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Physics Motivation

‣ Studying neutrino in unexplored energy 
regime 

‣ Neutrino measurements at the LHC 
- First detection of collider neutrinos  
- High energy frontier of man-made neutrinos 
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Trench for FASERࣇ

Studying neutrinos at the high energy frontier with 
FASERࣇ at the LHC

100 m of rock
480 m

LHC forward neutrino beam setup, allowing the 
first studies with ǲCollider neutrinosǳ

Neutrinos

LHC magnets
7+7 TeV p-p 
collision at ATLAS

Neutral hadrons

Charged particles (P<7 TeV)

FASERࣇ

One of the neutrino interaction 
candidates

Akitaka Ariga PD Dr. (University of Bern) for the FASER Collaboration
Contact: akitaka.ariga@lhep.unibe.ch

High energy frontier of man-made neutrinos
Studies of neutrino production, propagation, and 
interaction in an unexplored energy regime

FASERࣇ + FASER hybrid detector
1.2-ton active target, charge ID by spectrometer

 ͵ ൈ ͳͲହ tracks/cm2

2 x 2 mm2 data

ߤ and ݁

30 kg target, 12.5 fb-1 of data

neutrinos

FASERࣇ detector
� 1.2-ton target mass, 1000 each of 

1-mm tungsten, emulsion films
� Spatial resolution of 0.4 ߤm
� Angular resolution of ~ 0.1 mrad
� 280 ܺ Æ EM shower reco.

ÆMom. reco. by the MCS
� ௧ߣ 10 ÆMuon identification
� Energy resolution ȟܧȀܧ  ͵ͲΨ
� Exchange films 10 times during 

Run 3

FASER spectrometer 
complements the charge ID for 
muons ÆMeasurement of  ߥఓ / ҧߥఓ
separately 

Fluxes were computed with the hadron interaction generators: Epos-LHC, QGSJet, Sibyll, 
Pythia 8 (Monash, minimum bias A2-tune). 

The FASER site in March 2020. 
The civil engineering work 
has mostly been completed.
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Schedule and milestones
Data taking in LHC Run 3 (150 fb-1) HL-LHC (3000 fb-1)

FASERߥʹ with larger 
detector and higher 
luminosity is under 
discussion

# of CC int. 
(FASER original)

# of CC int.
(FLUKA-based)

Mean interacting 
energy

ߥҧ ,݁ߥ 810,   460 3000, 1300 830 GeV
ఓߥҧ ,ߤߥ 4500, 1400 8400, 2700 840 GeV

ఛߥҧ ,߬ߥ 15,         7 110,      55 970 GeV

Expected # of interactions in Run 3 
(2021-2024)  with 7+7 TeV, 150 fb-1, 
detector mass 1.2 ton

Pilot run in 2018: First demonstration of 
detecting neutrinos from the LHC

30 kg neutrino detector was placed in the TI18 tunnel, which corrected 12.5 fb-1 of 
data. A handful of neutrino interaction candidates have been selected. The 
preliminary significance w.r.t. zero neutrino hypothesis is 2.7 ߪ.

Protection for the LHC beam pipe under the 
transport path of the FASERߥ detector

Projection 
angle X

particles from the LHC 
beamline

particles from 
ATLAS IP

In-situ measurement of background in 2018

ߥ ఓߥ ఛߥ

Collimated beam

High energy frontier

Infrastructures

Interacting energy spectra and FASERߥ cross section reach in Run 3 (2021-2024)

References
FASERߥ physics paper (LOI to CERN) : 10.1140/epjc/s10052-020-7631-5
FASERߥTechnical Proposal : arXiv:2001.03073
General info about FASER: https://faser.web.cern.ch/ Twitter :

Production
Prompt neutrino production 

at 100 PeV in fixed target 
( ݏ  ͳͲTeV) Æ Input for 

neutrino telescopes

QCD (charm/gluon PDF, 
intrinsic charm)

Propagation
Unique energy and baseline, 

ͳͲିଷ̱ܧȀܮ m/MeV

Neutrino oscillation at 
ȟ݉ଶ̱ͳͲͲ ��ଶ

Interaction
3 flavor neutrino cross 
sections in unexplored 

energy range
Neutrino induced heavy 

quark productions

New physics effects

1 m
Interface tracker (SCTs)

Angular 
distributions

Emulsion detectors installed in the TI18, TI12 tunnels. The 
measured flux in TI12 = Ǥ  ൈ  tracks fb/cm2 in all angular 
space, Ǥ ૢ ൈ  tracks fb/cm2 in the main peak, consistent 
with the FLUKA prediction of  ൈ  fb/cm2 . The background  
is sufficiently low to carry out neutrino studies.

