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The Fermilab SeaQuest Experiment

+Z Om 5m 6m 9m 12 m 18.5m
’ : . . : E
80/96$9$-./0$ ; L 19-)8
;0($ P L 30/%$: L STTS
: 1+/+2* $! 1+/+2%,$"$  1+/+2*,$43 1+/+2* $5%
120 GeV  nuclear target !(;fff/;&'$ '
proton 0% — @SSV il ([P | I =$
beam < _ H
Jentitnamnmll  EEUN DG 38 S
<€ "?23@% >



The Fermilab SeaQuest Experiment

+Z 0m 5m 6m 9m 12 m 18.5m
—_— . . , ) : :
80/%$93$-./0 | ; L 19-)8
50($ P 30/%$: o 6/77$
s 1+/+2* B 1++2*$"$  1+/+2%,$43 1+/+2* $5$
120 GeV  nuclear target !(;fff/;&'$ :
proton 0% — @SSV il ([P | I =$
beam < _
> > S el 0 EEUL 0 DG 3R S
<€ "2$@% ->

~5% of Main Injector:
Ebeam —~ 120 GeV



The Fermilab SeaQuest Experiment

+Z 0 m 5m 6m 9m 12 m 18.5m
80/9%6$95-./0$ | ; L 19-)8
;0($ P L 30/%$: L STTS
) : 1+/+2*$! 1+/+2%$"$  1+/+2*,$43 1+/+2* $5%
120 Gé A "#$%&'$ ' ;
0+3 5 :
protg 103 g L P I a
eal v : S
A I e I .. s
< "7$@% >

~5% of Main Injector:
Ebeam —~ 120 GeV



The Fermilab SeaQuest Experiment

+Z 0 m 5m 6m 9.m 12.m 18.5m
Y f;‘:rx T X E ; l l l ; / 1*
. 80/%$9$-./0$ : L)%
SM | £ -0($ P L 30/%$! o SITTS
n 1+/+2*’$| 1+/+2*;$"$ 1+/+2 ’$4 g 1+/+2*,$5$
120 Gg nuclear target ? !;fff/;&'$
%rot 10$ RN | 0 A7 e (N =$
ear :
A I ORI || G | R | SIS
= //‘l ________ l>$

"?5@% ->

~5% of Main Injector: FMAG:
Ebeam ~ 120 GeV 285 rad. lengths
"pT~2.9GeV



The Fermilab SeaQuest Experiment

+Z 0 m 5m 6m 9m 12 m 18.5m
V4 = Ny : ; l l | ; /-1*
. 80/96$9$-/0$ | i L)%
S M | + L0($ L | 30/%S! LA
n 1+/+2*’$| 1+/+2*;$"$ 1+/+2 ’$4 g 1+/+2*,$5$
120 Gg nuclear target ? !;fff/;&'$
protg AT 47 el A =3
eal
> O —— | — el | [ c$

"?5@% ->

~5% of Main Injector: FMAG: KMAG:

Ebeam ~ 120 Gev ~ 285rad.lengths vy g 4 Gev
" pr ~ 2.9 GeV



The Fermilab SeaQuest Experiment

+Z 0 m 5m 6m 9m 12 m 18.5m
V4 = Ny : ; l l | ; /-1*
. 80/96$9$-/0$ | i L)%
S M | + L0($ L | 30/%S! LA
n 1+/+2*’$| 1+/+2*;$"$ 1+/+2 ’$4 g 1+/+2*,$5$
120 Gg nuclear target ? !;fff/;&'$
protg AT 47 el A =3
eal
> O —— | — el | [ c$

< "2$@% ->
~5% of Main Injector: FMAG: KMAG: Trackin
Ebeam ~ 120 Gev ~ 285rad.lengths vy g 4 Gev g

" pr~2.9 GeV



The Fermilab SeaQuest Experiment

+Z 0Om 5m 6m 9m 12 m 18.5m
—_— : N . . :
Y = = N3 E E E i /1*
- 80/9%6$9%-/0 | | E 1))
SM | £ -0($ P L 30/%3! Lo BITTS
. 5 14/+2* $I 1+/+2%$"$  1+/+2*,$4% 1+/+2* $5%
\ "#$%&" é ;
120 Gg¢ nuclear target \ !)ff*/;&$ :
protgy 0% e GV 4777 e =%
bearg ' <s » H
dettormmmennll| | Bl B § o%

® 906
34°10% POT

B E866
A NA51
— MRS2

CTEQ4m
[ ] CTEQ6

< "2$@% >
~5% oféin Injector: FMAG: - KMAG: .
Ebeam ~ 120 Gy~ 2851ad.lengths vy, g 4 Gev fracking .,
" pr~2.9GeV L
¥ Designed to study SM Drell-Yan dimuons 175
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¥ Parasitic trigger: displaced dimuons @ > 5 meters 22
¥ 5 days of running in April 2017: 3! 10 16 pOT 0.7; !
¥ Approved for 2019 run: ~10 18 POT o
¥ Plans for installation of ECAL from Phenix experiment :
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Displaced Electrons
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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
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SeaQuest vs. Others

Ebeam Pmin POT Zmin Zmax Zmin /E peam

SeaQuest|| 120 GeV | 10 GeV | 10! 10°° | 5m | 10m | 4 cm/ GeV
NAG2 400 GeV - 10'8 100m | 250 m| 25 cm/ GeV
SHiP 400 GeV | 100 GeV 1070 65m | 125m | 16 cm/ GeV
FASER || 6500 GeV| 1 Tev | 10%! 10 {390 m | 400m| 6 cm/ GeV




Dark Photons
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Dark Photons at SeaQuest

mAd 1 GeV

masl 100 MeV &

+ 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
INn pointing and momentum measurements



Axion-like Particles
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Timeline Summary

SeaQuest LHC Run 3

LHCDb, NA62 (dump),
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Reminder to reqister for:

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

| KITP 2026, QCD Axion Dark Matter: KSVZ or DFSZ 2 |
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Secondary Production
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Minimal Dark Higgs
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Inelastic Dark Matter at SeaQuest
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SIMPs

and 3-body decaysm, /f | =3
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Dark Photons at SeaQuest
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proton Bremsstrahlung is more energetic and forward



Dark Photons at SeaQuest
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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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Inelastic Dark Matter
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Inelastic Dark Matter

(prompt) (displaced)
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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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