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Physics motivations

Å Studying neutrinos in unexplored high -energy regime (TeV energies)

ï Neutrinos from the LHC

Å Use of a collider as a neutrino source for the first time

Å High energy frontier of man -made neutrinos

ï Cross section measurements of different flavors at high energy

ï Probing neutrino -related models of new physics

ï From the other perspective, measurements of forward particle production

Existing measurements of CC cross sections and the expected energy spectra for FASER
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The FASER experiment

Å FASER is a small and fast experiment at the LHC.

ï Will take data in the LHC Run-3 (2022-2024).

Å FASER (new particle searches) approved by CERN in Mar. 2019.

ï Targeting light, weakly-coupled new particles at low .

ï Funded by the Heising-Simons and Simons Foundations with support from CERN.

Å FASER (neutrino measurements) approved by CERN in Dec. 2019.

ï First measurements of neutrinos from a collider and in unexplored energy regime.

ï Funded by the Heising-Simons Foundation, ERC, JSPS and the Mitsubishi Foundation.
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FASER physics potential: 

high-energy neutrino interactions

Å Primary goal: cross section measurements of different flavors at TeV energies

ï where no such measurements currently exist.

Å NC measurements

ï could constrain neutrino non -standard interactions (NSI).

FASER Collaboration, 

Eur. Phys. J. C 80 (2020) 61, arXiv:1908.02310

A. Ismail, R.M. Abraham, F. Kling, 

Phys. Rev. D 103, 056014 (2021), 

arXiv:2012.10500

(95% allowed region) 

Expected number of CC interactions in FASERduring LHC Run-3 (150 fb-1) 

interactions
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https://link.springer.com/article/10.1140/epjc/s10052-020-7631-5
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.056014


FASER physics potential: 

heavy-flavor-associated channels

Eur. Phys. J. C77 (2017) 367

Ӷ

Ӷ

lepton
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Å Neutrino CC interaction with charm production ( )

ï Study the strange quark content Probe inconsistency between the predictions and the LHC data

Å Neutrino CC interaction with beauty production

ï Has never been detected.

Å Tests of lepton universality in the heavy-flavor-associated channels

ï ~100 CC charm, ~600 CC charm, ~2 CC charm, and ~0.1 CC beauty production expected in FASER

ï >100 more statistics in FASER2
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FASER physics potential: 

forward particle production

Å Neutrinos produced in the forward direction at the LHC originate from decays of 

hadrons, mainly pions, kaons, and charm particles.

Å FASER s measurements provide novel input to validate/improve generators.

ï Forward particle production is poorly constrained by other LHC experiments.

ï First data on forward charm

Å Neutrinos from charm decay, relevant for neutrino telescopes (such as IceCube).

ï In order for IceCube to make precise measurements of the cosmic neutrino flux, accelerator 

measurements of high energy and large rapidity charm production are needed.

ï As 7+7 TeV - collision corresponds to 100 PeV proton interaction in fixed target mode, a 

direct measurement of the prompt neutrino production would provide important basic 

data for current and future high -energy neutrino telescopes.

FASER: >8.8

prompt atmospheric 

neutrinos

by F. Kling

IceCube Collaboration, 

Astrophys. J. 833 (2016)

Charm

hyperon
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The FASERdetector for LHC Run-3

Interface silicon tracker

Veto 

station

Emulsion/tungsten detector
Å770 1-mm-thick tungsten plates, 

interleaved with emulsion films

Å25x30 cm2, 1.1 m long, 1.1 tons 

detector (220 )
Emulsion film Tungsten plate (1mm thick)

FASER spectrometer 

with 0.55T magnets

FASER

Å Emulsion/tungsten detector,

interface silicon tracker, and veto 

station will be placed in front of 

the FASER main detector.

Å Allow to distinguish all flavor of 

neutrino interactions .

ï Muon identification by their track 

length in the detector (8 )

ï Muon charge identification with 

hybrid configuration Ą

distinguishing and Ӷ

ï Neutrino energy measurement 

with ANN by combining 

topological and kinematical 

variables
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