
When you look at the sky in a dark, clear night…

NASA and ESA image



Andromeda, our neighbour, 2 million light years away
1 light year = 9.5 trillion kilometres



Mapping the visible Universe



Most of the 
matter (85%) is 
invisible



Gravitational 
lensing 
the gravitational field 
bends light

Hubble Space Telescope, 1994



Fritz Zwicky: 
Coma cluster



Fritz Zwicky: 
Coma cluster
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Vera Rubin: 
Galaxies



Dark Matter is Scaffolding for Structure Formation 

Massey et al Nature 445, 286 (2007) 

Weak lensing in 2 deg HST COSMOS field provided first high fidelity DM 
map which could be compared to that of radiating baryons and stellar 
mass density in matched volumes 

Contours 
(WL derived 
DM) 
 
Red = hot 
gas (XMM) 
 
Blue (stellar 
mass) 

Dark matter 
forms structures 
and galaxies

But:  
what is it made of?

HST COSMOS survey; Nature 445 (2007), 268 



First:
what is normal 
matter made of?

Neutron Proton

Elektron stars, planets, people, polenta,…

http://www.symmetrymagazine.org



Particles from a very early phase of our Universe



These particles make up the halo of our 
Milky Way

Dark matter halo

Visible galactic disk



Dark matter halo

Visible galactic disk



How to make 
them visible?

Look for very rare 
collisions of such 
particles with atomic 
nuclei



Look for very rare 
collisions of such 
particles with atomic 
nuclei

How to make 
them visible?



Example: 
neutrinos 
from the Sun

6500 billions through your 
hand, every second



Dark matter 
particles:

~ 10 millions through your 
hand, every second

http://www.symmetrymagazine.org



Where to 
detect dark 
matter 
particles?

Deep underground: 
to shield from 
cosmic rays

GERDA XENON1T

OPERA

XENON100

LVD

Borexino
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liquid 
xenon

gaseous xenon

How exactly?
Build a large, ultra-
sensitive detector filled 
with 3.5 tonnes of liquid 
xenon

-100 C





3.5 tonnes of 
liquid xenon?
Where from?

Abundance in the Earth atmosphere [Volume, ppm]: 

Argon: “the inactive one” (9348), neon: “the new 
one” (18), krypton: “the hidden one” (1.14),      
xenon: “the strange one” (0.09)



The XENON1T detector at the Gran Sasso Laboratory



The XENON1T time projection chamber at UZH



The XENON1T time projection chamber at UZH



The XENON1T detector







xenon1t.org

Jan 15, 2016, CERN Courier 
XENON opens a new era for dark-matter searches 
The recently inaugurated XENON1T detector is designed to be the most sensitive 
experiment for the direct search of WIMPs



xenon1t.org

Short movie about the XENON1T construction

http://xenon1t.org

