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The Fermilab SeaQuest Experiment
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Displaced Electrons
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Displaced Electrons
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(5-6) m «—>  tracking in St. 1-3 + bending in KMAG
—> accurate momentum and pointing

(5-9) m < >» ECAL = degraded momentum and pointing
larger (5-12) m < > + smaller KMAG kick
backgrounds —> low-energy signals and background
Kr - 715efv (7 ~ 10 meters)

Might be relevant for larger decay regions.
A few extra meters of iron reduces this by several orders
of magnitude
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Proton vs. Electron Beams

Proton Electron

e nuclear collision length I n / e radiation length
~ 10 cm whom ~ 1 cm

e QCD reactions Qs > Qlem e EM reactions

dark Higgs, axion,
ey + I+t

leptophilic scalar v

e Main Injector (FNAL), 100 GeV > 1 GeV « LCLS (SLAC),
SPS and LHC (CERN) CEBAF (JLab)




SeaQuest vs. Others

Eheam Pmin POT Zmin Zmax Zmin/ Ebeam

SeaQuest || 120 GeV | 10 GeV | 10®* —10%° | 5m | 10m | 4 cm / GeV
NAG2 400 GeV - 1018 100 m | 250 m | 25 cm / GeV
SHiP 400 GeV | 100 GeV 1029 65m | 125m | 16 cm / GeV
FASER || 6500 GeV | 1 TeV | 101 —10'7 | 390m | 400 m | 6 cm / GeV
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Dark Photons at SeaQuest

ma < 100 MeV &= ma S 1 GeV

+ Drell-Yan at higher masses



Dark Photons at SeaQuest
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Dark Photons at SeaQuest
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Dark Photons at SeaQuest
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Axion-like Particles
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Consider a few extra meters of iron to counter degradation
in pointing and momentum measurements



Axion-like Particles
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SeaQuest LHC Run 3
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Timeline Summary

SeaQuest LHC Run 3

LHCb, NA62 (dump),
SHiP (5 yrs = 102° POT)?,

1016 POT: pf 1018 POT: u*, e*(?) FASER?, ...
Spring 2017 / 2019-2020 2021-2023 2024
ECAL installation? BCHG—H ( 50 ab—l)

Reminder to register for:

‘ KITP 2026, Dark Matter Detection and Detectability: Shift Again?

| KITP 2026, QCD Axion Dark Matter: KSVZ or DFSZ? |
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Secondary Production

Leptophilic Higgs
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Inelastic Dark Matter at SeaQuest
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SIMPs

102 2- and 3-body decays, m,/fr = 3 (ma / mx = 3)
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proton Bremsstrahlung is more energetic and forward
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Dark Photons at SeaQuest
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Inelastic Dark Matter

L Diep A:L X177 X2 — off-diagonal (inelastic) coupling
mo — TN
A= - <1 = small mass-splitting
A> 2~ 10-6 N suppressed rates at
~ bM direct detection experiments

arXiv:hep-ph /0101138



~ GeV

Prevent
Xl Xl s A, A,
(CMB)

Inelastic Dark Matter

Mass Spectrum

A <1



Inelastic Dark Matter
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Inelastic Dark Matter
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Inelastic Dark Matter
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Inelastic Dark Matter
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Leptophilic Higgs
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SIMPs

(vector mesons are long-lived)
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Magnetic Focusing of Muons
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