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We look upward, 
because we love mystery 



The stars are burning balls of  gas, like 
our own Sun 



Over 100 billion stars 
make up our home 

galaxy, the Milky Way 



To see more distant objects, you need a 
bigger telescope … the Hubble! 



Millions of  galaxies now discovered… 



Stars & Galaxies Demystified: 
 

Stars are burning balls of  gas 
… like our own Sun 

 
The night sky is full of  stars 

… these are all part of  the Milky Way 
 

The universe is full of  galaxies 
…which contain their own stars 



A Modern Mystery… 
 
 

Recent observations indicate that 
there’s MUCH more “stuff ” in the 

galaxies than just stars 
 

This extra stuff  that we cannot see is 
called “dark matter” 



Galaxies like the Milky Way are thought to be 
surrounded by a “cloud” of  dark matter 



If  you can’t see it how do 
you know it’s there? 



“Does Earth have a moon?” 



What about on a cloudy day? 



Look for the tides! 



Even though we can’t see 
dark matter by eye,  

we see it “by gravity” 



Another quick example 
… 

How do you weigh the sun? 



The Earth orbits in a year 

(Isaac Newton’s 
Law of  Gravity, 
discovered 1687) 

F = G
Mm

R2

force of  gravity on Earth 

mass of  the Sun 



What if  the sun were heavier? 

(Isaac Newton’s 
Law of  Gravity, 
discovered 1687) 

More Mass à More Force à Faster Orbit 

F = G
Mm

R2

force of  gravity on Earth 

mass of  the Sun 



Weighing a galaxy! 



How fast are the stars moving?   
à this tells you total matter 

How bright is the galaxy? 
à this tells you the star stuff 

Anything left over? 
à dark matter! 



These stars are moving too fast!   

Jan Oort 
(1932) 



Fritz Zwicky  
(1933) 

These galaxies are moving too fast!  
There must be some “dunkle Materie” 

Coma cluster of  galaxies 
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Vera Rubin 
(1970) 

The stars are moving too quickly in every galaxy.  
They must all have some dark matter! 



•  Hundreds of  researchers! 

•  Dozens of  worldwide 
collaborations! 

•  Over 13,000 scientific papers about 
dark matter! 

From 1970 to today … a lot has changed 



Thanks to the pioneers like 
Zwicky & Rubin we now know 

 
 

-- there’s about five times more 
dark matter than atoms (by 
mass) 
-- it’s everywhere! 



What is it? 
 

Can we make it? 
 

Is it here? 



What is it? 
 



Dark matter does not glow 

Atoms are the  
building blocks  

of matter 

When you heat 
atoms, they glow 
(like neon lights) 



No dark matter here… 



The dark matter must 
be a new kind of 

particle 



There are a lot of hypotheses 

Sterile 
Neutrino 



We might not 
know what it is,  
but you can buy 
it anyway 



 
 

Can we make it? 
 



Chemists make new molecules 
and atoms all the time 

But dark matter is 
not made of atoms!   
 
It cannot be created 
using chemistry.   



Einstein told us that matter can 
be created from energy 

E = mc2



To create heavy particles,  
like dark matter, 

you need a LOT of energy! 
slow collision 

fast collision 









No dark matter has been 
created at the LHC … yet! 

 
 
 
 

Creating dark matter in the lab 
would help to discriminate 
between competing models 



 
 
 
 

Is it here? 



How much dark matter  
is in the vicinity of the Earth? 

about 1 particle per cm^3 
… that’s a lot! 



Why aren’t we bumping 
into all this dark matter? 

air molecule 

dark matter 
“the ghost  
particle” 



Collisions are 
rare, but they 
do occur 

=



It’s more “quiet” underground… 



Dozens of experimental 
collaborations are in the race 
to discover dark matter. 
 
Who will be the first?   
 
Experimental efforts ongoing! 



What is it 
 

Can we make it 
 

Is it here 

All Open Questions! 



We encountered a 
new mystery, simply 
by looking upward.   
 
In trying to demystify 
dark matter, we are 
forced to look in 
some exotic places. 
 
What other mysteries 
might we uncover? 
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Collisions are 
rare, but they 
do occur 



=

Collisions are 
rare, but they 
do occur 


