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2Galileo Galilei

1610

The cosmos may contain matter that is 
too dark to be perceived through 
ordinary means.

Painting by Giuseppe Bertini (1858)

Two of Galileo’s telescopes Galileo’s notes

Photograph by John Chumack
www.galacticimages.com
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Isaac Newton

1687

There are laws of motion 
and universal gravitation.
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Fritz Zwicky

1930s

Coined the term “dark matter”

NASA, ESA, and the Hubble Heritage Team (STScI/AURA).
Release ID: 2008-24

Why does the Coma cluster 
not fly apart?



Jan Oort 5

1930s

Why do stars, including our 
sun, remaining in the spiral 
arms of galaxies?

By David (Deddy) Dayag - Own work, CC BY-SA 4.0

https://commons.wikimedia.org/w/index.php?curid=100182268
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Vera Rubin

Mon. Not. R. Astron. Soc. 311, 441±447 (2000)
By Mario De Leo - Own work, CC BY-SA 4.0

https://academic.oup.com/mnras/article/311/2/441/965167
https://commons.wikimedia.org/w/index.php?curid=74398525
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Dark matter halo

Galactic disk

Solar system

80 kpc
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Mostly ruled out

Strong possibility!

E.g.: planets, 
low-luminosity stars, 
diffuse gas clouds…

Invisible particles
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16Observation

Production

Direct Detection
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Dark Matter
Atom

How to build a dark matter 
detector?

1) Build a container to hold 
medium

2) Instrument container

3) Allow dark matter from halo 
to pass through detector

What can go wrong?

Radiation can also scatter in 
the medium!
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Secondary 
cosmic rays
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Environment

Trace 
radioactivity 
from primordial 
nuclides: 238U, 
232Th, 40K
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Detector materials
Ti vessel with 
trace 
radioactivity 
from 238U, 232Th, 
40K, 46Sc, 60Co
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Target Medium

Absorbs 222Rn, 
220Rn and 
contains trace 
amounts of 85Kr
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8 billion people

… 

1 Wally
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Underground
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Shielding
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Reduce detector mass

Use radiopure materials
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Purify target material
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Data analysis techniques
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Lead

⌂Postgraduate 
school Hometown

https://www.compart.com/en/unicode/U+2302
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Sanford Underground Research Facility

LUX-ZEPLIN
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Black Hills Underground 
Campus

Built in another cavern

Measure radioactivity in 
many materials

Choose the most radiopure to 
build the dark matter detector

Cavern

Loading sample into high purity 
germanium detector
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Layered shielding

Tank
- High purity water

Outer detector
- 17 T gadolinium loaded liquid scintillator 
- 120x 8” photomultiplier tubes

Skin
- 2 T liquid xenon
- 93x 1” and 38x 2” PMTs

Liquid-gas time projection chamber
- 7 T liquid xenon
- 494 3” PMTs
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Dark 
matter
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Construction
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Cathode HV conduit

Acrylic vessel holding 
17 tonnes of 

gadolinium loaded 
liquid scintillator 

(Ga-LS)

DD neutron conduit

120x 8” PMT

Tyvek lining
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Results of 
LUX-ZEPLIN

First and second 
results are world 
leading!

2 more years until 
final result

Phys. Rev. Lett. 135, 011802

https://journals.aps.org/prl/abstract/10.1103/4dyc-z8zf
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The Future: XLZD

J. Phys. G: Nucl. Part. Phys. 50 013001 (2023)
Phys. Rev. Lett. 127, 251802

https://iopscience.iop.org/article/10.1088/1361-6471/ac841a
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.251802


Thanks you!
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E

Z coordinate 
is calculated 
from Δt

Liquid/gas Xe time 
projection chamber (TPC)

Particle

Tim
e

X, Y coordinates are 
calculated from localized 

S2 light pattern in top 
PMTs

Delayed 
electroluminescence (S2)

Prompt scintillation (S1)

Li
q

u
id

G
as
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