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• Search for LLPs in far-forward pp collisions

▪ Ideal for lighter (10-100 MeV) weakly-coupled particles


• Exploit huge rate in collimated beam

▪ Inelastic pp cross-section: ~0.1 barns, N ~ 1016 at Run3

▪ Very forward production: θ ~ Λqcd / E ~ mRad

▪ Decay length: ~100 m for m ~ 10-100 MeV, ϵ ~ 10-5


• Put small detector on line-of-sight collision axis

FASER Concept
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Light LLPs  
come out here!

Tech Proposal: https://cds.cern.ch/record/2651328 

https://cds.cern.ch/record/2651328
https://cds.cern.ch/record/2651328


25 May 2021

• Benchmark physics process: Dark Photons A’

• Produced via kinetic mixing from e.g. π0 decays 

• Detected in decay to e+e- in FASER decay volume

• Sensitive to other LLPs and decay modes as well

Dark Photons
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An example physics case: Dark Photon 
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103π0→γA' EPOS-LHC
mA'=100 MeV

ϵ=10-5

p
T,A' = Λ

QCD

θA'

480 m

• New massive gauge boson in a dark sector with dark matter candidate X

• Spin 1, couples weakly to SM particles through mixing with the photon

• For mA’=100 MeV, ! ~ 10-5 and E~TeV, can travel long distance before decay
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N.B.: FASER uses only lumi

information from ATLAS!

~ 5 m

Physics potential: Phys. Rev. D 99, 095011

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.095011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.095011
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FASER Location

4

480m downstream of IP1

including 10m concrete, 90m rock


Quiet background environment
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FASER Detector Concept

5

Incident  
Beam Charged  

Particle

Veto

Spectrometer
Calorimeter

Decay Volume

1.5m decay volume, 
  20 cm in diameter

2m spectrometer

  0.6T dipoles, Si µstrips

Scintillators for trigger/veto

EM calorimeter

A’
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FASER Installation in TI12

6

August 2018 - old LEP transfer line
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FASER Installation in TI12
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August 2019 - tunnel cleaned out
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FASER Installation in TI12
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April 2020 - civil engineering complete
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FASER Installation in TI12
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Nov. 2020 - infrastructure and magnets installed
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FASER Installation in TI12

10

Mar. 2020 - installation of detector components
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FASER Installation

11

March. 2020 - and cables!



25 May 2021

FASER Installation

12

April. 2020 - fully installed detector  
CERN safety sign-off
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• Instagram Tour with  
Michaela Queitsch-Maitland


• Official CERN photoshoot 
here and here

More Installation Media

13

• Time-lapse videos  
on CDS here

https://www.instagram.com/tv/CNDDqg9nlnP/?igshid=grwzumehqts3
https://cds.cern.ch/record/2756507
https://cds.cern.ch/record/2744976
https://www.instagram.com/tv/CNDDqg9nlnP/?igshid=grwzumehqts3
https://cds.cern.ch/record/2756507
https://cds.cern.ch/record/2744976
https://videos.cern.ch/record/2759548
https://videos.cern.ch/record/2759548
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•First cosmic run with full detector on March 23rd

•Have been running the system almost continuously since 

then to test remote operation and monitoring

Commissioning

14
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•10-15 Hz trigger rate requiring 2-scintillator coincidence

▪ Also 1 Hz rate of random triggers


•Very long runs (days) achieved with few problems

•Extended “High rate” tests (~600 Hz) also successful

Trigger Rates

15

Last Month

15 Hz
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•Tracks observed in single 
station (3 layers) 

▪ triggered by nearby scint.

▪ Rate about 1 every minute


•Double station hits seen 

▪ few times per day


•No 3-station tracks yet

▪ expected to be very rare

Cosmic Rays

16

Y vs. Z
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• Strip occupancy in tunnel matches measurements on surface

• Worst layer has 19 hot (>10% occ.) strips out of 3820

• Setting up automated hot strip finding and DQ/monitoring

Tracker Occupancy

17

6− 5− 4− 3− 2− 1− 0
(occupancy)

10
log

1

10

210

310

Strip occupancy - layer 0

3 hot (>0.1) strips
) strips-43 noisy (>5x10
) strips-63814 cold (<10

Strip occupancy - layer 0
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• Scintillators show MIP  
peak above noise


• Time resolution as expected 
from surface studies ~ 1 ns


• Can see expected 
correlations with track 
segment positions

Scintillator performance
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• Detector simulation well advanced

