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High energy neutrinos is required to 
access heavy flavor channels

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



14 TeV p-p collision Intense neutrino beam (+ long 
lived particles, LLPs) here!

FASER, new particle searches, TP 1812.09139, approved in Mar 2019
FASER𝜈, neutrinos, TP 2001.03073, approved in Dec 2019

No experiment has s0ught 
neutrinos at the LHC so far!

https://arxiv.org/abs/1812.09139
https://arxiv.org/abs/2001.03073


100 m of rock
480 m

Neutrinos

LHC magnets

p-p collision at ATLAS

FASER
Neutral hadrons

Charged particles

F𝐀𝐒𝐄𝐑𝝂

Negligible cost for 
infrastructure!



FASER𝝂 coverage

Beam size 
≃O(10) cm

Unexplored energy regime for all three flavors Collimated beam

Study of production, propagation and 
interactions of high energy neutrinos



FASER𝜈 pilot run
(TI18) FASER/FASER𝜈

(TI12)

LHC



BDSim result for TI12, Lefebvre ICHEP2020

𝜇± 𝜈

Particles from 
ATLAS IP

Particles from the 
LHC beamline

Flux in main peak
[fb/cm2]

TI18 pilot 1.7 ± 0.1 × 104

TI12 data 1.9 ± 0.2 × 104

FLUKA MC 2.5 × 104

Emulsion 
detector



≃ 3 × 105 tracks/cm2

6 weeks, 12.2 fb-1
2 x 2 mm2 data 

𝜇 and 𝑒
neutrinos

30 kg detector 

10 cm

• Analyzed target mass of 11 kg and 12.2 fb-1

• Pilot neutrino detector doesn’t have lepton ID 

• Expected signal = 3.3−0.95
+1.7 events, BG = 11.0 

events
• In BDT analysis, an excess of neutrino signal is 

observed. Statistical significance = 2.7 sigma 
from null hypothesis

"First neutrino interaction candidates at the LHC, 
arXiv:2105.06197"

https://arxiv.org/abs/2105.06197


Interface tracker veto

FASER𝜈
Emulsion/tungsten
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Decay volume & trackers



Interface tracker

veto

FASER𝜈
Emulsion/tungsten

FASER
Decay volume & trackers

• 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

charm beauty



Interface tracker

veto

FASER𝜈
Emulsion/tungsten

FASER
Decay volume & trackers

• Hybrid structure to have muon charge ID
• Distinguish 𝜈𝜇 and ҧ𝜈𝜇→Wider physics cases

• Improve energy resolution

Interface tracker



• Small detector, but a lot of interactions (~𝟏𝟎𝟒 CC) are expected 
during Run3

• Neutrino fluxes are being cross-checked among different simulations

hadron generators beamline infrastructure reproduction 

Expected number of CC interactions in FASER𝝂 in Run3 (14 TeV LHC, 150 fb-1)

𝜈𝑒 from charm decays (SYBYLL, DPMJET, Pythia8)

• Work in progress for quantifying and reducing these uncertainties

– Creating a dedicated forward physics tune with Pythia8, using forward data 
(LHCf, FASER’s muon measurements, etc.)

Large variation between different hadron production 
models (at p-p collision)



Eur. Phys. J. C77 (2017) 367
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CC heavy quark production

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) 

𝑟𝑠 =
𝑠 + ҧ𝑠

2 ҧ𝑑

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


But, forward particle production 
is poorly constrained

• Neutrinos from charm 

• Relevant for neutrino telescopes 

FASER𝜈: 𝜂>8.8

prompt atmospheric 
neutrinos

by F. Kling

IceCube Collaboration, 
Astrophys. J. 833 (2016)
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Cosmic-ray tracks at the experimental site (TI12 tunnel).
Rate of such tracks is 1 every 2 minutes.

Silicon strip detectors (SCTs)



Forward Physics Facility at the HL-LHC
HL-LHC provides x20 proton collisions

Extending sensitivities for new particle searches and neutrino 
physics by two orders of magnitude

Wide discussions in periodical workshops indico.cern.ch/event/1022352

CERN GIS

FASER2

FASER𝜈2
SND2 LArMilliQan

65m

Option 1: 
Extend existing tunnel

Option 2:
New shaft 
and hall

https://indico.cern.ch/event/1022352
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ℬ 𝐵 → 𝜇𝜈𝜇𝐷

Possible contribution from new physics in heavy flavors!?



