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Generators FASER⌫ SND@LHC

light hadrons heavy hadrons ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧ ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧

SIBYLL SIBYLL 1343 6072 21.2 184 965 10.1

DPMJET DPMJET 4614 9198 131 547 1345 22.4

EPOSLHC Pythia8 (Hard) 2109 7763 48.9 367 1459 16.1

QGSJET Pythia8 (Soft) 1437 7162 24.5 259 1328 10.7

Combination (all) 2376+2238
�1032 7549+1649

�1476 56.4+74.5
�35.1 339+208

�155 1274+184
�308 14.8+7.5

�4.7

Combination (w/o DPMJET) 1630+479
�286 7000+763

�926 31.5+17.3
�10.3 270+96

�85 1251+208
�285 12.3+3.8

�2.1

TABLE I. Expected number of neutrino interaction events occurring in FASER⌫ and SND@LHC during LHC Run 3 with
150 fb�1 integrated luminosity. We provide predictions for SIBYLL 2.3c, DPMJET III.2017.1, EPOSLHC/Pythia 8.2 with
HardQCD, and QGSJET II-04/Pythia 8.2 with SoftQCD. The two bottom rows provide a combined average, both including and
excluding the DPMJET prediction, where the uncertainties correspond to the range of predictions obtained from di↵erent MC
generators.

FIG. 4. Interacting Neutrino Energy Distribution: The panels show the number of neutrinos interacting with the
FASER⌫ (left) and SND@LHC (right) detectors during LHC Run 3 with 150 fb�1 integrated luminosity as function of the
neutrino energy. The red solid, blue dashed and green dotted lines correspond to electron, muon and tau neutrinos, respectively.
The thick line denotes to the average prediction of di↵erent generators, while the shaded band corresponds to the range of
predictions obtained with di↵erent generators.

showers in green. The line-styles denote to the di↵erent
event generators. Similar to what we have seen for the
energy spectrum, we observe O(1) di↵erences between
the MC generator predictions for neutrinos from light
hadron decays, while the di↵erence for neutrinos from
charm decay are significantly larger.

IV. NEUTRINO EVENT RATES

A. Interactions

While we have so far concentrated on the number of
neutrinos passing though the detector, let us now discuss
the number of neutrinos interacting with each detector.
For this, we convolute the previously obtained neutrino

flux with the neutrino cross section presented in Ref [8].

The resulting number of expected neutrino interac-
tions in FASER⌫ and SND@LHC during LHC Run 3
with an integrated luminosity are presented in Table I.
Since not all generators are able to both simulate light
hadron and charm production, we group them together
in four setups: i) SIBYLL 2.3c, ii) DPMJET III.2017.1,
iii) EPOSLHC for light hadrons and Pythia 8.2 with
HardQCD for charmed hadrons, and iv) QGSJET II-04 for
light hadrons and Pythia 8.2 with SoftQCD for charmed
hadrons. As before, we observe sizable di↵erences be-
tween the di↵erent MC generator prediction, which are
mainly related to the neutrino flux from charmed hadron
decays. The lowest and highest event rates are predicted
by SIBYLL 2.3c and DPMJET III.2017.1, respectively.
Notably, the predictions for the tau neutrino event rate
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Neutrino event rate

• Expected number of CC interactions in FASER𝜈 in LHC Run 3 (150 fb-1)
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𝝂𝒆 𝝂𝝁 𝝂࣎

DPMJET

SIBYLL

DPMJET SIBYLL Pythia8
𝜈௘ , ҧ𝜈௘ 3390 , 1024 800 , 452 826 , 477
𝜈ఓ , ҧ𝜈ఓ 8270, 2391 6571 , 1653 7120 , 2178
𝜈ఛ , ҧ𝜈ఛ 111 , 43 16 , 6 22 , 11

FLUKA BDSIM RIVET
𝜈௘ , ҧ𝜈௘ 2986 , 1261 4495 , 1265 3390 , 1024
𝜈ఓ , ҧ𝜈ఓ 8437 , 2737 14190 , 3244 8270 , 2391
𝜈ఛ , ҧ𝜈ఛ 110 , 55 (no estimate yet) 111 , 43

Differences between the generators checked 
with the same propagation model (RIVET-module)

Comparison between FLUKA/BDSIM/RIVET
using the same generator (DPMJET)

DPMJET

Surface run 
2020 October

Reference

・Pilot run in 2018
・Aims: charged particle flux measurement and neutrino detection 