Flux all
[fb/cm2]

Flux in main peak
[fb/cm2]

TI18 data Ǥ  േ Ǥ ૠ ൈ  Ǥ  േ Ǥ  ൈ 

TI12 data Ǥ  േ Ǥ  ൈ  Ǥ ૢ േ Ǥ  ൈ 

FLUKA MC (muons) Ǥ  ൈ 

ఓߥ ఛߥ

Tungsten plate (1 mm thick)Emulsion film
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௫ߥ NCcharm beauty

P

hadron
shower

Interface 
tracker (SCTs)

FASER spectrometerFASERߥ
SCTs SCTs

Q

B=0.5 T

J

SCTs

Silicon strip 
detector

Emulsion-based detector, sensitive to 3 flavors 
ఛߥ ,ఓߥ ,ߥ and heavy quarks (charm, beauty) 

‣ TeV three-flavor neutrino cross section measurements  
‣ Measurements of forward particle production at the LHC



X

FASER Symmetry Magazine

arXiv:1812.09139  
Phys. Rev. D 99 (2019) 095011  

Eur. Phys. J. C 80 (2020) 61  
arXiv:2001.03073 

• ForwArd Search ExpeRiment (FASER) at the LHC 
Placed 480 m downstream of the ATLAS IP on the beam axis 

to be installed in the LHC to take data in run3 

•  Physics moGvaGon 

New long lived parHcle search  

High energy Neutrino from p-p collisions 

2Tomohiro Inada (Tsinghua University), VCI 2022 Vienna (online), 21-25.02.2022

FASER Experiment

‣ Particles produced at ATLAS IP 

‣ 480 m away on the beam axis from the experiment location 
- Charged particles are deflected by LHC magnets 
- Neutral particles are absorbed by either neutral beam absorber or 100 m rock 

‣ Ideal location to search for light, long-lived particle (LLP)  
and measurement of high energy neutrino
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FASER
LLPs,ν 

→ Talk by Deion Fellers tomorrow

TI12 tunnel

https://indico.cern.ch/event/1075471/contributions/4667996/


FASER Detector
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‣ FASERν emulsion 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 with 
0.55T magnets

Forward Physics 
Facility (FPF)

tau neutrinos

FPF length ~35 m

Original FPF idea

FASER

off-axis !

FASER!2          FASER2                     MilliQan LArFASER#
+ FASER

LHC beam pipe
Existing tunnel

Forward 
beam

Extended 
tunnel

FASERν

Interface Silicon Tracker:  3 layer siliconstrip tracker

FASER

Detector for the LHC Run 3
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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

lepton

ҧߥ
തܤ

ܺ
ܦ

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 (8ߣ௧)
± Muon charge identification with hybrid configuration Æ distinguishing ߥఓ and ҧߥఓ
± Neutrino energy measurement with ANN by combining topological and kinematical variables

Veto: 
scintillator

Detector for the LHC Run 3
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FASER spectrometer 
with 0.55T magnets

Interface silicon tracker 
and veto station 

(to be added in the figure)
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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 (8ߣ௧)
± Muon charge identification with hybrid configuration Æ distinguishing ߥఓ and ҧߥఓ
± Neutrino energy measurement with ANN by combining topological and kinematical variables

LLPs,ν 



Physics Reach

‣ Three flavors neutrino cross section measurements  
at high energy 

‣ NC interaction studies 
‣ Neutrino-induced charm/beauty channels 
‣ Approximately 10,000 ν interactions  
expected in LHC Run 3 (2022 ~ 2025)
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Expected CC interaction events



In-situ measurements 
in 2018: Detector environment

• Emulsion detectors were installed to 
investigate TI18 and TI12.

• The measured charged particle flux was 
low and consistent with the FLUKA 
prediction.

• The measurements also showed the 
radiation was low and not problematic.

Particles from 
ATLAS IP

Particles from the 
LHC beamlineTI18

TI12

TI18
TI12

ATLAS IP

Feasible to perform 
neutrino measurements!
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Detector Environment

‣ Muon flux simulations/measurements 
‣ MC prediction is in good agreement with data 
‣ The expected muon flux is low enough to use the 
emulsion detector in the tunnel 
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FLUKA simulation 

Flux all 
[fb/cm2]

Flux in main 
peak [fb/cm2]

TI18 data 2.6±0.7 ×104 1.2±0.4 ×104

TI12 data 3.0±0.3 ×104 1.9±0.2 ×104

FLUKA 
MC

2.0 ×104

There is a void of muon flux 
at the Line of Sight (LoS) due 
to sweeping effect of the 
LHC magnets.

