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Motivation

“High energy collisions at the High-Luminosity Large Hadron
Collider (LHC) produce a large number of particles along the beam
collision axis, outside of the acceptance of existing LHC
experiments.”
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FASER will be located in the unused LHC service tunnel TI12, which is 480m
downstream of the proton-proton interaction point (IP) used by the ATLAS experiment.
The fluxes of most high-energy standard model background particles at this position

are suppressed to negligible levels, with the only exceptions being the most
penetrating known particles, namely muons and neutrinos. The FASER detector will be
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are identified by their track length in the
detector. Since the detector has a total nuclear
interaction length of 10.1A.,, all the hadrons from

the neutrino interactions will interact, except for

hadrons created in the far downstream part of the
detector.

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates
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FASER2: a magnetic spectrometer and
tracker, will search for light and weakly-
interacting states, including long-lived
particles, new force carriers, axion-like
particles, light neutralinos, and dark sector
particles.

FASERv2: Upgraded version of FASERv

AdvSND: Upgraded version of SND@LHC

~FORMOSA: a detector composed
of scintillating bars, will provide
world-leading sensitivity to
millicharged particles and other
very weakly-interacting particles
across a large range of masses.

Source: arXiv:2109.10905, 2203.

FLARE: a proposed 10-tonne-scale

Forward Physics Facility, a proposed new cavern for the High-Luminosity era. noble liquid detector, will detect
neutrinos and also search for light

The FPF will be 65 m-long and 8.5 m-wide dark matter.
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Schematic diagram of the proposed FASER?2 detector. The design shown has a cylindrical decay volume with 2 m
diameter and 10 m length. The total length 1s approximately 22 m,



Schematic illustration of the most important signatures in the FPF searches for BSM physics.
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Scattering of DM in the neutrino detectors FLArE, FASERv2 and AdvSND@LHC detectors; ii) non-standard

energy deposition of mCPs characterized in the FORMOSA and FLArE detectors; iii) and helical tracks in quirk
models at FASER2; and iv) decays of long-lived particles to be studied in FASER2.




BSM Search at FASERL



Non-standard neutrino and Z' interactions at the

FASERvV and the LHC

K. Cheung, C. J. Ouseph and T. Wang, JHEP12(2021), 209 do0i:10.1007JHEP12(2021)209[arXiv:2111.08375 [hep-phl]]
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Non-standard neutrino Interactions @ FASERL
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Effects of Z' on the monojet production @ LHC
pp > 2L +]—->uvw+]j

We follow closely the experimental cuts outlined in the ATLAS paper in order to directly use their
upper limits on the monojet production cross sections. ATLAS paper results was based on the
monOiet search at 13 TeV with an integrated IuminOSity Of 139 fb=1 (rhys. rev. 103 (2021) 112006 arxiv:2102.10872)
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Complementarity of FASERL with LHC Monojet Results
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Sensitivities on dark photon from the Forward
Physics Experiments

K Cheung, C.J. Ouseph Journal of High Energy Physics 2022 (10), 1-21
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Dark Photon Models

The allowed interactions of the dark photon with the SM particles depend on the theoretical
framework. There are two main approaches to the way to couple the dark photon sector with the SM.
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The U(1)5_; Model
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Neutrino Electron Scattering

Neutrino interactions are purely leptonic processes with robust SM predictions. Hence, searching
physics beyond the SM in neutrino-electron scattering turns out to be a good alternative to collider

searches.
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Contributions of the new light vector boson to the neutrino-electron scattering processes.
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Event Rate
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The sensitivity of FPF detectors to DarkPhoton
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Lepto Quark Search at the Forward Physics
Facility(FPF)

Kingman Cheung, C.J. Ouseph, Thong T.Q. Nguyen [In prepration]
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The Vector Leptoquark Model

The Iso-singlet vector Leptoquark U(1), with quantum number (3, 1, 2/3)

g 17 —
Ly, = U [Uf (6£QLVM ﬁ R%L ) T h.(:.],

V2

(a) Neutral Current (b) Charged Current
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Leptoquark Production at the FPF

The expected number of Neutrino events at FASER., FASER.2, FLArE(10 tons),
and FLArE(100 tons) Neutrino Detectors.

LQ can Enhance both the CC and NC event rates
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The sensitivity of FPF detectors to the vector LQ
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Sensitivity reach on the coupling to each Neutrino Flavor
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The sensitivity curves for overall coupling
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Constraining the Active-to-Heavy-Neutrino Z' transitional
magnetic dipole moment at FASERvV

arXiv:2205.11077 (K. Cheung, C. J. Ouseph)
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Active-to-Heavy Neutrino Z' Transitional Magnetic Moment Interactions
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Recasting transtional Magnetic moment ;/, to transtional Magnetic type moment @,

The bound of 1, comes from NOMAD and LEP, ;1 ,y1, < 1.5 X 107 pp,
Hy, <5%x1077 -1.4x%x107" pg for My = 1 — 10 GeV, where 1y is theBohr magneton.

CUUGNUWV Z/ — //ty NUWVF

we assume the square of momentum transfer in the photon propagator is about (1GeV)2.

Mz (GeV) Wy, Wy, Wy,
0.1 410 x 10 %up 139 x 107 "up 1.39 x 10~ up
1 8.12x 10 %up 276 x 10~ "ug  2.76 x 10~ "up

10 410 x 107 "up  1.39 x 10 %up 1.39 x 10 °up

arXiv:2205.11077
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Heavy Neutrino events at FASERL
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FASERL Sensitivity towards Transition Magnetic Moment Type Interactions
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Background Study

Background for the decay of N into a pair of
charged leptons. Such a final state in the
SM can be produced by the process

vg — vu" 1~ q, which is similar to the trident
production in literature

It is essentially background free.
Besides this trident background, there
are also other reducible background

1) Charged Leptone from ATLAS IP or From Hadron
2) Single lepton Production
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Bench Mark Model 1
Heavy Neutrino Only coupled to Lﬂ Doublet
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Bench Mark Model 2
Heavy Neutrino Only coupled to L, Doublet
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Bench Mark Model 3
Heavy Neutrino Only coupled to L. Doublet
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We Explore the discovery potential of FASERUV for the
new physics Interactions

sterile
neutrinos

axion-like

lepton
particles P

dark universality

photons VvV non-
k RERISE neutrmos
quirks "™, interactions

millicharged  neutralinos neutrino
particles MCs

Physics abounds in the forward region of the LHC. Many
detectors have been proposed in the forward region, such
as FASER2, FASERv2, AdVSND@LHC, FLArE(10 tons, 100
tons), and FORMOSA. Our goal is to study different NP
interactions using these proposed detectors.

nuclear
PDFs

dark
sectors

DM myafo’ ysics MGoily v
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scattering . ™
lasti intrinsic low-x
'"° as o charm '\ PDFs

forward
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production

inflaton prompt
DM  atmospheric

detection puzzie

FASER?r and SND@LHC just started to take data in LHC’s forward direction

The FPF is proposed to continue this program during the HL LHC era

Source: arXiv:2109.10905v1




