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1. Introduction

FASER [1–4] is an experiment designed to detect long-lived, weakly interacting particles
produced in proton-proton collisions delivered by the LHC inside of ATLAS. Such long-lived,
weakly interacting particles can either be long-lived new particles discussed in a separate conference
contribution, or Standard Model neutrinos, discussed here in more detail.

The FASER detector is installed in the Tl12 transfer line tunnel previously connecting the SPS
and the LEP accelerators at CERN. Its located about 480 meters from IP1, the LHC interaction
point housing the ATLAS experiment. The detector is aligned with the collision axis line of sight
(LOS). FASER is composed of an emulsion detector, FASER𝜈 [5], consisting of 730 layers of
interleaved emulsion and tungsten layers, adding up to 8 interaction lengths of material. Infront
of this emulsion box towards IP1 are two scintillator planes, referred to as the FASER𝜈 (veto)
scintillator station. Following the dedicated neutrino detector emulsion films are the electronic
components of FASER. An interface tracker (IFT) and veto scintillator system located downstream
of FASER𝜈 preface the decay volume, surrounded by a 0.57 T permanent dipole magnet. Timing
scintillators after the decay volume are followed by two additional magnets, with three SCT tracking
stations in between. Furthermost downstream the detector is a pre-sower scintillator system as well
as four electromagnetic calorimeter modules. FASER has been taking data since July 2022 and
collected around 35 fb−1 at the time of this conference contribution. Studying neutrinos produced in
proton-proton collisions opens a window into exploring TeV energy neutrinos and probing forward-
hadron productions. These forward hadron productions provide input into QCD calculations and
simulations, mainly for light or charm hadron decays into neutrinos. FASER offers two ways of
measuring collider neutrinos, through the dedicated neutrino part, FASER𝜈 or with the electronic
components of FASER. Both methodologies and first results will be discussed in the following.

2. First collider neutrino observation with FASER’s electronic components

FASER’s first analysis of neutrinos produced in proton-proton collisions has been performed
using the electronic components of the FASER detector. This analysis presents the first observation
of collider neutrinos and is published as Ref. [6], based on data collected between July and
November 2022. The FASER𝜈 emulsion and tungsten films serve as 1.1 t target for muon neutrino
interactions. An event selection (illustrated in Fig. 1) requires a muon track crossing FASER with
a location extrapolated back to be within the veto scintillator systems volume. No activity in
the FASER𝜈 scintillator station, but increased activity in the IFT, from secondary particles in the
charged current neutrino interaction. The timing and pre-shower scintillator stations show signals
in the scintillator equivalent to a traversing muon.

Within the analysed dataset; a total of 𝑛𝑒𝑥𝑝𝜈 = 151 ± 41 muon neutrino events are expected.
Backgrounds that could lead to a similar detector signature include neutral hadrons interacting
in the FASER𝑛𝑢 material; potentially leading to muons from neutral hadron interactions entering
the electronic detector components. This background is estimated through simulation to make up
0.11 ± 0.06 events in the dataset and is significantly reduced through most neutral hadrons being
absorbed within the material. Muons from IP1 could pass the Veto𝜈 scintillator veto requirement
through an inefficiency of the Veto𝜈 scintillators or by entering FASER through a large angle,
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Figure 1: Signature of a muon neutrino interacting in the FASER𝜈 emulsion films with the produced muon
crossing the electronic components of FASER. [6]

geometrically missing the scintillators. The former background is negligible due to the very high
scintillator efficiencies. The later, large-angle muon background, was estimated in control regions
to be 0.08 ± 1.83. All events passing the signal region selections are entered into a likelihood,
classifying the events to be signal like or background like. This results in 𝑛𝜈 = 153+12

−13(tot) observed
neutrino events, leading to a signal significance of 16𝜎 over the expected background. Based on the
reconstructed muon track and its curvature in the FASER magnet, the charge and momentum of the
muon can be reconstructed. This in turn can be compared to simulations of neutrino interactions
and the consecutive expected muon momentum and charge. The observed events and their charge to
momentum ratio is compared to GENIE simulation in Fig. 2. Through the muon charge, neutrino and
anti-neutrino interactions can be distinguished, showing 40 anti-neutrino interactions as positively
charged muon tracks. Also shown in Fig. 2 are events in a muon momentum and radial extrapolated
position plane, highlighting the background events missing the veto scintillator stations through
large angles and not entering the signal region selections.

