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Possible contribution from new physics in heavy flavors!?
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• Could also be a hint of new physics!?

SM process,
charm production 
via mixing
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High energy neutrinos (𝐸𝜈 > 100GeV) is 
required to access heavy flavor channels

→Need high statistics and high 
energy beam experiment!Poor constraint for 𝜈𝜏



Large Hadron Collider
27 km circumference

7 TeV + 7 TeV 

Let’s open new domain of research!  Neutrino



14TeV 𝑝-𝑝 collisions

Conventional detectors

Strongly interacting massive particles

No neutrino has ever been detected at the LHC, nor at any colliders

FASER (new particle searches) was approved by CERN in Mar 2019
FASER𝝂 (neutrino program) was approved in Dec 2019
Data taking is starting in 2022!

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

arXiv:1812.09139

More → FASER web page: https://faser.web.cern.ch/

https://doi.org/10.1140/epjc/s10052-020-7631-5
https://arxiv.org/abs/1812.09139
https://faser.web.cern.ch/


100 m of rock
480 m

Neutrinos

LHC magnets

𝑝-𝑝 collision at ATLAS

FASER
Neutral hadrons

Charged particles

F𝐀𝐒𝐄𝐑𝝂

150 fb-1

~1.5 ×1016 𝑝-𝑝
collisions

𝟓 × 𝟏𝟎𝟏𝟏 𝝂𝒆
𝟑 × 𝟏𝟎𝟏𝟐 𝝂𝝁
𝟏 × 𝟏𝟎𝟏𝟎 𝝂𝝉

Mean interacting energy ~ 1 TeV

Backgrounds
𝑂 109 𝜇

𝑂 104 𝑛/𝐾0



•→High energy neutrinos from the LHC!

νe νμ ντ

Eur. Phys. J. C 80, 61 (2020)

https://doi.org/10.1140/epjc/s10052-020-7631-5


Interface tracker veto

FASER𝜈
Emulsion/tungsten

FASER
Decay volume & trackers

Dark Photon

FASER preliminary

Ideal
eff. = 100%

Realistic
65-75% eff. for 200μm
85-80% eff. for >300 μm

ALPs



Interface tracker veto

FASER𝜈
Emulsion/tungsten 
neutrino target

FASER
Decay volume & trackers

• Emulsion films = trackers with sub-micron spatial 
resolution, 𝜎𝑖𝑛𝑡𝑟𝑖𝑛𝑠𝑖𝑐 ≃ 50 𝑛𝑚, 𝜎𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 ≃ 0.4 𝜇𝑚

• 770 1-mm-thick tungsten target and emulsion films
• 25x30 cm2, 1.1 m, 1.1 tons (8 𝜆𝑖𝑛𝑡, 220𝑋0)
• Sensitive to 3 flavor neutrinos
• Muon ID in track length in tungsten
• Replace emulsions 3 times a year

charm beauty

5m long detector



Emulsion-based neutrino detector

An event from OPERA



Emulsion-based neutrino detector

𝜏

𝜈𝜏
Kink angle = 41 +- 2 mrad
Decay length = 1335 +- 35 mm
P(daughter) = 12 +6

– 3 GeV
PT(daughter) = 470 +230 

-120 MeV
Phi angle  = 173 +-2 deg
Minv (gg) = 120 +-20 +- 35 MeV
Minv (p p0 (r)) = 640+125

-80
+100

-90 MeV
t → rnt

r → pp0
→ pgg



All charged particles P>0.3 GeV

200 tungsten plates (27 cm)
~ 57 𝑋0, ~ 2 𝜆𝑖𝑛𝑡𝜇𝑚 𝜇𝑚𝜇𝑚

1 TeV 𝜈



Interface tracker veto

FASER𝜈
Emulsion/tungsten 
neutrino target

FASER
Decay volume & trackers

• Global reconstruction with FASER spectrometer 
→muon charge identification
→ 𝜈𝜇/ ҧ𝜈𝜇 separation

• Improve energy resolution

Interface tracker



• Three flavors neutrino cross section
measurements

Expected CC interactions with 150 fb-1

Projected cross section 
sensitivities

arXiv:2105.08270

Moriond 2022  Akitaka Ariga for FASER

https://arxiv.org/abs/2105.08270


• Measure charm 

• Search for beauty 

ҧ𝜈𝑁 → ℓ ത𝐵𝑋

𝜈𝑁 → ℓ𝐵𝐷𝑋

ℓ = 𝑒, 𝜇, 𝜏

𝜈𝜏 𝜏

𝑑/s 𝑐𝑉𝑐𝑑/𝑉𝑐𝑠

𝑊±

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

https://doi.org/10.1140/epjc/s10052-020-7631-5


Primary cosmic ray from 
extrasolar source

Hadron cascade 
production

High energy components in 
forward direction

14 TeV collision = 100 PeV interaction in fixed target mode
Understanding of “Forward particle production with flavor sensitivity” is the 
key for future cosmic ray experiments

prompt neutrinos

IceCube Collaboration, 
Astrophys. J. 833 (2016)

Prompt 
neutrinos

Muon excess

Charm

𝜋/𝐾



LHCf



• Pion, Kaon, charm contribute to different part of energy 
spectra and flavor 

• FASER𝜈
Muon excess, prompt neutrinos
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• Asymmetric gluon-gluon interaction, 
small-𝑥 × large-𝑥