▪ Recently added cosmic generator

▪ FaserNu detector geometry included


• Reconstruction code development

▪ ACTS-based tracking code making progress

▪ Fast segment finder for cosmics also developed


• Automated production system

▪ Implementing light-weight job scheduling with Redis rq

▪ Submission of calibration jobs, reco, monitoring, streaming

Offline Development Work

19

IFT (FaserVersion = FASER-02) is fully working

Muon simulated through full detector
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• Standard Model produces copious amounts of weakly 
interacting, long-lived, light particles: neutrinos


• FASERν is 1.1m long, 1.1 ton tungsten-emulsion stack  
at front of FASER designed for ν detection 


• Goal to measure neutrino cross-section for all species  
in collider-energy range (100 GeV - few TeV)


• 4th tracking station to be added between FASERν and 
rest of FASER - measure muon charge (detect νµ vs νµ)

FASERν

20

Neutrino physics: EPJC 80, 61 (2020)

Tech. Proposal: CDS

https://link.springer.com/article/10.1140/epjc/s10052-020-7631-5
https://cds.cern.ch/record/2702868
https://link.springer.com/article/10.1140/epjc/s10052-020-7631-5
https://cds.cern.ch/record/2702868
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• Dry run of FASERν installation/removal on Apr. 29

▪ Empty box, full-weight test scheduled for Oct/Nov

▪ Some modifications needed to make this easier

▪ Stack will be swapped during each technical stop, 

must be efficient!

FASERν installation

21

FASERnu Installation Test
• FASERnu box transported to CERN from Bern on Tuesday
• Installation test on Wednesday morning
• Generally went smoothly

5

6

6
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• Emulsion and Timepix detectors exposed to 12 fb-1 in 2018

• Primary goal was to verify muon flux and backgrounds in 

TI12 & TI18 tunnels

• Secondary goal was to look for neutrinos…

FASERν Pilot run in 2018

22

30 kg Emulsion Detector in TI18

particles from IP1

particles 
from LHC 
beam line

Measured angle in 
emulsion detector

Rates in TI12
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FIG. 4. Monte Carlo simulation distributions of the BDT input variables for the neutrino signal and neutral hadron background.
The observed neutral vertices in the data sample are shown in black. The Monte Carlo simulation distributions are normalized
to 12.2 fb�1.
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FIG. 5. Monte Carlo simulation distributions of the BDT input variables for charged hadron interactions and muon interactions.
The observed charged vertices in the data sample are shown in black. The Monte Carlo simulation distributions are normalized
to the data to compare the shapes.

validate the modeling of the BDT input variables in sim-
ulated data. Fig. 5 shows that the BDT inputs for sim-
ulated charged hadron and muon interactions agree well
with the charged vertex data.

The BDT estimator values for data and simulated neu-
tral vertices are compared in Fig. 6. Here, the normalisa-
tion of the signal and background distributions is freely
fitted to data, resulting in the best fit values of 6.1 and
11.9 events, respectively. The vertices shown in Fig. 3
correspond to the first and second largest BDT values.
An excess of events over the background expectation is
observed at high BDT estimator. A hypothesis test us-
ing the RooStats tool implemented in the CERN ROOT
framework [40] is carried out on the binned BDT esti-
mator distribution. The background-only hypothesis is
disfavored with a statistical significance of 2.7�. The
expected significance with the signal expectation of 3.3
events is calculated to be 1.7�.

V. CONCLUSIONS AND OUTLOOK

A search for neutrino interactions is presented based
on a small emulsion detector installed at the LHC in
2018. We observe the first candidate vertices consistent
with neutrino interactions at the LHC. A 2.7� excess of
neutrino-like signal above muon-induced backgrounds is
measured. These results demonstrate FASER⌫’s ability
to detect neutrinos at the LHC and pave the way for
future collider neutrino experiments.

We are currently preparing for data taking in LHC
Run-3. With a deeper detector and lepton identifica-
tion capability, FASER⌫ will perform better than the pi-
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FIG. 6. The BDT outputs of the observed neutral ver-
tices, and the expected signal and background distributions
(stacked) fitted to data. Higher BDT output values are asso-
ciated with neutrino-like vertex features.

lot run detector. In addition, the FASER spectrometer
will measure the muon flux, reducing uncertainties on
background estimates. In the 2022–2024 run, we expect
to collect ⇠10,000 flavor-tagged charged-current neutrino
interactions.
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FIG. 3. Event displays of two of the
neutral vertices in the y–z projec-
tion longitudinal to the beam direc-
tion (left) and in the view transverse
to the beam direction (right).

TABLE II. E�ciencies for selecting interaction vertices for
the signal and background. The background e�ciencies are
estimated for interactions of neutral hadrons with energy
>10 GeV. The statistical uncertainties are below 0.001 for
all cases.

