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FASER is an experiment placed 480m from the ATLAS
|.P. designed to search for weakly-interacting long-lived
particles (LLPs) produced in pp collisions

Equipped with trackers and an EM calorimeter to
identify SM particles from LLP decay
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Proposed upgrade, FASERZ2, would operate during the Sl
HL-LHC era and would feature a larger decay volume
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Inelastic Dipole Dark Matter

Inelastic DM features a suppressed direct detection rate due to an off-diagonal coupling between y .
and the SM. Cosmologically stable y, has kinetic energies of ~10 eV:
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Starting with a neutral x,,x, @ minimal coupling to the SM can achieved by constructing a 3-point vertex

to the SM photon through a dipole operator:

Ward Identity forbids vector vector coupling to photon
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This effective operator can arise from UV theories, e.g. composite DM or theories with extra U(1),

charged particles

Can extend this to a tower of neutral states, e.g. dynamical dark matter

o Features cascade decays down the tower over a range of lifetimes


https://arxiv.org/abs/hep-ph/0101138
https://arxiv.org/pdf/hep-ph/9310290.pdf
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https://arxiv.org/abs/1809.11021

Inelastic Dipole Dark Matter at FASER: Production

e In this model y,is the DM which couples directly with the SM photon
1 - _uv )
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e x pairs are produced predominantly at the LHC from rare meson decays. (7T07 n,1) = YX1Xo0

o In contrast to the dark photon scenario, y production from vector meson decay dominates over pseudoscalar
decay due to a mass? enhancement

(p7 W, ¢) — X1X_0
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e Main sources of background are weak-interactions
of neutrinos in the EM calorimeter and muon
interactions

o Both backgrounds can be reduced with
modest event cuts



https://arxiv.org/abs/2203.05090
https://arxiv.org/pdf/2001.06042.pdf

Inelastic Dipole Dark Matter at FASER: Decay

e Provides the interesting signature in FASER of a single photon from x, decay which can be detected in
FASER’s calorimeter

o  This signature has been studied e.g. in ALP Light Shining through Wall investigations at FASER and radiative neutralino
decays

e Decay width:
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e Can write the decay length:
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Signal Reach at FASER
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Signal Reach at FASER
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Freezeout

e Relic abundance of y,can be achieved via freeze-out through s-channel coannihilation or t-channel
annihilation to SM states
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e Forlarge mass splittings, primordial y, abundance is Boltzmann suppressed and the t-channel

becomes the dominant mode for x, depletion.

e Dependence of of t-channel on g* demands larger couplings for correct relic abundance and is
already ruled out by existing constraints


https://arxiv.org/pdf/1508.03050.pdf

Relic contours for different delta
Contours are over/under-abundance of DM. (i.e. 1— correct relic abundance)
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Existing Constraints and
Benchmarks
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2 photon + missing energy signature

e  nuc -> e- nuc x, x,
400m decay length
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meson decay -> y, x,
80m decay length

e- nuc -> e- nuc y, x,
30m decay length

e Belle-ll
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With dedicated monophoton trigger, can probe
similar parameter space



Existing Constraints and
Benchmarks
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FASER?2 ESE
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Proposed FASER2 Upgrade:

e ~300x decay volume compared to FASER

FASER: A=15m, R=10cm,

FASER2: A=5m, R=1m,

e Would operate during the HL-LHC era:
o 20X Luminosity FASER2

HL-LHC, 3000 fb~?, FASER2: A ="2"" = 0.050

PRELIMLINARY
e Part of the proposed Forward Physics

Facility (FPF)
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Conclusion

FASER can search for the decay of weakly-interacting long-lived
particles and is currently taking data for Run3 at the LHC

Dipole interaction is the most minimal model choice we can make

to couple 2 neutral fermions to SM

x pairs can be produced in the forward direction in large numbers

at the LHC through vector meson decay

FASER and its proposed upgrade at the forward physics facility
can cover the unprobed sub-GeV thermal target

LD

o  Thermal target moves to lower couplings with larger A, until A~1% —

s-channel dominates and Boltzmann suppression is negligible
o  New parameter space will start to be probed with just 1.5 fb"

Leading existing constraints come from E141, nu-Cal, E137 and

Babar

o  Belle-ll can cover comparable parameter space
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Scattering rates, comparing electric and magnetic operators
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