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A picture of the universe 400,000 years after the big bang

The cosmic microwave background 1sotropy as seen by Planck

3
(no contrast enhancement).



cture of the universe as it appears today.
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S 2dF Galaxy Redshift Survey 99

Each dot 1s a galaxy with hundreds of billions of stars.



A picture of the universe 400,000 years after the big ban

The cosmic microwave background anisotropy (Planck data)
Contrast enhancement of ~10°.
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CMB multipole expansion as measured by Planck

Multipole moment, /¢
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The Milky Way’s dark matter halo

* Typical orbital vel. =230 km/sec
~ 0.1% speed of light

* Density: ~ 300 my,, / liter
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Three Generations of Matter

£ Fermilab 95-759

Neutrinos? —



‘Direct Detection’
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‘Direct
detection’
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A WIMP search with 10 tonnes of Liquid Xenon

WIMPs and Neutrons
scatter from the
Atomic NucléUs

Outgoing
Particle
Photons and Electrons -
scatter from the lncoming

Atomic Electrons Particle

Time Projection Chamber

Search for anomalous low-energy nuclear recoils

Requirements: large target mass + low energy threshold + background control.




Xenon Detector Surface Assembly




Sanford Underground Research Facility

Davis Cavern 1480 m
(4200 mwe)
Lead, South Dakota
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Closing Up

Lowen mnericryostat vessel
into outer c>yostat vessel

Making up cathoe connections
(under N2 purge)
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WIMP Signals in a Dual-Phase Xenon Detector
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A WIMP search with 10 tonnes of Liquid Xenon
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Search for anomalous low-energy nuclear recoils

Requirements: large target mass + low energy threshold + background control.
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LZ calibration data — April 2022
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log0(S2¢ [phd])
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4.50

LZ WIMP Search Data — 60 days
Final Event Selection — 335 events
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LZ WIMP Limit
60 days — July 2022
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SI dark matter-nucleon cross section [cm?]
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Possible interaction strengths range from the scale of the standard
model to the scale of gravity

Dark Matter Mass
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“Interaction Strength”

GN self-interactions, dark radiation, light relics, etc
Gravity « bosons >
fermions >

wave-like DM particle-like DM

Aaron Chou, Snowmass 2022



Above ~1 eV, use sensitive detectors to search for the scattering,
absorption, decay, and annihilation of particle DM

Dark Matter Mass
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Next-generation direct and
indirect searches; new low-
threshold experiments.

self-interactions, dark radiation, light relics, etc
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Cross Section at 200GeV [cm?]

1074
; o a2 3 . ® Observed Result (90% CL)
107 .PJD B 20%-exposure Sensitivity
_ ® O Sensitivity Goal
10 43 Oﬂ 0 ®
KEN A ® .50
a4 e ™ TMAS® oDar\&S\de .
10~
o,
100 @
10" e XENO™ 3600
E LUX . ® © ‘~~‘ DBA
107% - x‘aﬂoﬁx XA @& =
1077 & PN
?aﬁwﬁﬂ \WAIs|
B ol ALY = B .
107° neutrino fog (Xe) X‘B@ ____________ -
107" <UD
L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045
Year



	Slide 1: Nuclear & Particle Physics of Dark Matter  PHYS 441, April 23, 2026 Carter Hall
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: The Milky Way’s dark matter halo
	Slide 9
	Slide 15
	Slide 16
	Slide 17: A WIMP search with 10 tonnes of Liquid Xenon
	Slide 18: Xenon Detector Surface Assembly
	Slide 19: Sanford Underground Research Facility
	Slide 20
	Slide 21
	Slide 22
	Slide 23: A WIMP search with 10 tonnes of Liquid Xenon
	Slide 24
	Slide 25
	Slide 26
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

