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The SeaQuest experiment

Fermilab Accelerator Complex

The experiment can look for:

1. Prompt dark sector particles
2. Displaced dark sector particles
decaying into muons

St-4 muon ID

KMag |st-2 tracking St-3 tracking

St-1 tracking

~ 5% main
injector 1 ir' vewspoerd[[ |
120 GeV L]
beam ? L, . e . e : 2 = = N | | 1
0 Dump ‘»Decay 10 15 20 25
volume

S.Gori



SeaQuest in a nutshell
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FMAG Sweeps 92
away soft SM

radiation
(Apr ~ 2.9 GeV)

KMAG separating
even very forward muons
( APT ~ 0.4 GeV)
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1. Compact geometry

-

Sensitivity to (slightly)
displaced dark particles
with d > 5m

|dentification of very light
dark particles/squeezed spectra
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Key feature of high energy p-beams:

huge production of dark particles
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Key feature of high energy p-beams
huge production of dark particles
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Visible decays of dark particles

Dark sector particles can generically decay to SM particles,
producing visible signatures in our detectors

“portal
interactions”

el?“”zl;y
k| H|*S|?

yHLN

1 ~
f—F,“,F,,,,,a

S.Gori



Visible decays of dark particles

Dark sector particles can generically decay to SM particles,
producing visible signatures in our detectors

if the dark particle is
the lightest particle p v A ] !
of the dark sector: " B pv

Ues only (Solid) and Uy only (Dashed)
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DarkQuest upgrade

The SeaQuest experiment can be upgraded with the goal
of capturing a large set of visible signatures (beyond 2 muons)

S.Gori



DarkQuest upgrade

The SeaQuest experiment can be upgraded with the goal
of capturing a large set of visible signatures (beyond 2 muons)
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* Additional possible upgrades:
LongQuest (Tsai, deNiverville, Liu, 1908.07525) iti?ﬂ(’f)r
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We are preparing a Snowmass’21 white paper (N.Tran et al.)

Please contact us if you are interested in joining! (sgori@ucsc.edu, ntran@fnal.gov)
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High geometric acceptance...
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...thanks to
the relatively
compact geometry



Reach on dark photon models

Minimal model: pp = A’ — ete-
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Reach on dark photon models

Example of a non-minimal model:
pp = A" = X1 X2 = ete- X1 X1

As realized e.g. in models of:

® |nelastic Dark Matter
= Strongly interacting Dark Matter

S.Gori



Reach on dark photon models

Example of a non-minimal model:
pp = A" = X1 X2 = ete- X1 X1

As realized e.g. in models of:

® |nelastic Dark Matter 9- and 3-body decays, m./fr = 3

= Strongly interacting Dark Matter 10~ s
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Beyond dark photon...

Many additional dark particles can be tested
up to O(GeV) masses.
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Beyond dark photon...

Many additional dark particles can be tested
up to O(GeV) masses. A few examples:

Axion-like-particles
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Sterile neutrinos

Batell, Evans, SG, Rai, to appear




Interesting classes of Dark Matter models
at the GeV scale are still hidden to our experiments

Fermilab can cover a crucial role in the search
for GeV-scale dark sectors utilizing the high energy,
120 GeV, proton beam.

A “SeaQuest-like” spectrometer experiment can
test a large set of visible signatures.

— = DarkQuest: a very interesting opportunity to probe
= long-lived visible dark particles.
High acceptance due to the compact geometry
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Comparison with other proposed exp.
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