inform on future data measurements. It’s also clear1410

that the angular resolution should be better than the angular spread of the peaks. For example,1411

the horizontal angular spread of one of the peaks (left in the figure) is 0.6 mrad, equivalent to the1412

multiple Coulomb scattering of 700 GeV particles through 100 m of rock. The charged particle1413

flux within 10 mrad from the peak angle is measured to be (1.7± 0.1) ⇥ 104 tracks/cm2/fb�1, which1414

– 59 –

FASERv DetectorFASERv Detector
FASERv Detector

FASERv Detector

Readout

AlignmentTrack reconstructionVertex reconstructionPhysics analysis

DevelopmentExposureAssemblyFilm production Disassembling

Japan JapanCERN

Offline analysis

8
Overview for emulsion analysis 

FASERν Emulsion detector flavor tagging with topological/kinematical informations 

Xichang, China, 25th August 2025,TAUP 2025, LHC-FASER, Tomohiro Inada (Kyushu U.)

Emulsion/tungsten detector 
- 730 x [tungsten plates(1.1 mm thickness) + emulsion films] 

25×30 cm2, 1 m long, 1.1t (220 X0) 
- Emulsion films are replaced every 20-30 f-1        

- (3 times per year)
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‣ FASERν detector 
- 770 × [tungsten (1 mm) + emulsion film] 
- 25×30 cm2, 1.1 m, 1.2 tons (220 X0) 
- Spatial (angular) resolution: 0.4 μm (0.1 mrad) 

‣ ν flavor tagging with topological/kinematical informations 
- Muon charge identification by FASER spectrometer

ν

Veto

FASERν

FASERν Emulsion detector 
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Figure 45: A picture of the emulsion film coating system.

FASER trench, and it is important to make the detector size small, which also lowers the cost of the1300

emulsion. Second, its short radiation length is good for a higher performance both in EM shower1301

reconstruction, keeping shower tracks to a small radius, and in momentum measurement using1302

multiple Coulomb scattering. Last, the radioactivity is low and safe for emulsion films.1303

The thermal expansion coe�cient of tungsten is very small, U = 4.5⇥10�6/K. The temperature1304

in the TI12 tunnel was monitored in 2018 and its variation was found to be very small, namely1305

⇠0.1 °C. The linear thermal expansion of 25 cm of tungsten is then expected to be 0.1 `m. Since the1306

thermal expansion coe�cient is very di�erent between emulsion films (U ⇠ 10�4/K) and tungsten,1307

it is necessary to exert a large mechanical pressure on the emulsion films and tungsten plates in1308

such a way that the soft emulsion films follow the thermal expansion of the tungsten plates.1309

A total of 1600 1-mm-thick tungsten plates were purchased to be used for the FASERa detector.1310

A dedicated device for measuring and mapping the thickness was prepared to check the tungsten1311

plate thickness’s uniformity. The thickness was measured semi-automatically at 24 points on each1312

plate, and the maximum di�erence among the 24 points was checked. The plates with a di�erence1313

smaller than 80 `m are used to construct the emulsion detector, corresponding to about 97% of the1314

measured tungsten plates. The average thickness of the qualified tungsten plates is 1093`m, with1315

an RMS of 25 `m.1316

Material Atomic Density Hadronic Interaction Radiation length Thermal expansion
number [g/cm3] [cm] length [mm] U [⇥10�6K�1]

Iron 26 7.87 16.8 17.6 11.8
Tungsten 74 19.30 9.9 3.5 4.5

Lead 82 11.35 17.6 5.6 29

Table 6: Properties of possible target materials.
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Development plan

• 730 FASERν films.
• 160 muon flux film (1/6th of the size).

• 200 FASERν films → one cycle.
• Racks can hold 25 FASERν films → one chain.
• 4 cycles of 9 chains planned → each takes 3 days.
• Can have 3 chains going at the same time.