Signal Background
FTFP BERT QGSP BERT

⌫e 0.490 KL 0.017 0.015
⌫̄e 0.343 KS 0.037 0.031
⌫µ 0.377 n 0.011 0.012
⌫̄µ 0.266 n̄ 0.013 0.013
⌫⌧ 0.454 ⇤ 0.020 0.021
⌫̄⌧ 0.368 ⇤̄ 0.018 0.018

to the beam direction is required to be 5 or more, and
(2) the number of tracks with tan ✓ > 0.1 with respect to
the beam direction is required to be 4 or less. Vertices
are categorized as charged or neutral based on the pres-
ence or absence, respectively, of charged parent tracks.
A looser track selection is used for the charged parent
track search with a higher track detection e�ciency of
99.8+0.1

�0.3%. The estimated selection e�ciencies for neu-
trino signal and neutral hadron background vertices are
shown in Table II. Signal classification is not performed
in this analysis and interactions of all neutrino flavors are
combined in the data.

The fiducial volume is defined by removing 7 films up-
stream, 5 films downstream, and 5 mm from the sides
of the detector, corresponding to an 11 kg target mass.
Within this volume, 18 neutral vertices passed the vertex
selection criteria. Fig. 3 shows two selected neutral ver-
tices in lead, with 11 and 9 associated charged particles,
respectively.

The expected number of neutrino signal vertices after
all selections is 3.3+1.7

�0.9, dominated by muon neutrino in-
teractions. The uncertainty reflects only the range of pre-
dictions obtained from di↵erent Monte Carlo simulations.
The expected numbers of neutral hadron background ver-
tices are 11.0 (FTFP BERT) and 10.1 (QGSP BERT).
Since the di↵erence of the two physics lists is not signifi-
cant, FTFP BERT is used in the following analysis.

To validate the interaction features for the multivari-
ate analysis described later, charged vertices (vertices
with charged parent tracks attached), which simulation
studies show also originate from muons, were analyzed.
Although our muon flux measurement is close to the
FLUKA prediction, no estimate of the uncertainty of the
muon energy spectrum is available. The expected num-
ber of charged vertices satisfying the selection criteria is
115.4 (40.4 charged hadron interactions and 75.0 muon
interactions), compared to the 78 charged vertices ob-
served in the data.

Since the pilot detector lacked the ability to identify
muons, which could allow a clean separation of neutrino
charged-current and neutral hadron vertices, we intro-
duced the following multivariate approach as a much less
powerful, but necessary, alternative. A multivariate dis-
criminant, based on a boosted decision tree (BDT) algo-
rithm, has been developed to distinguish neutrino signal
from neutral hadron background in the neutral vertex
sample. The BDT was implemented using the Toolkit for
Multivariate Data Analysis [39] and trained with Monte
Carlo events passing the vertex selection criteria. To de-
fine input variables for the BDT analysis, we selected
high-energy interactions and checked the momentum bal-
ance of particles in the transverse plane. Using track an-
gles with respect to the collision axis (✓), the following
variables were defined: (1) the number of tracks with
tan ✓  0.1 with respect to the beam direction, (2) the
number of tracks with 0.1 < tan ✓  0.3 with respect
to the beam direction, (3) the absolute value of the vec-
tor sum of transverse angles calculated considering all the
tracks as unit vectors in the plane transverse to the beam
direction (asum), (4) for each track in the event, we calcu-
late the mean azimuthal angle between that track and all
others, in the plane transverse to the beam direction, and
then take the maximum value in the event (�mean), (5)
for each track in the event, we calculate the ratio of the
number of tracks with azimuthal opening angle  90�

and > 90� in the plane transverse to the beam direc-
tion, and then take the maximum value in the event (r).
The expected distributions of the input variables for the
neutrino signal and for the neutral hadron background,
compared with the data, are shown in Fig. 4.

The charged vertices mentioned above can be used to

• Neutrino analysis from Pilot run available

• “First neutrino interaction candidates at the LHC” 

submitted to journal: https://arxiv.org/abs/2105.06197

• 11kg fiducial mass target, 12.2 fb-1 of exposure

• BDT selection based on 5 neutral vertex attributes

• Observe 6 signal events (2.7σ excess) over  

µ-induced neutral hadron background (mostly n and K) 
consistent with expected neutrino rate of 3.3+1.7

−0.9

First FASER neutrino result
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The FASER Collaboration has ~70 members from  
19 institutes in 9 countries

http://faser.web.cern.ch/

http://faser.web.cern.ch/
http://faser.web.cern.ch/
http://faser.web.cern.ch/
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• FASER has been installed in the LHC tunnel


• Initial commissioning in tunnel has gone smoothly 

• Work on offline reconstruction, dataflow, calibration, 
alignment, etc. ongoing


• First physics result from neutrino pilot run submitted 
for publication

Conclusions
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Looking forward to first LHC collisions of Run3!


