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Intensity frontier BSM searches

Light, weakly interacting particles

Weak couplings — large luminosities required
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- Beam dump experiments (proton, electron)
« ~10-100’s GeV energies of beam
« huge number of collisions on target
. ‘“zero background”

. FASER(2) at LHC — use “wasted” forward ForwArd Search

ExpeRiment, 1708.09389
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Sub-GeV LLPs coupled to a photon

Massive spin-2 mediator decays into two photons
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PBC benchmark 9
photon-coupled ALP

ga}/}/ ~ 7 FASER's Physics Reach for Long-Lived Particles, 1811.12522
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LLP signatures

determined by yield and lifetime

Coupling
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Similar dependence for many models:
i) dark photon, ii) dark Higgs, iii) ALP, ...
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d $10 m - invisible decays/missing energy
10 m $d <10 km — displaced decays
d 2 10 km — astrophysics/cosmology
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ALP decays at beam dumps

L. L,.. Linax = Lin = A L frds L,
g)decay = EXp | — p —&Xp\ — d — d d

eXp(—Liyin/d) : ford < L,;,, — d is exponentially sensitive to L ;,

Distance to the decay vessel L, ;. determines the scale of LLP decay length d, which can be probed.

ALP: d = cty ~ 100 m x (100 MeV/m,)?> x (107/g)?
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Displaced vertex — essentially zero background search
events §x solid angle X decay inside detector
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Good detector is:
big - large radius r and decay length A
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close to production point - small L, ;,
placed in the forward direction of the production point

FASER's Physics Reach for Long-Lived Particles, 1811.12522
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ALP decays at beam dumps
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Good detector is:
big - large radius r and decay length A
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ALP decays at beam dumps
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ForwArd Search ExpeRiment

Feng, Gallon, Kling, Trojanowski, 1708.09389

FA_SER - start lth LH N Letter of Intent for FASER: ForwArd Search ExpeRiment
start w
1 at the LHC, 1811.10243; Technical Proposal for FASER:
(2022—2024), g — 150 fb ForwArd Search ExpeRiment at the LHC, 1812.09139
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LLP signatures at FASER/FPF

Detector
« LLP signal inside the decay vessel — ete™, yy, and y+ X y
. E,. > 100 GeV ' _
vy, eTe” search: negligible background due to high energies of LLP’S = g N
« ¥ search:

KJ, S. Trojanowski, 2011.04751; The FASER W-Si High Precision Preshower Technical Proposal, CERN-LHCC-2022-006
- neutrino-induced BG minimized by preshower put in front of the calorimeter

- BG from muon-induced photons vetoed by scintillators detecting a time-coincident muon

going through the detector — excess of single-photon events unaccompanied by any muon
indicative of new physics
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LLP signatures at FASER/FPF

Detector
« LLP signal inside the decay vessel — ete™, yy, and y+ X y
. E,. > 100 GeV ' _
vy, eTe” search: negligible background due to high energies of LLP’S = g N
« ¥ search:

KJ, S. Trojanowski, 2011.04751; The FASER W-Si High Precision Preshower Technical Proposal, CERN-LHCC-2022-006
- neutrino-induced BG minimized by preshower put in front of the calorimeter

- BG from muon-induced photons vetoed by scintillators detecting a time-coincident muon

going through the detector — excess of single-photon events unaccompanied by any muon
indicative of new physics

new-physics-induced neutrino scatterings oft electrons producing electron recoils inside the
neutrino detector.