4

film surface to be analyzed in FASERa is 174 m2/year implying a readout time of 770 hours/year.1392

Assuming some hours of machine time each day, it will be possible to finish reading out the data1393

taken in each year within a year. The HTS system was also used for the readout of the 2018 pilot1394

detector, which led to the observation of the first neutrino interaction candidates at the LHC [19].1395

Figure 50: The fast emulsion readout system HTS [65], with a readout speed of 0.45 m2/hour/layer.

7.8 Pilot analysis with the 2018 data1396

In 2018, a pilot emulsion detector was installed in the TI18 tunnel. An integrated luminosity of1397

12.2 fb�1 was collected during 4 weeks of data taking from September to October with ?? collisions1398

at 13-TeV centre-of-mass energy. The analysis of the pilot detector allowed demonstrating that the1399

emulsion readout and reconstruction can work in the actual experimental environment. The data1400

analysis is based on the readout of the full emulsion films by the HTS system. Data processing was1401

divided into sub-volumes with a maximum size of 2 cm ⇥ 2 cm ⇥ 25 emulsion films. After the1402

precise alignment procedure, tracks are reconstructed in multiple films with a dedicated tracking1403

algorithm for high-density environments [66].1404

The majority of the tracks observed in the detector are expected to be background muons and1405

related electromagnetic showers. These background charged particles were analysed using a unit1406

of 10 emulsion films. The angular resolution with this condition is expected to be 0.05 mrad.1407

Fig. 51 (left) shows the observed angular distribution peaked in the direction of the ATLAS IP.1408

There are 2 peaks separated by 2.5 mrad. The reason for the 2-peak structure is not understood, but1409

simulation studies are ongoing, which could inform on future data measurements. It’s also clear1410

that the angular resolution should be better than the angular spread of the peaks. For example,1411

the horizontal angular spread of one of the peaks (left in the figure) is 0.6 mrad, equivalent to the1412

multiple Coulomb scattering of 700 GeV particles through 100 m of rock. The charged particle1413

flux within 10 mrad from the peak angle is measured to be (1.7± 0.1) ⇥ 104 tracks/cm2/fb�1, which1414
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flavor tagging with topological/kinematical informations 
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Emulsion/tungsten detector 
- 730 x [tungsten plates(1.1 mm thickness) + emulsion films] 

25×30 cm2, 1 m long, 1.1t (220 X0) 
- Emulsion films are replaced every 20-30 f-1        

- (3 times per year)
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FASERν Analysis toward  and  detections νe νμ

• Data set:
• 2022 second module → 9.5 fb-1;
• Target mass: 128.6 kg;
• ∼ 1.7% of data collected to date.

• Selection criteria:
• Vertex reconstruction:

• Ntrack ≥ 5
• Ntrack(tanθ ≤ 0.1) ≥ 4

• Lepton requirements:
• Ee or pμ > 200 GeV
• tanθe or tanθμ > 0.005

• Back-to-back topology: Δφ > 90°

New FASERν Analysis

Jeremy Atkinson, Universität Bern 11DIS2024 09/04/2024

Data set: 
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• Data set:
• 2022 second module → 9.5 fb-1;
• Target mass: 128.6 kg;
• ∼ 1.7% of data collected to date.

• Selection criteria:
• Vertex reconstruction:

• Ntrack ≥ 5
• Ntrack(tanθ ≤ 0.1) ≥ 4

• Lepton requirements:
• Ee or pμ > 200 GeV
• tanθe or tanθμ > 0.005
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New FASERν Analysis

Jeremy Atkinson, Universität Bern 11DIS2024 09/04/2024 • Vertex reconstruction: (Ntrack ≥ Y, 
Ntrack(tanθ ≤V.M)≥W) 

• Ee or pμ >JVV GeV 
• tanθe or tanθμ >V.VVY 
• φ>ZV°
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Figure 5: Reconstructed momenta versus true momenta in simulated muon
tracks with a flat momentum distribution from 1 to 2000 GeV.

