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Forward Physics at the LHC
The p-p collisions occurring at the LHC interaction points produce a large number
of hadrons along the beam direction. The majority of these particles disappear
down the beam pipe and are undetected.
The decays of these particles (in particular pions, kaons, hyperons, and charmed
hadrons) lead to an intense and strongly collimated beam of highly energetic
neutrinos of all three flavors in the far-forward region along the beam collision axis.
Far-forward region remain largely unexplored at the LHC.

p-p collision at ATLAS
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First Neutrino Interaction Candidates at the LHC
In 2018, the FASERν collaboration placed a ~30 kg pilot emulsion detector in TI18 for a few weeks.
They observed first ever neutrino interaction candidate events at the LHC. Marking the beginning of a
new era of neutrino measurements at the LHC forward region.
FASER collaboration: arXiv:2105.06197 [hep-ex]

Slide by Jonathan Feng
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Experiments during LHC Run 3
During the upcoming LHC Run 3, from 2022-24, two detectors will begin operating in the farforward region of the ATLAS interaction point.
These detectors are located ~ 500 m from the ATLAS interaction point on the beam collision
axis and shielded from by ~100 m of concrete and rock.
They will detect ~10,000 neutrinos, and will sensitively probe new regions of parameter space in
many BSM models that predict new light, weakly-interacting particles.

F. Kling
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Forward Physics Facility Proposal
The FPF is a proposal to extend this program into the High Luminosity LHC (HL-LHC) era, expected
from 2027-37. The FPF would house a suite of experiments that will greatly enhance the LHC’s
physics potential for BSM physics searches, neutrino physics and QCD.
Two preferred FPF sites, located along the beam collision axis and shielded from the interaction point
by at least 100 m of concrete and rock, currently under consideration.

F. Kling
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Forward Physics Facility Proposal
The FPF is a proposal to extend this program into the High Luminosity LHC (HL-LHC) era, expected
from 2027-37. The FPF would house a suite of experiments that will greatly enhance the LHC’s
physics potential for BSM physics searches, neutrino physics and QCD.
Two preferred FPF sites, located along the beam collision axis and shielded from the interaction point
by at least 100 m of concrete and rock, currently under consideration.

A general layout plan of the purpose-built facility option

F. Kling
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FPF Progress and Plans
Dedicated FPF workshops:
- FPF Kickoff Meeting, November 2020:
https://indico.cern.ch/event/955956/
- FPF2 Meeting, May 2021:
https://indico.cern.ch/event/1022352/
- FPF3 Meeting, October 2021:
https://indico.cern.ch/event/1076733
- Upcoming FPF4 workshop
Jan 31 - Feb 1 2022
https://indico.cern.ch/event/1110746/

We have completed a first short paper:
arXiv:2109.10905 [hep-ph]:
“The Forward Physics Facility: Sites,
Experiments, and Physics Potential”
A significant effort by ~80 authors distilling key
progress on the FPF so far.
We are now preparing a Snowmass FPF White
Paper, a ~200 page document to be submitted
to Snowmass in February-March 2022.
Get in touch:

arXiv:2109.10905 [hep-ph]

Neutrino Conveners: M. H. Reno, K. Kelly, V. Pandey
Lead Editors: J. Feng, F. Kling, M. H. Reno, J. Rojo, D. Soldin
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Neutrino Fluxes
The neutrinos at the FPF originate from weak
decay of forward-going hadrons, in particular
pions, kaons, hyperons, and charmed hadrons.
Energy spectrum of neutrinos passing through
a 1 m x 1 m cross-sectional area, correspond
to the FLArE detector, evaluated using two
different event generators.
There are sizable uncertainties associated with
the predictions of the neutrino fluxes.
Neutrinos energy distributions peaks between
100 GeV - few TeV energies.
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Neutrino Interaction Cross Section
Large statistics of neutrino events, of all neutrino flavors, off different nuclear targets (e.g.
tungsten, argon) expected during HL-LHC era.
The numbers of CC and NC DIS neutrino interactions in the detectors estimated using the
fluxes from Sibyll 2.3d and DPMJET 3.2017.
Large differences between the predictions for the event rate of these two event generators
are mainly related to the modeling of the charm component.
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Neutrino Interaction Cross Section
DIS cross section:

•

The majority of neutrino interaction events can be described by DIS. DIS neutrino interaction cross
sections have been measured by beam dump experiments at low energies Eν < 350 GeV and by IceCube
at high energies, Eν > 6.3 TeV, for muon neutrinos.

