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Outline

® Dark Sector:
* What? Why? How?

® DarkQuest:
“** Proton fixed-target experiment based on SpinQuest
% How to use DarkQuest to probe dark sectors:
= Spectrometer upgrades

= Simulation studies on calorimeter, tracking, triggering, ParticlelD

= Acceptance & Sensitivity
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Thermal Dark Matter
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® Direct detection:
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® Direct detection:
WIMP, from galactic

halo. 1073 * ¢ speed ® typically underground, e.g.,

Q PANDA-X, LUX/LZ,
| SuperCDMS,

! WIMP
Target Nucleus S :
in laboratory Catterlngs
Or
A Er~30 keVr

WIMP

® |ndirect detection:

Leyun Gao Jin Wang

® typically in the sky:

DAMPE, AMS, FermilLAT
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Light Dark Matter

Dark Matter Mass Scale
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‘V\/}Mpi No discovery yet.

®* What next!?
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Light Dark Matter

Dark Matter Mass Scale
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Light Dark Matter

Dark Matter Mass Scale
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® Light dark matter requires light mediators -> Dark Sector  gm DM
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Dark (Hidden) Sector

dark
quarks?

L3 dark
forces?

® Vector Portal: dark photons

® Higgs Portal: dark scalar
dark

®* Neutrino Portal: heavy neutral leptons leptons?

® Axion Portal: Axion-like particles

® Dark Sectors can connect to SM sectors via some new couplings.

® Can probe the dark sector by looking at the dark mediators and their decay products: missing
E/p/m, displaced lepton/hadrons, etc
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How to Probe Dark Sector

Dark Mediator Mass
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Probe Dark Sector with Accelerators

e S

® Beam from accelerator: electron/muon/proton/
neutrino beam 2
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Probe Dark Sector with Accelerators

e/ulplul.. e/ulplul..

"w Dark .
mediator

® Look for final states with bumps/
displaced signals/missing E/p/m

% ATLAS/CMS/LHCDb, Belle, BES?
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Probe Dark Sector with Accelerators

§ Experimental
e/ulplul.. elulplul.. Target Facilit
e I . elulplul.. * 4
| e
Y Dark mediator
"w Dark f
mediator
® Analyze the dark mediator decay products:
® Look for final states with bumps/ bumps/displaced signals/missing E/p/m
displaced signals/missing E/p/m §  NA64 @ CERN, LDMX @ SLAG,
2> ATLAS/CMS/LHCb, Belle, BES? DarkQuest @ Fermilab

** Usually low background, better sensitivity at
low mass region
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Example: Dark Photon Production with Proton fixed-target

Meson decays to A’

Proton bremsstrahlung to A’

Drell-Yan process
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Dark Photon Phase Space
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Dark Photon Phase Space
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Fermilab Accelerator Complex

Experiments

High-Energy
Neutrino

Experiments

Fixed-Target
Experiments,
Test Beam

Facliity

Muon 7 .

lon Source Experiments

120GeV Proton Beam

® |20 GeV high-intensity proton beam from
the Fermilab Accelerator Complex

“ Expect 10'® Protons on target (POT) in a 2-
year parasitic run

“* 10%° PQT for longer term runs
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120GeV Proton Beam

Fermilab Accelerator Complex

® LHC I3TeV run: ~150 fb~! of data,
inelastic scattering o ~ 80 mb. This brings

to about 10'® “protons on target”

I
' ok f ® |20 GeV high-intensity proton beam from
broasos S o the Fermilab Accelerator Complex

Experiments,
Test Beam
! Facliity

“* Expect 10'® Protons on target (POT) in a 2-
year parasitic run

“* 10%° POT for longer term runs
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DarkQuest Spectrometer

_ ® DarkQuest spectrometer:
«m]  DarkQuest Spectrometer: Top view (Bend plane) (i}
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Broad Sensitivity Coverage

Visibly Decaying Dark Photon
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® Broad coverage to different theory
models,

“* Different portals: scalar, vector, neutrino,
axion-like, etc, by probing lepton/hadrons

* Arxiv.1804.00661, Arxiv.2008.08108,
Arxiv.1801.05805
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Collaboration

A strong team assembled of both experimentalists and
theorists:
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DarkQuest: A dark sector upgrade to SpinQuest at
the 120 GeV Fermilab Main Injector
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Summary

® Dark sector and light dark matter is an interesting yet not constrained region to explore

® DarkQuest offers a low-cost and near-term opportunity to uncover a broad range of MeV-GeV dark
sectors

® Planned timeline: SpinQuest run (~2022) and aim to start dark sector exploration in 2023-2024!

® A lot of electronics design, simulation, and reconstruction studies ongoing

qaLsi
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Dark (Hidden) Sector

Dark Mediator Mass
| B ——— N
m, 2mx
X DM

* For mediator mass > 2m,, can probe
dark mediator decaying to dark matter

A’

) ® Look for missing momentum/energy/
X DM mass

SM ® Can probe the channel of dark mediator decaying to SM particles for the

whole phase space
A’ % Vector Portal: F**A, A’ — lepton pairs...
_ ® Scalar Portal: ¢hh' + ¢*hh': ¢ — lepton/hadron pairs..
SM “* Neutrino Portal: ALN: N — lepton + hadrons..

“* Axion Portal: a( 5;,,6’“’ + F, F"): a — photon/hadron pairs




