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One Slide of Motivation.

The LHC produces an intense and strongly collimated beam
of highly energetic particles in the forward direction.
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Experimental Program



Now: FASER and SND@LHC.

Two new experiments just started their operation in Run 3 of the LHC:
SND@LHC and FASER.

- [ATLAS [l

o

FASERv will come

ey
ISER spectrometer
S With 0.55T magnets




Near Future: FPF.

FASER and SND@LHC are highly constrained by 1980’s infrastructure that was
never intended to support experiments

The proposal: create a dedicated
Forward Physics Facility (FPF)
for the HL-LHC.



Forward Physics Facility.

The FPF would house a suite of experiments that will greatly enhance the LHC'’s
physics potential for BSI\V physics searches, neutrino physics and QCD.

FASER2 FASERV2
magnetized spectrometer emulsion-based plastic scintillator array
for BSM searches neutrino detector for BSM searches

FORMOSA

\ T 1
A ¥ vy

>p

stairs B D Gt s FASER\ lac FASERv2/AdvND FORMOSA i % “
k\ \ g
— ,
Wi 7
ol \ o 2 i
- o
b
e P )

(TSR

Sunp
v 4 i :
o w 1 =\ Y
@ | i o |
q 3 g | E= Line of Sight
L EF /.
E A
n g
“f ) 2 A
LA 8 © 1.2 4 1.2 o) .6 ROEEN

lac S‘ZI / l«p  Ep
B M View - Cavern 7
1:100
AdvSND FLArE
electronic LAr based

neutrino detector neutrino detector



Forward Physics Facility.

4th Forward Physics Facility Meeting

FPF workshop series: T "
FPF1, EPE2, FPF3, FPF4

Call for Abstracts Starts 31 Jan 2022, 16:00 There are no materials yet. 2
Ends 1 Feb 2022, 21:00

Timetable

Contribution List

The Forward Physics Facility (FPF) project is moving forward!
My Conference

L My o Atthe ath Forward Physics Facility Meeting we will discuss the facility, experiments, and physics goals of the

proposed FPF at the HL-LHC. The meeting takes place just before the completion of the FPF Snowmass White
F P F P a e r - Book of Abstracts Paper and will provide an opportunity to summarize the current status of the White Paper and the final steps in its
" preparation. The whole event will be held online.
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The Forward Physics Facility (FPF) is a proposal to create a
infrastructure to support a suite of fur-forward experiuents at || . .
during the High Luminosity era. Located aloug the beam collis The Forward Physics Facility
the interaction point by at least 100 m of conerete and rock, the |

that will detect particles outside the acceptance of the existing I at the High-Luminosity LHC
will observe rare and exotic processes in an extremely Iow-backg1
work. we summarize the current status of plans for the FPF, ir
civil enginecring in identifying promising sites for the FPF; the |
envisioned to realize: the FPI's physics potential; and the many
physics topics that will be advanced by the FPF, including seare
probes of dark matler and durk scctors, high-stabistics studies of |

engy collisons . the High-Luminosity Large Hadron Collder (LHC) produce a large
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! this report, we review the status of the civil engincering plans and the experiments to explore
—\ the diverso physics signals that can be wniquely probed in the forsard region. FPF cxperiments
will be sensitive to a broad range of BSM physics through searches for new particle
s wit

docay siguatures and deviations from standard model cxpectations in high statistics

TeV ueutrinos in this low-background enviroument. High statistics neutrino detection wil trace
back to fundamental topics in perturbative and non-perturbative QCD and i weak interactions
Experiments at the FPF will enable synergies between forward partiele production at the LHC and
astroparticle physics to be exploited. We report here on these physics topics, on infrastructure.
detector and simulation studies, and on future directions to realize the FPF's physics potential



https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090

Far Future: FPF@QFCC.

Similar experiments should also be considered for future colliders such the FCC-hh.