•

Large statistics at completely unexplored energy region.

•

QCD physics: nuclear parton distributions, higher-order QCD corrections, …

- FASERν at the Run-3 LHC
- FASERν2 at the HL-LHC
- Statistical uncertainty only

The first cross section measurements will be performed by the FASERν and SND@LHC detectors during Run
3 of the LHC. These cross section measurements will be further improved by the FPF neutrino detectors
FLArE, FASERν2, and AdvSND in the HL-LHC phase with significantly larger event statistics for all three
neutrino flavors.
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Neutrino Interaction Cross Section
SIS/DIS cross section:

• Expected events for CC scattering in FLArE-10 during HL-LHC
exposure.

• Phase space covers 1000s of expected events in the SIS/DIS
transition region.

QE/RES cross section:

• Significant expected events in the QE & RES region.

at FLArE

S.Trojanowski

Test of lepton universality:

• Intense beam of neutrinos of all three flavors allows unique opportunity to test lepton universality in neutrino
scattering.

The first cross section measurements will be performed by the FASERν and SND@LHC detectors during Run
3 of the LHC. These cross section measurements will be further improved by the FPF neutrino detectors
FLArE, FASERν2, and AdvSND in the HL-LHC phase with significantly larger event statistics for all three
neutrino flavors.
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Neutrino Interaction Cross Section: Generators
1 TeV νμ CC events on W

Hadron Multiplicity

•

Preliminary predictions from different neutrino generators (more detail in the Neutrino Monte-Carlo
Generators session at FPF3 Meeting in Oct 2021 https://indico.cern.ch/event/1076733).
A more details comparison is being performed for the FPF white paper.
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Neutrino Interaction Cross Section: Generators
Avalanche Effect

•

From the GiBUU part of the FPF white paper:
All baryon multiplicity: Without FSI, the distribution peaks at multiplicity = 1 with a tail up to about 3 - 4.
With FSI, the multiplicity distribution peak height is decreased by about a factor of
5 and a long tail reaching up to about 25 develops.
A consequence of the so-called ‘avalanche effect’ in which initial nucleons collide
with others on the way out of the target.
Pion multiplicities: Show a much less effect of FSI. The initial pion multiplicity distribution hardly changes.

GiBUU
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13/15

BSM Neutrino Physics: Examples
FPF neutrino measurements will also have the potential to discover or constrain BSM neutrino physics,
such as sterile neutrino oscillations, neutrino dipole moments, non-standard interactions, etc.
Examples from: arXiv:2109.10905 [hep-ph]

•

Oscillation to sterile neutrinos:
- Given that the baseline is L ~ 600 m and the neutrino
energies are typically Eν ~ few 100 GeV, the sterile neutrino
masses in the sensitivity range of the FPF will be of the order
of tens of eV (∆m241 ∼ 1000 eV2).
- Constraints on the mixing parameter of a sterile neutrino that
can be probed by FASERν at LHC Run 3 and by FLArE-10 at
the HL-LHC with at 95% CL.

•

P. Denton

Neutrino Magnetic Moments:
- Constraints on neutrino magnetic moments by looking at
nutau-electron scattering.
- The grey shaded regions are current constraints from
terrestrial experiments, and the black dashed lines are
projected sensitivities.
- Projected exclusion bounds at 90% CL at FASERν2,
FLArE-10, and FLArE-100 for the tau neutrino’s magnetic
moment.

R. M. Abraham
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Summary and Outlook
The physics potential of the far-forward region at the LHC is being explored now.
FASER and SND@LHC will soon start to perform searches for new particles and
neutrino measurements in the far-forward region of the LHC during Run 3.
We propose a Forward Physics Facility to continue this program with improved detectors
during the HL-LHC era.
It will open up many new opportunities of BSM physics searches, neutrino physics and
QCD, and will significantly extend the LHC’s physics program.
Ideas and contributions to further strengthen the FPF potential more than welcome!
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