4.4. Selection e�ciencies and systematic uncertainties

The selection e�ciencies for ⌫e CC, ⌫̄e CC, ⌫µ CC, and ⌫̄µ
CC events are shown in Figure 6. Due to the helicity combina-
tion, leptons in anti-neutrino events are more boosted, and the
other particles have less energy, than in neutrino events. Conse-
quently, the e�ciency of anti-neutrino events to pass the vertex
selection is slightly lower than that of neutrino events.
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Figure 6: Selection e�ciencies for ⌫e CC and ⌫̄e CC interactions (left), and for
⌫µ CC and ⌫̄µ CC interactions (right). The statistical uncertainties are shown.

Systematic uncertainties related to the signal expectation are
summarized in Table 2. The systematic uncertainty from tung-
sten thickness is estimated based on the variation of the mea-
sured plate thickness. The systematic uncertainty from the LOS
position is estimated by varying the detector alignment with the
LOS by ±1 cm. The systematic uncertainty from hadroniza-
tion in the neutrino interaction simulation is estimated using
five di↵erent PYTHIA physics tunes, varying the hadronization
parameters (37). The systematic uncertainty related to the re-
construction, including kinematical measurements, is estimated
by varying the track segment e�ciency from the nominal value
of 90% to the worst case of 80%. The relative di↵erence of
the selection e�ciencies is 16% for ⌫e CC and 12% for ⌫µ CC
events. Other systematic uncertainties in the reconstruction are
sub-dominant, and an overall reconstruction systematic uncer-
tainty of 20% is assigned.

The systematic uncertainties listed in Table 2 for ⌫e are domi-
nated by the flux uncertainty, with the hadronization and recon-
struction uncertainties contributing at the 20% level. The flux
uncertainty is dominant for ⌫e since a significant fraction of ⌫e
originates from decays of charm hadrons, which have large un-
certainties in their forward production. For ⌫µ, the flux uncer-
tainty is sub-dominant, with the hadronization and reconstruc-
tion uncertainties dominating.

Table 2: Systematic uncertainties related to the signal expectation.

Source Relative uncertainty

⌫e ⌫µ

Luminosity 2.2% 2.2%

Tungsten thickness 1% 1%

Interactions with emulsions +3.6
�0 % +3.6

�0 %

Flux uncertainty +70
�22% +16

�9 %

Line of sight position +2.1
�2.4% +1.9

�2.5%

E�ciency from hadronization +22
�5 % +23

�5 %

E�ciency from reconstruction 20% 20%

E�ciency from MC statistics 4.9% 2.8%

Total +70
�22% (flux) +16

�9 % (flux)

+30
�21% (other) +31

�21% (other)

5. Backgrounds

The background from neutral-hadron interactions is esti-
mated using MC simulation. The neutral-hadron MC samples
are normalized to the equivalent luminosity of the data by us-
ing the number of observed and simulated muons. The final
neutral-hadron samples are equivalent to ⇠400 times the size of
the data.

The modelling of the neutral-hadron background in the simu-
lation is validated using the initial neutral-vertex sample of data
(before the high-energy electron or muon selection is applied),
which is dominated by neutral-hadron interactions. For this val-
idation study, only a part of the analysed volume (150 tungsten
plates from film 7 to 156) was used. The expected number of
hadron interaction vertices is 246, while the number of neutral
vertices in the data sample is 139. Figure 7 shows a comparison
of the number of tracks in the vertex, and the reconstructed mo-
mentum of the highest momentum track, between the neutral-
hadron MC and the data. For the comparison, the MC distribu-
tions are normalized to the same number of vertices as observed
in the data. The neutrino candidates that satisfy the event selec-
tion are excluded from the data for this comparison. The shapes
of the distributions are well modelled in the simulation, and the
number of interactions is found to be compatible at better than
the 50% level, with more neutral-hadron interactions predicted
in the MC than observed in the data.