Figure 2: Visualisation of the signal region selections and measured momentum over charge ratio of the
signal region events observed in the electronic components of FASER in comparison to GENIE simulations
of neutrino interactions [6].

3. First collider electron neutrino measurements with FASER𝜈 emulsion films

Measurements of neutrino interactions with the electronic components of FASER are restricted
to muon neutrino interactions, whereas an analysis of the FASER𝜈 emulsion films can reconstruct
and distinguish electron, muon and tau neutrinos. Since the FASER𝜈 emulsion films are not within
a magnetic field, no separation of neutrinos and anti-neutrinos (through the leptons created in
charged current interactions) is possible. A first analysis of parts of the emulsion films installed
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between July 26th and September 13th 2022 with a total target mass of 128.6kg has led to the
first observation of electron neutrinos from a collider [7]. After the development and scanning of
the emulsion films in detail described in [7]; neural vertices in the emulsion are selected. These
neutral vertices should have no incoming track, boosted outgoing tracks with leptons well separated
from other tracks. Muon tracks are required to cross over 100 tungsten plates. The momentum of
outgoing muons is measured through multiple Coloumb scatterings in the emulsion films, whereas
the electron energy is measured through the segments associated with the electromagnetic shower.
Neutral vertices require a muon momentum of over 200 GeV and electron energy of over 200
GeV. Potential backgrounds emulating charged current neutrino events can happen through neutral
hadron interactions or neutral current events, both estimated through Monte Carlo simulation. An
overall background of 0.025 ± 0.015 from neutral hadrons mimicking electron neutrino interaction
vertices and 0.22 ± 0.09 from neutral hadrons or neutral current interactions mimicking muon
neutrino charged current vertices is expected within the analyses dataset. Four electron neutrino
events and eight muon neutrino events have been observed, leading to a significance of 5.2𝜎 and
5.7𝜎 respectively over the background expectation.

Figure 3: Observed electron and muon momentum connected with selected neutral vertices compared with
MC simulation of neutrino interactions [7]

Figure 4: Measurement of the electron and muon neutrino cross section with FASER𝜈 events. Also shown
are previous measurements from beam-dump experiments and astronomical neutrinos [7].

The kinematic properties of the observed events can be studied, such as the momentum
distribution of the outgoing electron or muon as shown in Fig. 3. This offers an indirect measurement
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of the incoming neutrino energy. With the observed neutrino interaction vertices, a measurement
of the electron and muon neutrino interaction cross section can be performed at unprecedented
energies. The measurement is performed separately for electron and muon neutrinos, using a single
energy bin containing 68% of reconstructed neutrinos. This reflects a range from 560–1740 GeV
for 𝜈𝑒 and 520–1760 GeV for 𝜈𝜇. The measured cross section is highlighted in Fig. 4.

Also displayed are previous measurements, constrained by the accelerator beam momentum
towards higher energies for electron and muon neutrinos. For muon neutrinos measurements of
neutrinos from astronomical origins are also shown. This highlights the unique energy range of
neutrinos FASER is able to probe.

4. Conclusion and Further prospects

This contribution has presented two latest observations of collider neutrinos by the FASER
experiment, among this a first cross section measurement of neutrinos from colliders. The results
presented here showcase the capabilities of the FASER detector to study collider neutrinos at
unprecedented energies and mark only the beginning of the exploration of collider neutrinos with
the FASER experiment. The analysed data leading to the two breakthrough observations described
only include the first year of data-taking with the electronic FASER detector components and only
a fraction of the recorded emulsion data.

Figure 5: Projection of the muon neutrino interaction cross section measurements and its anticipated
statistical uncertainty with the electronic components of FASER in 2022 and 2023 data; full Run-3 expected
luminosity and Run 3 and 4 combined projected luminosity [8].

Fig. 5 showcases the vast potential for neutrino cross section measurements still open for
FASER, here only considering the electronic detector component analysis. FASER has recently
been approved to operate during LHC Run-4, with projections of integrated Luminosity collected
with FASER reaching over 900 fb−1. This offers a multitude of possibilities for FASER to study
highly energetic, TeV-level neutrinos with increasing precision.
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