Muons has TeV energy scale.

Simulated by CERN 
STI group 

TI tunnel'$ '#

FASER on LoS

In-situ measurements (2018)
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Detector at TI18 in 2018 Reconstructed tracks

Neutrino candidate

BDT analysis result

2×2 mm2, 10 films

30 kg emulsion 

FASER2ߥ in HL-LHC

First neutrino interaction candidates at the LHC Cross section measurements of 
different flavors at TeV energies

Precision ߥఛ measurements 
and heavy flavor physics studiesFASER Collaboration, Phys. Rev. D 104, L091101 (2021)

FASERߥ/FASER2ߥ schedule

FASERߥ pilot run in 2018 FASERߥ physics run will start in 2022
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First neutrino interaction candidates at the LHC 

‣ Pilot run in 2018, 1 month exposure (12.2 fb-1)  
‣ Statistical significance: 2.7σ from null hypothesis 
‣ Paper: Phys. Rev. D 104, L091101

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L091101


1 2 3 4 5 6 7 8 9 10 11 12

Commissioning 1st 2nd

Timeline for Physics Run
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Readout

Irradiation

Module assembling

Film production
Japan

Japan

@CERN Development of emulsion films

‣ Data taking for 11 times (~ 60 m2 each) in Run 3 (2022-2025) 

‣ Commissioning module (1/3 of the FASERν full size) will be installed in this March 

‣ Readout of emulsion films (HTS-1) 
- Field of view: 25 mm2, readout speed 0.45 m2/h/layer 
- Fast enough to readout in parallel with irradiation

Month: LHC Run 3 stable run



Emulsion Film Production

‣ 268 films (~ 20 m2) were produced for the commissioning module 
‣ Most of the films show good quality 
‣ The module will be assembled with tungsten plates from next week
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Microscope images



Offline Software

‣ Simulation and offline software reconstruction 
frameworks are developed 

‣ Muon charge identification for  /   classification 
will be performed with global analysis of FASER 
spectrometer and FASERν

νμ ν̄μ
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FASER MC simulation 
Event display of ντ interaction (τ- decaying to μ-)

Interactions in emulsion detector

Hit events in tracker of  
FASER spectrometer

ντ CC interaction in emulsion

τ-

μ-



Collaboration
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74 members from  
21 institutions and 9 countries



Conclusions
‣ FASERν studies three flavor neutrinos at the high energy frontier 
‣ Environmental study and pilot run results proved  
the feasibility and potential of the experiment 

‣ Emulsion films for commissioning module were produced and  
the module will be assembled and installed in this March
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Backups
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Neutrino production

Neutrino flux estimates (1)

� Checking three simulations.
± FLUKA (by F. Cerruti's group)
± BDSIM (by H. Lefebvre, L. Nevay)
± RIVET-module (by F. Kling)

� Differences between generators have been checked with the same propagation model 
(RIVET-module)
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ࢋࣇ mainly from kaon and 
charm decays

ࣆࣇ mainly from pion and 
kaon decays

DPMJET

SIBYLL

CharmKaon

࣎ࣇ mainly from ܦ௦ and 
subsequent ߬ decays

DPMJET



Physics
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Additional physics studies

� Measure charm production channels
± Study of quark mixing and QCD
± Large rate ~10% of ߥ CC events

� Search for beauty production channels
± Expected standard model events (ߥఓ ܥܥ ܾ production) are ࣩሺͲǤͳሻ events in Run 3, 

due to CKM suppression, ௨ܸ
ଶ  ͳͲିହ

27

ҧܰߥ ՜ κ തܺܤ

ܰߥ ՜ κܺܦܤ
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Physics studies in the LHC Run 3 (3)
QCD

� Forward particle production is poorly constrained 
by other LHC experiments. FASERߥ·V�neutrinos 
flux measurements will provide novel 
complimentary constraints that can be used to 
validate/improve MC generators.

� Neutrinos from charm decay could allow to test 
transition to small-x factorization, constrain 
low-x gluon PDF and probe intrinsic charm.

� It might also be possible to probe (nuclear) 
PDFs via DIS neutrino scattering. In particular, 
charm associated neutrino events (ߥ � ମ�݈ ܿ) 
are sensitive to the poorly constrained 
strange quark PDF.
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By F. KlingBy F. Kling