5

Figure 7: MC simulation distributions of track multiplicity (left) and momen-
tum of the highest momentum track (right) from neutral-hadron interactions
vertices. The observed events in the data sample (except for neutrino candidate
events) are shown in black. The MC simulation distributions are normalized to
the number of events observed in the data.

Table 3 shows the selected number of neutral-hadron simu-
lated events when applying the ⌫e and ⌫µ CC selections.

Table 3: The number of MC reconstructed events of neutral-hadron interactions
satisfying the ⌫e and ⌫µ CC event selection. The scaling factor shows the ratio
of the data luminosity to the MC luminosity.

Hadron type KL n ⇤

Events simulated (Eh >200 GeV) 13497 13191 13902
Events selected as ⌫e CC 0 0 0
Events selected as ⌫µ CC 6 11 5
Scaling factor (data/MC) 1/232 1/256 1/423

Hadron type KS n̄ ⇤̄

Events reconstructed (Eh >200 GeV) 7113 5827 5368
Events selected as ⌫e CC 1 0 0
Events selected as ⌫µ CC 3 3 4
Scaling factor (data/MC) 1/436 1/569 1/630

Systematic uncertainties on the neutral-hadron background
estimate are evaluated by varying the incident muon energy dis-
tribution and by varying the physics lists used to model the
neutral-hadron interactions in GEANT4. The incoming muon
energy distribution was scaled up and down by a factor of
1 + E/(3 TeV) to distort the spectrum as a function of muon
energy E, and the e↵ect on the expected neutral-hadron back-
ground was evaluated. In addition, the relative change in the
background was checked using the physics list QGSP BERT (38)
to model the hadron interactions instead of the FTFP BERT
physics list. From these studies, a systematic uncertainty of
100% on the expected background is assigned.

In addition to the neutral-hadron background, there is a con-
tribution to the set of vertices retained by the ⌫e and ⌫µ CC se-
lection from NC neutrino interactions. The background from
NC neutrino interactions is estimated from simulated samples.
None of the simulated NC events passed the ⌫e CC selection,
using a sample equivalent to 150 times the size of the analyzed
dataset. The number of NC events expected in the analysed
dataset after the ⌫µ CC selection is estimated as 0.045+0.004

�0.005
(flux) ±0.003 (cross section) +0.076

�0.024 (others) and 0.008+0.013
�0.004

(flux) ±0.001 (cross section) +0.007
�0.004 (others) for events originat-

ing from light hadrons and charm hadrons, respectively.
The total background estimates are 0.025+0.015

�0.010 and 0.22+0.09
�0.07

for the ⌫e and ⌫µ selections, respectively.

6. ⌫e and ⌫µ candidate events

Four events are selected by the ⌫e selection on data. The
properties of the selected vertices are compared with the expec-
tations from ⌫e CC simulation (Figure 8) and for the properties
of the individual tracks forming the vertices (Figure 9). The
highest reconstructed electron energy from the selected ⌫e CC
candidates is 1.5 TeV. It is therefore the highest-energy ⌫e inter-
action ever detected by accelerator-based experiments.

Eight events are selected by the ⌫µ selection on data. The
properties of these selected vertices are compared with the ex-
pectation from ⌫µ CC simulation (Figure 10) and for the prop-
erties of the individual tracks forming the verticies (Figure 11).
The highest reconstructed muon momentum from the selected
⌫µ CC candidates is 864 GeV, meaning that the ⌫µ sample in-
cludes neutrinos with energy likely above 1 TeV, far higher than
from previous accelerator-based neutrino studies.

In general the simulation describes the data well for both the
⌫e and ⌫µ selections. Example event displays of ⌫e and ⌫µ candi-
dates are shown in Figure 12. As expected, both events exhibit
a back-to-back topology between the lepton candidate and the
other tracks in the vertex.