Dedicated facility can be included from the beginning.
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Physics Potential.
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BSM Physics Searches



Searches for BSM Physics.

dark sector searches

FASERvV2

“.«.:‘j_":.forward."F"’hys__[cs Facility

production oscillation self-interactio

BSM neutrino physics



Long-Lived Particle Searches.
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[ Dark Photon = gauge boson mixing with photon: £ ~ _§mA'2AI2 —ceqr fA'f ]
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Long-Lived Particle Searches.
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Long-Lived Particle Searches.

[ Dark Higgs = light scalar mixing with SM Higgs: £ D my2¢? +sin0yroff ]

Dark Higgs

( .
B—Kp : mainly produced
i/t | inBandK decays
[ flavour ] W

1073

constraints

10749,

Mixing 6

LHCb

L,

[ FASER sensitivity ]

10—5_

SN1987

. MATHUSLA

FASER2

10-1 100
Dark Higgs Mass my [GeV]



Long-Lived Particle Searches.
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Dark Higgs
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Long-Lived Particle Searches.

Dark Photons DarkHiggs with BR(H-¢¢$)=5%
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FIG. 3. Sensitivity reach lines obtained for the FASER 2 detector to take data during the HL-LHC era (red solid line) and for
similar detectors operating at the future hadron colliders: HE-LHC (orange) and FCC-hh/SppC (purple). The details of the
assumed detector design are given in Table II. The reach plots are shown for the dark photon model in a (m 4, €) plane (left)
and for the dark Higgs boson model in a (mg,6) plane (right). In both cases, current bounds on the model parameter space
are shown with gray-shaded regions (see the text for details).

[Kling, Trojanowski: 2105.07077]


https://arxiv.org/abs/2105.07077

Long-Lived Particle Searches.

dark photon
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For details on many
more models see
1811.12522 and
2203.05090.



https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/2203.05090

SM Physics Measurements



Neutrinos at Colliders.

NUTRINO AND MION FISICS IN THE COLLIDER MIDE OF RUTRS ACCELERATOSS ")

There is a huge flux of neutrinos in the forward
direction, mainly from 1, K and D meson decays.
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First neutrino interaction candidates were reporied.
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Neutrinos at Colliders

FASER Pilot Detector

suitcase-size, 4 weeks
$0 (recycled parts)

6 neutrino candidates

all previous collider detectors
building-size, decades ~$1B
0 neutrino candidates



Neutrinos at Colliders.
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Neutrinos at Colliders.

Colliders provides a strongly collimated beam of Te\/ energy neutrinos of

v, interacting spectrum, ®xE/GeV (a.u.)
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all three flavours in the far forward direction.
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Neutrinos Physics

LHC provides a strongly collimated beam of Te\/ energy neutrinos of
all three flavours in the far forward direction.
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(including 10s of tau neutrinos)

Proposed FPF experiment have potential to detect O(1M) neutrinos.

(including thousands of tau neutrinos)
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Neutrinos Interacting with Detector [1/bin]

Neutrinos Physics

neutrino flux estimating using fast simulation and geometry from 2007.12058
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bigger target masses of up to kton could be possible (NuTeV was 0.7kton)
— 30M tau neutrinos



https://arxiv.org/abs/2007.12058

QCD.
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FPF @ Future Colliders.

PDF via v-scattering: x ~ 1/Ev
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Astroparticle Physics.

forward charm production at the LHC

!

constraints on prompt atmospheric
neutrino flux at lceCube

KASCADE. IceCube. TUNKA Pierre Auger, Telescope Array
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cosmic ray muon puzzle:
observed excess of muons compared to hadronic
interaction models

forward pion/kaons fluxes will provide
crucial input

Based on Kampert & Unger, Astropart. Phys. 35 (2012) 660



Searches for BSM Physics.

dark sector searches

FASERvV2

“.«.:‘j_":.forward."F"’hys__[cs Facility

production oscillation self-interactio

BSM neutrino physics



Summary.

FASER and SND@LHC will soon start to
take data in LHC’s forward direction.

sterile
neutrinos

The FPF is proposed to continue this
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Similar experiments should
also be considered when
designing future colliders!




