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FASER𝜈
Supported by:



collider method

• High energy frontier 

Production

Prompt neutrino production 
Input for neutrino telescopes

Pion/Kaon/D ratio

QCD (charm/gluon PDF, 
intrinsic charm)

Propagation

Unique energy and baseline, 
𝐿/𝐸~10−3 m/MeV

Neutrino oscillation at 
Δ𝑚2~1000 eV2

Interaction

3-flavor neutrino cross sections 
in unexplored energy range

Neutrino induced heavy quark 
productions

New physics effects



100 m of rock
480 m

Neutrinos

LHC magnets

p-p collision at ATLAS

FASER
Neutral hadrons

Charged particles

F𝐀𝐒𝐄𝐑𝝂

FASER𝝂 coverage

Beam size 
≃O(10) cm

Unexplored energy regime for all three flavors Collimated beam

𝜋,𝐾, 𝐷



• Neutrino cross section measurement at unexplored energy range

𝝂𝒆 𝝂𝝁 𝝂𝝉

Projected precision of FASER𝜈 measurement at 14-TeV LHC (150 fb-1)

inner error bars: statistical uncertainties, outer error bars: uncertainties from neutrino production rate 
corresponding to the range of predictions obtained from different MC generators.

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

𝝂𝒆 𝝂𝝁 𝝂𝝉



• Measure charm 

• Search for Beauty 

ҧ𝜈𝑁 → ℓ ത𝐵𝑋

𝜈𝑁 → ℓ𝐵𝐷𝑋

ℓ = 𝑒, 𝜇

𝜈𝜏 𝜏

𝑑 𝑐𝑉𝑐𝑑

𝑊±



neutrinos flux 
measurements

test 
transition to small-x factorization, constrain low-x 
gluon PDF and probe intrinsic charm.

• It is also interesting to probe (nuclear) PDFs 
via . In particular, 
charm associated neutrino events (𝜈 s→ 𝑙 𝑐) 
are sensitive to the poorly constrained 
strange quark PDF.

By F. Kling
By F. Kling

ln x

(𝑉𝑐𝑑)

PDF in proton (neutrino production) PDF in target (neutrino interaction)



to make precise measurements of 
the cosmic neutrino flux

measurement 
of the prompt neutrino production at FASER𝝂

cosmic ray 
experiments have reported an excess in the 
number of muons 

New 
input from LHC is crucial to reproduce CR data 
consistently

prompt atmospheric neutrinos

K.H. Kampert, M. Unger, Astropart. Phys. 35, 660 (2012), 
H.P. Dembinski et al., EPJ Web Conf. 210, 02004 (2019)

IceCube Collaboration, 
Astrophys. J. 833 (2016)



new light 
weakly coupled gauge bosons

neutrino non-standard interactions

• Sterile neutrinos

DM scattering.

F. Kling, Phys. Rev. D 102, 015007 (2020), arXiv:2005.03594

A. Ismail, R.M. Abraham, F. 
Kling, arXiv: 2012.10500

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

B. Batell, J. Feng, S. Trojanowski, 2020, in preparation



Interface silicon tracker
Veto 
station

Emulsion/tungsten detector
• 770 1-mm-thick tungsten plates, 

interleaved with emulsion films
• 25x30 cm2, 1.1 m long, 1.1 tons detector 

(220𝑋0)

𝜈𝑒
𝑒

𝜈𝜏
𝜏

𝜈𝜇
𝜇

Emulsion film Tungsten plate (1mm thick)

FASER spectrometer 
with 0.55T magnets

FASER𝜈

𝜈

• Emulsion/tungsten detector,
interface silicon tracker, and veto 
station

all flavor of 
neutrino interactions

• Muon identification

• Muon charge identification



arXiv:2105.06197

≃ 3 × 105 tracks/cm2

Sep-Oct 2018, 6 weeks, 12.2 fb-1

2 x 2 mm2 data 

𝜇 and 𝑒neutrinos

Aiming to demonstrate the feasibility of 
detection of collider neutrinos

30 kg detector 

10 cm

Best fit (no 𝑁𝐵𝐺 constraint)

https://arxiv.org/abs/2105.06197


FASER site in March 2021
FASER𝜈 installation 
test in May 2021

FASER𝜈

Cosmic-ray tracked by FASER 
tracker

Emulsion film
Tungsten plates

Vacuum packed 
emulsion sub-module



• Emulsion / tungsten detector

20 tons
~× 20 of FASER𝜈

100-400 times statistics 



2
tau neutrino and rare 

processes
• Tau neutrino 

magnetic moment
tau neutrino production

charm and beauty 

• Non-Standard Interaction
• Neutrino oscillation at Δ𝑚2

• Dark matter 

Error bars = 
statistical only



• HL-LHC would increase muon rate by a factor of 2.5  Problem!!

• Can we suppress 80-90% of muon background? 

90% of muons are expected to be P<500 GeV

2 x 2 mm2 x 10 films

≃ 3 × 105 tracks/cm2

with 12.5 fb-1

A piece of data from 2018 run



particles from the 
LHC beamline

particles from 
ATLAS IP

Projection X

Data and the FLUKA prediction 
agrees within their uncertainty.

(uncertainty 100%)

10 mrad

10 mrad

There are two peaks in the main peak.
Particles traveled through 100 m of 
rock, nevertheless the angular spread 
is very small. The fitted sigma is less 
than 1 mrad, corresponding to P>500 
GeV

emulsion films, 0.3 mm
tungsten plates, 0.5 mm

beam detector 
structure

Zoom of the main peak



6 cm x 5 cm x 8 films

T2K muon pit

an array of emulsion modules in T2K 

BDSim



https://arxiv.org/abs/2109.10905

https://arxiv.org/abs/2109.10905




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

• FASER𝜈
Muon excess, prompt neutrinos

𝜈𝜇
𝜈𝑒

𝜈𝜏

𝜋

𝐾

𝐷

𝐾
𝐷

𝐷𝑠



Expected neutrino event rate 

in LHC Run-3

• A high-intensity beam of neutrinos will be 

produced in the far-forward direction.

• FASER𝜈 will be centered on the LOS (in the 

FASER trench) to maximizes fluxes of all 

neutrino flavors.
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DPMJET

SIBYLL

𝝂𝒆 𝝂𝝁 𝝂𝝉

DPMJET

Charm

𝑲 𝑲𝝅

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

Differences between the generators 

checked with the same propagation 

model (RIVET-module)

https://arxiv.org/abs/2105.08270


Particles from 
ATLAS IP

Particles from the 
LHC beamlineTI18

TI12

TI18
TI12

ATLAS IP

Feasible to perform 
neutrino measurements!



particles from the 
LHC beamline

Muon background measurement in 2018

emulsion films, 0.3 mm
tungsten plates, 0.5 mm

Projection Y and zoomed

𝜎 = 2.3 mrad
≃ measurement resolution

 marginal multiple Coulomb 
scattering in 100 m of rock 

 the particles are very high 
momentum, P>300 GeV.

Projection X

particles from 
ATLAS IP

beam detector 
structure

Data and the FLUKA 
prediction agrees within 
their uncertainties.

(uncertainty 100%)

10 mrad

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




