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FASER
F A S E R

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

FASER (new particle searches) was approved by CERN in Mar 2019
FASER𝝂 (neutrino program) was approved by CERN in Dec 2019

No experiment has s0ught 
neutrinos at the LHC so far!

https://indi.to/kDrq5
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• High energy frontier 

collider method

Production
14 TeV p-p collision ≡ 100 PeV int 

in fixed target ( 𝑠 ∼ 10TeV)

Prompt neutrino production 
Input for neutrino telescopes

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



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

FLUKA 2 × 104 (muons only)

TI18

TI12

ATLAS IP

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

TI18

TI12



200 μm
≃ 3 × 105 tracks/cm2

30 kg detector in TI18, 12.5 fb-1

2 x 2 mm2 data

𝜇 and 𝑒

neutrinos

Neutrino interaction candidate

demonstrate the feasibility of detection of collider neutrinos

30 kg
12.5 fb-1



12.3 kg

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

3 events 0.83 
expected background
• A few signal events expected

p-value = 0.051 

• This result demonstrates the detection of neutrinos 
from the LHC

𝜈,  𝜈 CC, NC

(area normalized)

neutral 
hadrons cut = 0.1

cut = 0.1

Data

Simulations

BDT response

3 events



𝜈

FASER spectrometer 
with 0.55T magnets

Interface silicon tracker 
and veto station FASER𝝂

• Emulsion + tungsten detector, on axis FASER magnetic spectrometer
1.2 ton 285𝑿𝟎 10 𝝀𝒊𝒏𝒕

• Emulsion film = high precision tracker 

• Lepton identification
• Muon charge identification distinguishing 𝝂𝝁 and  𝝂𝝁

𝚫𝑬/𝑬 ~30%

Emulsion/tungsten

lepton
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Lepton identification by topology and kinematics

lepton
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𝝂-induced charm & beauty production

Emulsion film Tungsten plate (1mm thick)



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

LOI
(FASER original)

FLUKA-based

(CERN STI)

Mean int.  
energy (LOI)

𝜈𝑒 ,  𝜈𝑒 814 , 456 2986 , 1261 830 GeV

𝜈𝜇 ,  𝜈𝜇 4452 , 1366 8437 , 2737 840 GeV

𝜈𝜏 ,  𝜈𝜏 15 , 7 110 , 55 970 GeV

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

Letter of Intent (LOI): EPOS-LHC, QGSJET, SIBYLL, Pythia8
FLUKA simulation: DPMJET
Work with BDSim in progress (Poster on 30th Thu by H. Lefebvre)

Thanks to CERN STI group for the FLUKA simulation

𝜈𝑒 from charm decays (SYBYLL, DPMJET, Pythia8)

• Neutrino fluxes are being cross-checked among different simulations

– Differences due to hadron generators and beamline infrastructure 
reproduction were identified. Updating the flux estimates

• 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)

https://indi.to/FN7fk


• Cross section measurements at TeV energy regime 

• Additional physics studies

𝝂𝒆 𝝂𝝁 𝝂𝝉

Possibility of probing tau neutrino production from 
the decay of light gauge bosons, 

arXiv:2005.03594

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

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



• TI12 area was cleaned up

• Civil engineering work for 
FASER/FASER𝜈 installation finished on 
schedule, just before the CERN shutdown

• Access to TI12 over the LHC machine is 
prepared

Trench to install the 
detectors

2019 March 2020

March 2020

Protection of the LHC beam pipe



• FASER𝝂 “Collider neutrinos”
• High energy frontier 

identified a good location 

• Detection of neutrinos was demonstrated 

• Data taking in Run 3 (2021-2024) 

https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
https://doi.org/10.1140/epjc/s10052-020-7631-5
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Kajomovitz (Technion), Felix Kling (SLAC), Umut Kose (CERN), Susanne Kuehn (CERN), Helena Lefebvre (Royal Holloway), Lorne Levinson (Weizmann), Ke Li 
(Washington), Jinfeng Liu (Tsinghua), Chiara Magliocca (Geneva), Josh McFayden (CERN), Sam Meehan (CERN), Dimitar Mladenov (CERN), Mitsuhiro 
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Pang (Tsinghua), Brian Petersen (CERN), Francesco Pietropaolo (CERN), Markus Prim (Bonn), Michaela Queitsch-Maitland (CERN), Filippo Resnati (CERN), 
Jakob Salfeld-Nebgen (CERN), Osamu Sato (Nagoya), Paola Scampoli (Bern), Kristof Schmieden (Mainz), Matthias Schott (Mainz), Anna Sfyrla (Geneva),
Savannah Shively (UC Irvine), Jordan Smolinsky (Florida), Yosuke Takubo (KEK), Ondrej Theiner (Geneva), Eric Torrence (Oregon), Sebastian Trojanowski 
(Sheffield), Serhan Tufanli (CERN), Benedikt Vormwald (CERN), Dengfeng Zhang (Tsinghua), Gang Zhang (Tsinghua)
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Cross-sectional view

Plastic base (≃ 200 m)

Emulsion layer 

Emulsion layer (≃50 m)

200 nm

Emulsion film

20 m

10 GeV/c 
beam

Sensitivity 36 grains/100 m

Residual from fitted track 
s = 50 nm

AgBr crystal = detector
1014 channels/film or 1014 channels/cm3



Emulsion-based neutrino detector

An event from OPERA



• Great progress in the readout speed 

Start 
year

Field of view 
(mm2)

Readout speed 
(cm2/h/layer)

S-UTS 2006 0.05 72

HTS-1 2015 25 4700

HTS-2 2021 50 25000

HTS paper: M. Yoshimoto, T. Nakano, R. Komatani, H. 
Kawahara, PTEP 10 (2017) 103H01.



• Measure charm 

• Search for Beauty 

 𝜈𝑁 → ℓ  𝐵𝑋

𝜈𝑁 → ℓ𝐵𝐷𝑋

ℓ = 𝑒, 𝜇



prompt neutrino

Synergy with IceCube.

IceCube



𝜈𝑒 disappearance 𝜈𝜇 disappearance



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



I/F tracker

Position and angular matching between 
FASER𝜈 and electronic detectors



Vacuum-packed module



New design by Roger Haenni

Pressor to give 
~6000 N

cover

Completely flat surface after 
tightening the pressor

Aluminum except for the front, 
back plates and the pressor.



• FASER𝝂 will be centered on the LOS (in the FASER 
trench) to maximizes flux of all neutrino flavors

• Working on the evaluation of the uncertainties and the 
possible improvements

– Creating a dedicated forward physics tune with Pythia8

– Studying the systematic uncertainties

LOI FLUKA

𝜈𝑒 ,  𝜈𝑒 908 , 479 2986, 1261

𝜈𝜇 ,  𝜈𝜇 18344, 8437 8437, 2737

𝜈𝜏,  𝜈𝜏 15, 7 110, 55

Expected number of CC interactions in Run3

Large uncertainty for the moment

FASER𝝂



0.83 BG events

BG source = photo-nuclear interactions of 
high energy muons, occurred upstream 
rock/concrete, that generate neutral 
hadrons