R E’nergy and angula,r, cuts: Batell, Feng, Trojanowski, 2101.10338 (FLArE)

 Electron energy and angular cuts following the DM scattering signature

« The cuts have been designed to minimize the neutrino-induced BG to the level of
O(10) such expected events in FASER12 /FPF.

e Secondary LLP production

Interaction point Material in front Detector
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p—> LLF, LLP [ e+

Primary production Secondary production Decay
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First FASER results on LLPs

Kinetic Mixing €
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Also see presentations:
Carl Gwilliam, Moriond 23
Jaime Boyd. Light Dark World 23
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Inelastic DM with EM form factors

Photon as a mediator - heavier state y; decays into SM and the LSP y,

1 1
dim 5 - magnetic/electric dipole &£ D A_ X106 ol w T r y10" }/5 XoF . — decay: y; = xo
m

e
dim 6 - anapole/charge radius £ D —a, T xo o°F,, + b, v xo0"F,, — decay: y; — Yoete
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Inelastic DM with EM form factors

Photon as a mediator - heavier state y; decays into SM and the LSP y,

. dim 5 - magnetic/electric dipole

- dim 6 - anapole/charge radius
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Magnetic dipole iDM

Secondary production allows to cover the d ~ O(1) m regime. The low mass regime is also covered by
electron scatterings - sec. prod. is more efficient than e~ scattering thanks to the Z? enhancement.
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Anapole moment iDM
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Anapole moment iDM
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Neutralino-gravitino

Promote global SUSY to local symmetry — spin 3/2 partner of massless
graviton (called gravitino)
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5= [[dne | g = 5B

SUSY breaking by vet (Fqygy) of aux. field F in the Goldstone supermultiplet
O=q¢+ \/56’ y + F00. Goldstone fermion y (goldstino) — gravitino

Gravitino is the LSP, neutralino (bino) is NLSP and acts as a LLP,
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After SUSY breaking ms, ~ F gUSY/mPl. the goldstino becomes the longitudinal

component of the gravitino (super-Higgs mechanism) and the couplings
becomes enhanced by 1/m;, — y-G-7, coupling is o 1/4/Fgygy-

107°eV< mg <10eV

200 GeV < +F <200 TeV

Light gravitino - there is still allowed space within range
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Neutralino-gravitino at FASER

- Neutralino is NLSP,

gravitino is LSP 7, —» G
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Dark ALP at Forward Physics Facility
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Massive spin-2 mediator at FPF

1 103 - ———~
v A A [
*>g,G" | —n,F,F*+F,F, \\ \
4 N\
. gy e _ \ BaBar ’(inv.)_
—i ) 226" (Iy,D,l — n,,Iy, D’ B (i)
2 1074 el .
[ i :
aemgéyyz2 ) d 5 BaBar LDMX (inv.)
OyN-GN = 2 0g Va+1t,,. - R D W R oo memmemE “>-"NA64mu (inv.) |
e N
D) 10—5 .
g G O
————— =
Yy - \\
W N
> AN
10—6 AN 4
v '
\\
AY
\\
_ _ —— FPF FASER2 (E,, > 0.1 TeV) FLATE (Gy — 7, B, > 1 GeV)
N N . —— FPF FASER2 (E,+.- > 0.1 TeV) --- SHiP (E,, > 2 GeV)
10 —— FPF FASER2 (E,+,~ > 0.1 TeV) NA62 (E,, > 3 GeV) ]
. . 4 G 105 5 [ FPF FASERv2 (Gy — v, E, > 1 TeV) SeaQuest (£, > 3 GeV)
dG=crﬂyz1oomx<1000Gv><' e)( . ),100— ' S —
€ mg gny —
ete pwpT
4 g 1072
C 10~ — o
102 101 10°
4 mq |GeV] KJ, 2305.05710

21


https://arxiv.org/abs/2305.05710

Conclusions

FASER2/FPF will explore a range of models predicting sub-GeV long-lived
particles coupled to a photon by dim-5 or -6 operators.

FASER is a particularly suitable to cover a large part of available parameter
space for i) dark ALP portal, i) neutralino coupled to axino or gravitino,
i11) 1DM with EM form factors, and iv) massive spin-2 mediator.

Secondary LLP production via Primakofl-like upscattering of the LSP on tungsten
FASERv2, will allow to cover the d,;p ~ 1 m region of parameter space.

Monte Carlo simulation is implemented in an extended version of FORESEE.

O
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