• Neutrinos from charm decay

prompt neutrinos)

FASER𝝂: 𝜼>8.8

𝑝

𝑝

Large-x

Small-x

forward beam

FASER𝝂

2203.05090

http://arxiv.org/abs/2203.05090


QCD using LHC Neutrinos
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TI 18
• BG meas. (2018)
• Pilot run (2018) TI 12

• BG meas. (2018)
• Physics run (2022-)

LHC

BG measurements, pilot run in 2018



BDSim result for TI12, Lefebvre ICHEP2020

𝜇± 𝜈

Particles from 
ATLAS IP

Particles from the 
LHC beamline

Emulsion 
detector

𝜈

Flux in main peak 
[fb/cm2]

TI18 data 1.7 ± 0.1 × 104

TI12 data 1.9 ± 0.2 × 104

FLUKA MC 2.5 × 104
(uncertainty 
50%)



≃ 3 × 105 tracks/cm2

6 weeks, 12.2 fb-1

2 x 2 mm2 data 

𝜇 and 𝑒

neutrinos

30 kg
12.2 fb-1

Proof of principle30 kg detector 

10 cm



Side view Beam view

Phys. Rev. D 104, L091101 (2021)

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


11 kg and luminosity 
of 12.2 fb-1

• Note: no lepton ID in the pilot run → High BG

an excess of neutrino signal

2.7 𝜎

• This result demonstrates the detection of 
neutrinos from the LHC

Phys. Rev. D 104, L091101 (2021)

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




SCT module from ATLAS, 80 
um silicon strip detector

Tracking layer = 8 SCT modules

Calorimeter module from 
LHCb Scintillators 



Emulsion films produced in JapanTungsten plate

Sub-module 
assembling at CERN

Vacuum packed sub-
module

Silver bromide crystals

electron tracks (~100 MeV)

10 tungsten plates
+ 10 emulsion films



4/2020
8/2018

3/2021

𝜈

First emulsion detector installed this week!

3/2022

3/2022

FASER𝜈

FASER𝜈

LHC beam pipe



ντ interaction (τ- decaying to μ-)

Interactions in emulsion 
detector

Hit events in tracker of 
FASER spectrometer

𝑒
𝝂𝒆

1000 μm

𝜏
𝝂𝝉

1.8 TeV

500 μm

1.5 TeV

3 prong decay

EM shower



● Saw first beam particles 

36

First neutrino interactions will be reported within this year



Forward experiment 
in HL-LHC

FASER’s physics run 
(~150 fb-1 or more)

Pilot run & background 
measurements in 2018

2022-25 physics run in LHC RUN3,
1.1 tons, a total area of film 720 m2

2028- FASERν2＠FPF

in HL-LHC, 10-20 tons



Physics Motivation

• The FPF has a rich and broad physics programme

• Three main physics motivations
• Beyond Standard Model (BSM) “dark sector” searches

• Neutrino physics

• QCD physics

• In order to fully benefit from the increase in luminosity from the HL-LHC, 
the FPF will allow:
• Longer detectors to increase target/decay volume

• Wider detectors to increase sensitivity to heavy flavour produced particles

• Space for new detectors with complementary physics capabilities



FPF
• FPF White

http://arxiv.org/abs/2203.05090

http://arxiv.org/abs/2203.05090


Neutrino Detector at the FPF

AdvSND
electronic detector 

near detector at η~5 
far detector at FPF

FLArE
liquid noble gas detector 

FASERv2
emulsion neutrino detector
followed by FASER spectrometer



A huge number of high-energy neutrinos of all 
flavours will be detected by experiments at the 
FPF.

Species #evts
(20tn, 3/ab)

𝜈𝑒 64k ~100k
𝜈𝑒 36k

𝜈𝜇 430k ~500k
𝜈𝜇 120k

𝜈𝜏 2k ~3k
𝜈𝜏 0.8k

_

_

_

Tau neutrino: 
• FPF experiments will increase this number by over two orders of magnitude, enabling precision 𝜈𝜏 studies:
• Measure high energy 𝜈𝜏/ 𝜈𝜏 charge-current cross sections 
• Study 𝜈𝜏 → heavy flavour – towards probing same diagrams as LHCb lepton-flavour violation anomalies

Large sample of 𝜈𝑒, 𝜈𝜇:

• Sterile neutrino, NSI, constrain SM EFT, s-channel resonance,,,
QCD studies →Cosmic-ray

_

Neutrinos at the FPF
https://arxiv.org/pdf/2105.08270.pdf (F. Kling)

https://arxiv.org/pdf/2105.08270.pdf
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FPF workshop series:
FPF1, FPF2, FPF3, FPF4

FPF Paper:
2109.10905

~75 pages, ~80 authors

Snowmass Whitepaper:
2203.05090

~450 pages, ~250 authors

https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090


• Neutrinos at the LHC, a new domain of particle physics research!

FASER neutrinos and LLPs

• FASER𝜈

flavor physics, cosmic-ray physics

• Detection of neutrinos from the LHC was demonstrated with pilot run in 
2018

• FASER is starting data taking in next months! (Collisions in June)

• Strong and broad physics motivation with significant interest from the community
• We invite people from neutrino and wider fields!



FASER Collaboration 
74 collaborators, 21 institutions, 9 countries (as of Jan. 2022)




