
Neutrinos at LHC with FASERν and SND@LHC
10th Edition of the Large Hadron Collider Physics Conference

The FASER neutrino program is supported by
Heising-Simons Foundation, Simons Foundation, ERC, and JSPS

KAKENHI.

C. Betancourt
on behalf of the FASER and
SND@LHC collaborations

Universität Zürich
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Motivation

I Measurement of the pp → ν + X cross-section for all ν flavors in the TeV range

I CERN is unique in providing energetic ν and to search in this unexplored domain

I Two complementary experiments to study neutrinos at the LHC: FASERν and
SND@LHC

I Neutrinos produced in the forward direction at the LHC originate from the decay
of hadrons, mainly pions, kaons, and charm particles. FASERν and SND@LHC
measurements provide novel input to validate/improve generators
→ First data on forward charm, hyperon, kaon

MOTIVATION
1HXWULQR�SK\VLFV�DW�WKH�/+&
� .ODXV�:LQWHU��������REVHUYLQJ�WDX�QHXWULQRV�DW�WKH�/+&
� $��'H�5�MXOD��(��)HUQDQGH]�DQG�-��-��*zPH]�&DGHQDV���������1HXWULQR�IOX[HV DW /+&
� )��9DQQXFFL��������QHXWULQR�SK\VLFV�DW�WKH�/+&
� KWWS���DU[LY�RUJ�DEV������������ $SULO���WK�������)LUVW�SDSHU�RQ�IHDVLELOLW\�RI�VWXG\LQJ�QHXWULQRV�DW�/+&�

PRL 122 (2019) 041101 

CERN is unique in providing energetic ૅ (from LHC) 
and measure pp Æ ૅX in an unexplored domain 
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[N Beni et al 2019 J. Phys. G: Nucl. Part. Phys. 46 115008]
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FASERν: First neutrino interaction candidates at the LHC

2018 Pilot run

I Analyzed target mass of 11 kg and
luminosity of 12.2 fb−1

I 18 neutral vertices were selected
- By applying N of charged
particles ≥ 5, etc.
- Expected signal 3.3+1.7

−0.9 events,
BG 11.0 events

I Note: no lepton ID in the pilot
detector → high BG

I In the BDT analysis, an excess of
neutrino signal is observed.
Statistical significance 2.7 σ from
null hypothesis

I This result demonstrates detection
of neutrinos at the LHC

[Phys. Rev. D 104, L091101]
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Location of TI12 and TI18
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The SND@LHC Detector

I Off-axis location → 7.2 < η < 8.4

I Veto, SciFi Tracker and Muon system
- select neutrino interactions
- Identify muons
- Reconstruct of EM/hadron showers and measure
neutrino energy

I Emulsion Cloud Chambers
- Identify ν interaction vertex and secondary vertices
- Match event with electronic detectors
- Complement e.m. energy measurement
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The FASERν Detector

I Emulsion/tungsten detector, interface silicon tracker, and veto station will be
placed in front of the FASER main detector

I Allow to distinguish all flavor of neutrino interactions
- Muon identification by their track length in the detector (8λ)
- Muon charge identification with hybrid configuration → distinguish νµ and ν̄µ
- Neutrino energy measurement with ANN by combining topological and
kinematical variables

6 / 18



FASERν and SND@LHC for QCD studies

I Neutrinos produced in the forward
direction at the LHC originate from
the decay of hadrons, mainly pions,
kaons, and charm particles

I FASERν and SND@LHC
measurements provide novel input to
validate/improve generators
→ First data on forward charm,
hyperon, kaon

I Neutrinos from charm decay could
allow to
- test transition to small-x
factorization, see effects of gluon
saturation, constrain low-x gluon
PDF, probe intrinsic charm
- Relevant for neutrino telescopes
(such as IceCube) for understanding
the prompt neutrino production
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SND@LHC main physics goals

I Study production of different neutrinos flavors
at TeV energies

I QCD with neutrinos: Charmed hadron yield

I νe/ντ , νe/νµ ratio for LFU test

I Search for feebly interacting particles
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FASERν main physics goals

I Study production of different neutrinos flavors
at TeV energies

I NC measurements could constrain neutrino
non-standard interactions (NSI)

I Neutrino CC interaction with charm
production (νs → lc)
- Study the strange quark content.
- Probe inconsistency between the predictions
and the LHC data

[Eur. Phys. J. C77 (2017) 367]

I Neutrino CC interaction with beauty
production
- Has never been detected

FASERߥ physics potential: 
high-energy neutrino interactions

� Primary goal: cross section measurements of different flavors 
at TeV energies 
± where no such measurements currently exist.

� NC measurements
± could constrain neutrino non-standard interactions (NSI).

� Neutrino CC interaction with charm production (ݏߥମ݈ܿ)
± Study the strange quark content.
± Probe inconsistency between the predictions and the LHC data

[Eur. Phys. J. C77 (2017) 367].
� Neutrino CC interaction with beauty production

± Has never been detected.

