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The cosmic microwave background isotropy as seen by Planck

(no contrast enhancement).

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



Each dot is a galaxy with hundreds of billions of stars.

A picture of the universe as it appears today.
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A picture of the universe 400,000 years after the big bang

The cosmic microwave background anisotropy (Planck data)

Contrast enhancement of ~105.



In a universe with no dark matter – 

CMB multipole expansion

 = 

baryons = 

collapse once

in 400,000 years

collapse and 

rebound once

in 400,000 years

collapse, 

rebound, and 

re-collapse in 
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~ 1°

~ 1/2°
~ 1/3°
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CMB multipole expansion as measured by Planck

Prominent 3rd peak 

indicates presence of 

matter which did not 

rebound... this is the 

dark matter.



The Milky Way’s dark matter halo

• Typical orbital vel. = 230 km/sec

~ 0.1% speed of light

• Density: ~ 300 mproton / liter



Neutrinos? – 

Seem to be 

too light



WIMP

 

‘Direct Detection’

nuclear 

recoil signal

electron recoil 

background
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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.

S1

S2



Xenon Detector Surface Assembly



Sanford Underground Research Facility

Davis Cavern 1480 m 

(4200 mwe)

Lead, South Dakota
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A WIMP search with 10 tonnes of Liquid Xenon

2

3

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

Search for anomalous low-energy nuclear recoils

S1

S2

S1

S2



tritium
(β source)

Neutrons 
(nuclear recoils)

LZ calibration data – April 2022



40 GeV WIMP

37Ar 



LZ WIMP Search Data – 60 days

Final Event Selection – 335 events

40 GeV WIMP

37Ar 



LZ WIMP Limit

60 days – July 2022





Aaron Chou, Snowmass 2022



Aaron Chou, Snowmass 2022
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