Figure 8: MC simulation distributions of the track multiplicity (N tracks), lep-
ton angle (tan ✓lep), lepton momentum (plep), and �� for the ⌫e CC signal that
passed the selection criteria. The observed ⌫e CC candidate events in the data
sample are shown in black. The MC simulation distributions are normalized to
the number of observed events.

The expected number of neutrino signal events satisfying the
selections are in the range 1.1–3.3 (for ⌫e CC) and 6.5–12.4
(for ⌫µ CC), where the range covers the uncertainties listed in

6

Selection Background control

• The modeling of neutral-hadron 
backgrounds are validated using data

Expected 
background

Expected 
signal Observed Significance

νeCC 0.025+0.015-0.010 1.1-3.3 4 5.2σ

νμCC 0.22+0.09-0.07 6.5-12.4 8 5.7σ

First detection of νe and νμ with FASER! detector
Background model
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νe events

Jeremy Atkinson, Universität Bern 13DIS2024 09/04/2024

• Ee = 1.5 TeV, highest νe energy measured!
• MC normalized to number of observed events.

Side View Beam View eventsνe
• Ee = 1.5 TeV, highest  measured 
• MC normalized to number of observed events.

νe

νe events

Jeremy Atkinson, Universität Bern 13DIS2024 09/04/2024

• Ee = 1.5 TeV, highest νe energy measured!
• MC normalized to number of observed events.

Side View Beam View
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νμ events

Jeremy Atkinson, Universität Bern 14DIS2024 09/04/2024

Side View Beam View

• pμ = 360 GeV.
• MC normalized to number of observed events.

 eventsνμ
• pμ = 360 GeV. 
• MC normalized to number of observed events.

νμ events

Jeremy Atkinson, Universität Bern 14DIS2024 09/04/2024

Side View Beam View

• pμ = 360 GeV.
• MC normalized to number of observed events.
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• First observation of νe at the LHC!
• First neutrino cross-section measurement in the TeV range!

Results from FASERν:
νμ and νe events!

Jeremy Atkinson, Universität Bern 15DIS2024 09/04/2024

Interaction Expected 
background

Expected 
signal

Observed Significance

νe CC 0.025−0.010+0.015 1.1 – 3.3 4 5.2σ

νμ CC 0.22−0.07+0.09 6.5 – 12.4 8 5.7σ

• Measurement relative to theoretical curve. • Uncertainty dominated by neutrino flux.

arXiv:2403.12520!!!

Results from FASER : 
and  events!

ν
νμ νe
• First observation of  at the LHC! 
• First neutrino cross-section measurement in the TeV range! 
• Large uncertainty from neutrino flux

νe• First observation of νe at the LHC!
• First neutrino cross-section measurement in the TeV range!

Results from FASERν:
νμ and νe events!

Jeremy Atkinson, Universität Bern 15DIS2024 09/04/2024

Interaction Expected 
background

Expected 
signal

Observed Significance

νe CC 0.025−0.010+0.015 1.1 – 3.3 4 5.2σ

νμ CC 0.22−0.07+0.09 6.5 – 12.4 8 5.7σ

• Measurement relative to theoretical curve. • Uncertainty dominated by neutrino flux.

arXiv:2403.12520!!!

Phys. Rev. Lett. 133, 021802 (2024)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.021802
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Forward hadron producution Study

CERN-FASER-CONF-2025-004• Experimental test of forward pion, Kaon, and Charm production at the LHC

https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-004/
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Summary
• LHC-FASER is taking data in Run3 of LHC operation, 

we had collected ~190 f-1 collected and since then 
another 55 f-1  

• Providing timely physics results 
• First  x sections (with 2 % of data) 
• First  x-section and, differential x-section   
• Neutrino rapidity distribution 

Prospects 
• Additional 180 f-1 to be collected in 2024. 2025 
• FASER in Run4 approved  
• Discussing extended physics programs 

•  Forward Physics Facility (2031-) in HL-LHC era 
•  Details are In this paper

νe, νμ
ν̄μ

https://arxiv.org/abs/2503.19010
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