Eur. Phys. J. C77 (2017) 367

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
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Expected neutrino rate in Run 3
7

FIG. 3. Neutrino Energy Distribution: The panels show the neutrino energy spectrum for electron (top), muon (center) and
tau (bottom) neutrinos passing through FASER⌫ (left) and SND@LHC (right) for LHC Run 3 with an integrated luminosity
of 150 fb�1. The vertical axis shows the number of neutrinos per energy bin that go through the detector’s cross sectional area
for an integrated luminosity of 150 fb�1. We separate the di↵erent production modes: pion decays (red), kaon decays (orange),
hyperon decays (magenta), charm decays (blue) and secondary hadronic showers (green). The di↵erent line styles correspond
to predictions obtained from SIBYLL 2.3d (solid), DPMJET III.2017.1 (short dashed), EPOSLHC (long dashed), QGSJET II-04

(dotted), and Pythia 8.2 using the SoftQCD processes (dot-dashed) and Pythia 8.2 with the HardQCD process for charm
production (double-dot-dashed).

nos. This is presented in Fig. 5. The upper panels show the distribution of neutrinos as a function of pseudora-

[F. Kling, Phys. Rev. D 104, 113008, arXiv:2105.08270]

I Expected neutrino flux at 150 fb−1

→ More than 200 fb−1 expected during Run 3

10

Generators FASER⌫ SND@LHC

light hadrons heavy hadrons ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧ ⌫e + ⌫̄e ⌫µ + ⌫̄µ ⌫⌧ + ⌫̄⌧

SIBYLL SIBYLL 901 4783 14.7 134 790 7.6

DPMJET DPMJET 3457 7088 97 395 1034 18.6

EPOSLHC Pythia8 (Hard) 1513 5905 34.2 267 1123 11.5

QGSJET Pythia8 (Soft) 970 5351 16.1 185 1015 7.2

Combination (all) 1710+1746
�809 5782+1306

�998 40.5+56.6
�25.8 245+149

�111 991+132
�200 11.3+7.3

�4.0

Combination (w/o DPMJET) 1128+385
�227 5346+558

�563 21.6+12.5
�6.9 195+71

�61 976+146
�185 8.8+2.7

�1.5

TABLE I. Expected number of charged current neutrino interaction events occurring in FASER⌫ and SND@LHC during
LHC Run 3 with 150 fb�1 integrated luminosity. Here we assume a target mass of 1.2 tons for FASER⌫ and 800 kg for
SND@LHC; further details on the experimental setup are provided in Sec. III A. We provide predictions for SIBYLL 2.3d,
DPMJET III.2017.1, EPOSLHC/Pythia 8.2 with HardQCD, and QGSJET II-04/Pythia 8.2 with SoftQCD. The two bottom rows
provide a combined average, both including and excluding the DPMJET prediction, where the uncertainties correspond to the
range of predictions obtained from di↵erent MC generators.

FIG. 6. Interacting Neutrino Energy Distribution: The panels show the number of charged current neutrino interactions
with the FASER⌫ (left) and SND@LHC (right) detectors during LHC Run 3 with 150 fb�1 integrated luminosity as function
of the neutrino energy. Here we assume a target mass of 1.2 tons for FASER⌫ and 800 kg for SND@LHC; further details on the
experimental setup are provided in Sec. III A. The red solid, blue dashed and green dotted lines correspond to electron, muon
and tau neutrinos, respectively. The thick line denotes to the average prediction of di↵erent generators, while the shaded band
corresponds to the range of predictions obtained with di↵erent generators.

dominates.

We note that there are a variety of other uncertainties
on the expected number of neutrino interactions, which
are not included in this study. As already mention be-
fore, this includes the modeling of the secondary neutrino
flux component. While it was found to be sub-leading
for higher energies neutrinos in the far-forward direction,
it is expected to become more important at lower en-
ergies. In addition, there are also uncertainties associ-
ated with neutrino interactions, for example associated
with nuclear PDFs (including showing, anti-shadowing
and the EMC e↵ect), the hard scattering cross section,
and final state hadronic e↵ect (including parton shower,
hadronization, response of the nuclear medium on the

developing shower, final state interactions). Dedicated
studies are needed, and in part already ongoing [50], to
understand, quantify and reduce the associated uncer-
tainties.

B. Crossing Angles

To avoid parasitic collisions in the beam pipe away
from the IP, the LHC’s proton beams have a small beam
crossing angle when they collide. So far, we have assumed
a beam configuration at the ATLAS IP similar to the
end of LHC Run 2 with a beam half-crossing angle of
about 150 µrad vertically upwards. To distribute the
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FASERν: Preparation for Run 3
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FASERν: Preparation for Run 3 in TI12

12 / 18



SND@LHC: Detector assembly
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SND@LHC: Installation in TI18
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SND@LHC: First beam splashes

I First splash events from ATLAS and ALICE
recorded!
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The new FPF facility: FASERν2 and AdvSND

I The Forward Physics Facility (FPF) for the HL-LHC is a proposed facility that
could house a suite of experiments to greatly enhance the LHC’s physics
potential for BSM physics searches, neutrino physics and QCD
- The background muon rate may be able to be reduced with a sweeper magnet
(studies ongoing)

I FASERν2 designed to carry out precision ντ measurements and heavy flavour
physics studies
- ∼2300 (SIBYLL) / ∼ 20000 (DPMJET) ντ interactions are expected

I AdvSND with two off-axis forward detectors
- SND1: η ∼ 8 Reduce systematic uncertainties
- SND2: η ∼ 4.5 link to LHCb measurements & high-energy neutrino physics
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Summary

I The LHC provides a unique possibility to measure neutrino
production at the TeV scale

I SND@LHC and FASERν cover a unique physics program
covering Run 3 of the LHC to study all 3 neutrino flavors

I Both detectors currently taking data! The neutrino era at the
LHC has begun!

I Future projects (FPF) at the HL-LHC are under discussion
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