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• Below the electroweak scale, new 

particles should be neutral (“dark”) 

under SM forces (EM, weak, strong)

• New physics connects to SM through 

finite list of “portal” operators, enabling 

systematic exploration

• Also of interest: axion portal, gauging 

SM global symmetries

Dark Sector Paradigm



• Minimal models provide a thermal relic 

explanation for sub-GeV DM that give the 

correct cosmological abundance and 

predict the DM can be produced and 

detected at accelerator-based facilities

• Representative model: vector portal 

kinetic mixing with 

• Thermal freeze out mechanism viable 

above some minimum SM coupling 𝜖

Dark Sector – Light Dark Matter (DM)



Mimicking Big Bang DM Production at Accelerators



Mimicking Big Bang DM Production at Accelerators



• Expected completion by the end of the decade

• Will provide among the highest-power ~GeV 
proton beams in the world

• Key high-level metrics 

• Capable of 2 mA @ 800 MeV (1.6 MW) 

• DUNE only uses 1.1% of this beam to achieve its 
physics goals 

• Proton beam is ~continuous wave

• Excellent opportunity for an accelerator-based 
dark sector program at Fermilab

PIP-II Linac Under Construction at Fermilab
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PIP-II 

proton 
usage



• PIP-II beam dump facility to host dark sector “agile projects”

• Focuses on 0.8-2 GeV proton beam dumps adjacent to PIP-II Linac

• Concept builds off a series of workshops laying out future physics 
opportunities in the PIP-II era, which also included proposals for 
experiments

• OSCURA: Skipper CCD, low threshold

• DAMSA: Very short baseline beam dump experiment

• PIP2-BD: 100t LAr Scintillator

• And other opportunities

Fermilab Facility for Dark Sector Discovery (F2D2)
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arXiv:2311.09915

arXiv:2403.02422

https://arxiv.org/abs/2304.08625
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031901
https://arxiv.org/abs/2203.08079
https://arxiv.org/abs/2311.09915


F2D2 Task Force at Fermilab
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• Launched this year 

to study F2D2 

feasibility

• Charged with 

developing a vision 

and implementation 
plan for F2D2 to the 

conceptual level

• Work ongoing 

following 

submission of 

preliminary report



F2D2 Experimental Program
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Millicharged Particles (mCPs)
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Using DM Direct Detection Detectors for mCP Searches
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Kg-scale Skipper-CCD Off-axis Experiment at F2D2

Target

Beam
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mCP Sensitivity with 1kg-year total exposure



Axion-like Particles
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DAMSA
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DAMSA Experiment Design
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DAMSA ALP Sensitivity

arXiv:2311.09915 [hep-ex]
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Dark Matter (DM)

• Inelastic DM

– DM up-scatters to heavier DM state, which then decays in detector

• DM-nucleus inelastic scattering

– DM excites nucleus, which then decays in detector
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PIP2-BD Liquid Argon Scintillation Detector

• 100 tonne liquid argon (LAr) 

scintillation detector instrumented with 

1200 photomultiplier tubes (PMTs)

• Design similar to Coherent CAPTAIN-

Mills

• Multi-purpose detector can search for 

keV-scale or MeV-scale dark sector 

signatures

arXiv:2203.08079 [hep-ex]
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PIP2-BD Sensitivity to Thermal Relic DM (2 GeV proton beam)

Phys. Rev. D 106, 113006 (2022)
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Physics Opportunities at F2D2

• Light dark matter (LDM) / dark sector searches 

– Decay and/or scattering signatures 

• Light sterile neutrino searches 

– Both appearance and disappearance

• Coherent elastic neutrino-nucleus scattering 

– Provides new way to search for LDM and 

sterile neutrinos 

• Searches for Non-standard interactions (NSIs), 

 tests of the Standard Model  

• Neutrino Cross Section Measurements 

arXiv:2207.00597 [hep-ph]

JHEP 08 (2023) 169



Summary
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• The PIP-II Linac is coming online at Fermilab at 
the end of the decade and is capable of driving 
among the highest-power ~GeV proton beams in 
the world

– Can simultaneously support multi-MW high 
energy beams for LBNF/DUNE and intense 
low (~GeV) energy protons beam 

• Excellent opportunity for a proton beam dump 
based dark sector (and neutrino) physics program

• Fermilab task force launched to study the 
feasibility of a Fermilab Facility for Dark Sector 
Discovery (F2D2) to host future agile projects 
aligned with P5 vision

– Key feature of such a facility at Fermilab is that 
it can be designed for and dedicated to high 
energy physics 

• Exciting prospect for discovering accelerator-
produced light dark matter over the coming 
decade!



Thank you for your attention!

25


	Slide 1
	Slide 2: Report of the 2023 Particle Physics Project Prioritization Panel (P5)
	Slide 3: Report of the 2023 Particle Physics Project Prioritization Panel (P5)
	Slide 4: Dark Sector Paradigm
	Slide 5: Dark Sector – Light Dark Matter (DM)
	Slide 6: Mimicking Big Bang DM Production at Accelerators
	Slide 7: Mimicking Big Bang DM Production at Accelerators
	Slide 8: PIP-II Linac Under Construction at Fermilab
	Slide 9: Fermilab Facility for Dark Sector Discovery (F2D2)
	Slide 10: F2D2 Task Force at Fermilab
	Slide 11: F2D2 Experimental Program
	Slide 12: Millicharged Particles (mCPs)
	Slide 13: Using DM Direct Detection Detectors for mCP Searches
	Slide 14: Kg-scale Skipper-CCD Off-axis Experiment at F2D2
	Slide 15: mCP Sensitivity with 1kg-year total exposure
	Slide 16: Axion-like Particles
	Slide 17: DAMSA
	Slide 18: DAMSA Experiment Design
	Slide 19: DAMSA ALP Sensitivity
	Slide 20: Dark Matter (DM)
	Slide 21: PIP2-BD Liquid Argon Scintillation Detector
	Slide 22: PIP2-BD Sensitivity to Thermal Relic DM (2 GeV proton beam)
	Slide 23: Physics Opportunities at F2D2
	Slide 24: Summary
	Slide 25: Thank you for your attention!