SM NP𝑏
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350 GeV    Tevatron (US)Past

Current 10 GeV           T2K (Japan)
20 GeV          DUNE (US)

Future 150 GeV        SHiP (CERN)

FASER𝜈
Up to 6 TeV    (𝜈𝑒 , 𝜈𝜇, 𝜈𝜏)

Neutrino energy

Unexplored energy range



BDSim result for TI12, Lefebvre ICHEP2020
Muon energy (at 409m from IP, pilot run)
Simulated by CERN-STI group with FLUKA



Particles from 
ATLAS IP

Particles from the 
LHC beamline

Normalized flux 
(tracks/fb-1/cm2)

TI18 (2.6 ± 0.7) × 104

TI12 (3.0 ± 0.3) × 104

TI18

TI12

ATLAS IP

Emulsion detector can work at the 
actual environment! 
(up to ~106/cm2 ≃ 30 fb-1 of data)

TI18

TI12



particles from the 
LHC beamline

Angular distributions of beam backgrounds

emulsion films, 0.3 mm
tungsten plates, 0.5 mm

Close up to the main peak

Projection X

particles from 
ATLAS IP

beam detector 
structure

Data and the FLUKA 
prediction agrees within 
their uncertainties.

(uncertainty 50%)

3 mrad

Flux all
[fb/cm2]

Flux in main peak
[fb/cm2]

TI18 data 2.6 ± 0.7 × 104 1.2 ± 0.4 × 104

TI18 pilot 1.7 ± 0.1 × 104

TI12 data 3.0 ± 0.3 × 104 1.9 ± 0.2 × 104

FLUKA MC 2.5 × 104

𝜎 = 0.6 𝑚𝑟𝑎𝑑

After 100 m of rock, it 
scatters only 0.6 mrad.
→ ~700 GeV

2 peak structure



≃ 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

Aiming to demonstrate the feasibility of 
detection of collider neutrinos

30 kg detector 

10 cm



11 kg

Separation from neutral hadron BG (produced by 
muons) is challenging

2.7 sigma 

• This result demonstrates the detection of neutrinos 
from the LHC

Vertex detection efficiency

arXiv:2105.06197

https://arxiv.org/abs/2105.06197


Side view Beam view

arXiv:2105.06197

https://arxiv.org/abs/2105.06197


Interface tracker veto

FASER𝜈
Emulsion/tungsten

FASER
Decay volume & trackers

Dark Photon ALPs



All charged particles P>0.3 GeV

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



Vertex detection efficiency
(charged multiplicity>=5)

Tau decay detection efficiency 
=75% (𝜏 → 1 prong)

Mean flight 
length ≃ 30 mm



𝑠

𝑥 𝑥

𝑦0

𝑦1

𝑦2
particle trajectory

Performance with position resolution of 
0.4 μm, in 100 tungsten plates (MC)

Measurable energy vs 
position resolution



• Sum of visible energy (model 
independent) already gives a 
reasonable resolution

• ANN can solve problem at high 
energy and gives about 30% 
resolution at relevant energy 
range.

…

inputs for ANN, simulated by GENIE (MC truth) 

(smeared)

Angular info Momentum



• Neutrino spectra at unexplored energy range

see backup p18, 19

• Complementarity between FASER𝜈 (on axis) and SND (off axis) 

Projected precision of FASER𝜈measurement 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

F. Kling, arXiv:2105.08270

FASER𝜈

SND@LHC

20 cm

Beam center

Expected CC event statistics

https://arxiv.org/abs/2105.08270


Production rate per muon (Ehad>10 GeV)

𝜇 𝜇

neutral 
hadrons

detector
rock

arXiv:2105.06197

https://arxiv.org/abs/2105.06197


F. Kling, Forward Neutrino 
Fluxes at the LHC, 
arXiv:2105.08270

https://arxiv.org/abs/2105.08270