・Detector : ~30 kg mass emulsion

　- Lead (1-mm-thick, 100 layers) and Tungsten (0.5-mm-thick, 120 layers)

　- Installed in TI18

・Exposure : 12.2 fb-1 (~1.5 months)


T18 and TI12

2 × 2 mm2 data 

 
tracks /cm2
≃ 3 × 105

・Pilot Run Data Analysis 

Rock Emulsion detector
Neutral hadrons

・Analyzed mass target : 11 kg

・Main background (BG) : neutral hadron produced by 

　・Probability of 

・Physics run : lepton ID can kill background efficiently

・Pilot run : lepton ID is challenging by lack of detector length

　- Expected signal =3.3+1.7-0.95, BG = 11.0 events

・18 neutral vertices were selected

　- by applying # of charged particle ≥ 5, etc.

・In BDT analysis, an excess of neutrino signal is observed. 　　
　- Statistical significance = 2.7 σ from null hypothesis


μ
O(10−5)

Vertex detection efficiency 
The background efficiencies are estimated 


with energy >10 GeV by Geant4. 


2.7 σ from  
null hypothesis

・The FASER experiment is a new experiment 

　at the LHC

　- FASER : new particle search 

　- FASER  : High-energy neutrinos

・FASERν is the first collider neutrino experiment

　- Detector with flavor sensitivity

　- Physics run start in 2022 - 2024 (~150 fb-1)

　- Detection of neutrinos from the LHC was 

　  demonstrated with the pilot detector in 2018
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FASER⌫ at the CERN Large Hadron Collider (LHC) is designed to directly detect collider neu-
trinos for the first time and study their cross sections at TeV energies, where no such measurements
currently exist. In 2018, a pilot detector employing emulsion films was installed in the far-forward
region of ATLAS, 480 m from the interaction point, and collected 12.2 fb�1 of proton-proton colli-
sion data at a center-of-mass energy of 13 TeV. We describe the analysis of this pilot run data and
the observation of the first neutrino interaction candidates at the LHC. This milestone paves the
way for high-energy neutrino measurements at current and future colliders.

I. INTRODUCTION

There has been a longstanding interest in detecting
neutrinos produced at colliders [1–6], but to date no col-

⇤ Corresponding author: tomoko.ariga@cern.ch

lider neutrino has ever been directly detected. Proton-
proton (pp) collisions at a center-of-mass energy of 14
TeV during LHC Run-3, with an expected integrated lu-
minosity of 150 fb�1, will produce a high-intensity beam
of O(1012) neutrinos in the far-forward direction with
mean interaction energy of about 1 TeV. FASER⌫ [7] is
designed to detect these neutrinos and study their prop-
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New paper is on arXiv now!!•FASER Letter of Intent: arXiv:1811.10243

•FASER Technical Proposal:  arXiv:1812.09139

•FASER's Physics Reach for Long-Lived Particles: Phys. Rev. D 99 (2019) 095011

•Input to the European Strategy for Particle Physics Update: arXiv:1811.12522

•Detecting and Studying High-Energy Collider Neutrinos with FASER at the LHC: Eur. Phys. J. C 80 (2020) 61

•Technical Proposal of FASERν neutrino detector: arXiv:2001.03073 

•First neutrino interaction candidates at the LHC: arXiv:2105.06197

•Forward Neutrino Fluxes at the LHC: arXiv:2105.08270

: arXiv:2105.06197


Production:  
・Prompt neutrino production at 100 PeV fixed 

target (  = 10 TeV) → neutrino astronomy

・QCD (charm/gluon PDF, intrinsic charm

Propagation: 
・Neutrino oscillation at 

Interaction: 
・3 flavor  cross-section in unexplored Energies

・Neutrino induced heavy quark productions

s

Δm2 ∼ 100eV2

ν

6

Generators FASER⌫ SND@LHC

light hadrons heavy hadrons ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧ ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧

SIBYLL SIBYLL 1343 6072 21.2 184 965 10.1

DPMJET DPMJET 4614 9198 131 547 1345 22.4

EPOSLHC Pythia8 (Hard) 2109 7763 48.9 367 1459 16.1

QGSJET Pythia8 (Soft) 1437 7162 24.5 259 1328 10.7

Combination (all) 2376+2238
�1032 7549+1649

�1476 56.4+74.5
�35.1 339+208

�155 1274+184
�308 14.8+7.5

�4.7

Combination (w/o DPMJET) 1630+479
�286 7000+763

�926 31.5+17.3
�10.3 270+96

�85 1251+208
�285 12.3+3.8

�2.1

TABLE I. Expected number of neutrino interaction events occurring in FASER⌫ and SND@LHC during LHC Run 3 with
150 fb�1 integrated luminosity. We provide predictions for SIBYLL 2.3c, DPMJET III.2017.1, EPOSLHC/Pythia 8.2 with
HardQCD, and QGSJET II-04/Pythia 8.2 with SoftQCD. The two bottom rows provide a combined average, both including and
excluding the DPMJET prediction, where the uncertainties correspond to the range of predictions obtained from di↵erent MC
generators.

FIG. 4. Interacting Neutrino Energy Distribution: The panels show the number of neutrinos interacting with the
FASER⌫ (left) and SND@LHC (right) detectors during LHC Run 3 with 150 fb�1 integrated luminosity as function of the
neutrino energy. The red solid, blue dashed and green dotted lines correspond to electron, muon and tau neutrinos, respectively.
The thick line denotes to the average prediction of di↵erent generators, while the shaded band corresponds to the range of
predictions obtained with di↵erent generators.

showers in green. The line-styles denote to the di↵erent
event generators. Similar to what we have seen for the
energy spectrum, we observe O(1) di↵erences between
the MC generator predictions for neutrinos from light
hadron decays, while the di↵erence for neutrinos from
charm decay are significantly larger.

IV. NEUTRINO EVENT RATES

A. Interactions

While we have so far concentrated on the number of
neutrinos passing though the detector, let us now discuss
the number of neutrinos interacting with each detector.
For this, we convolute the previously obtained neutrino

flux with the neutrino cross section presented in Ref [8].

The resulting number of expected neutrino interac-
tions in FASER⌫ and SND@LHC during LHC Run 3
with an integrated luminosity are presented in Table I.
Since not all generators are able to both simulate light
hadron and charm production, we group them together
in four setups: i) SIBYLL 2.3c, ii) DPMJET III.2017.1,
iii) EPOSLHC for light hadrons and Pythia 8.2 with
HardQCD for charmed hadrons, and iv) QGSJET II-04 for
light hadrons and Pythia 8.2 with SoftQCD for charmed
hadrons. As before, we observe sizable di↵erences be-
tween the di↵erent MC generator prediction, which are
mainly related to the neutrino flux from charmed hadron
decays. The lowest and highest event rates are predicted
by SIBYLL 2.3c and DPMJET III.2017.1, respectively.
Notably, the predictions for the tau neutrino event rate

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 “Collider neutrinos”

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

≃ 3 ൈ 10ହ 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 Δ𝐸/𝐸 ≃ 30%
• 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.

2020  2021  2022  2023  2024 2025 202͞ 202͟ 202͠ …

Schedule and milestones
Data taking in LHC Run 3 (150 fb-1) HL-LHC (3000 fb-1)

FASER2ߥ 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 ∼ 10TeV) Æ Input for 

neutrino telescopes

QCD (charm/gluon PDF, 
intrinsic charm)

Propagation
Unique energy and baseline, 

𝐿/𝐸~10ିଷ m/MeV

Neutrino oscillation at 
Δ݉ଶ~100 eVଶ

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 = ૜. ૙ ൈ ૚૙૝ tracks fb/cm2 in all angular 
space, ૚. ૢ ൈ ૚૙૝ 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 ૛. ૟ േ ૙. ૠ ൈ ૚૙૝ ૚. ૛ േ ૙. ૝ ൈ ૚૙૝

TI12 data ૜. ૙ േ ૙. ૜ ൈ ૚૙૝ ૚. ૢ േ ૙. ૛ ൈ ૚૙૝

FLUKA MC (muons) ૛. ૙ ൈ ૚૙૝

ఓߥ ఛߥ

Tungsten plate (1 mm thick)Emulsion film

௘ߥ τμe

ߥ leptonߥ lepton

D
X

B
𝐷଴ X

ҧߥߥ

௘ߥ ఓߥ ఛߥ

௫ߥ NCcharm beauty

m

hadron
shower

Interface 
tracker (SCTs)

FASER spectrometerFASERߥ
SCTs SCTs

Q

B=0.5 T

g

SCTs

Silicon strip 
detector

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

FASER main detector was 
successfully installed at TI12

in March 2021


