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Antimatter and other mysteries
from fantasy to reality...

The ATLAS Experiment at the Large Hadron Collider 
brings physics into new territory. 

We will learn about the basic forces that have shaped 
our Universe since the beginning of time and that will 
determine its fate.  

Most exciting is the completely unknown: 
New processes and particles that would 
change our understanding of energy and
matter, and even of space.

Antimatter is part of this new territory.  
It has inspired authors of books and 
movies, and plays a central role in 
the recent movie Angels & Demons
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 Angels & Demons images are ™ and © 2009 Columbia Pictures Industries, Inc. All rights reserved

CERN is indeed a real-life 
lab located in Geneva, 
Switzerland...

... and portions of the movie were
actually filmed in the ATLAS
Experiment at the CERN laboratory.

ANGELS&DEMONS  at the Large Hadron Collider Antimatter in the movie  ANGELS&DEMONS

In the Angels & Demons
movie, the bad guys go to a 

laboratory called “CERN”. 

They steal half a gram
(0.02 ounces) of antimatter 

in a canister, which 
they then take to Rome 

to use as a bomb.
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It is also true 
that when 

matter and
antimatter meet, 

they annihilate. 

Their mass
is converted

to energy
via Einstein’s 

equation

E = mc2

Antimatter is half of everything produced in collisions in ATLASAntimatter annihilates with matter
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 Angels & Demons images are ™ and © 2009
Columbia Pictures Industries, Inc. All rights reserved

we had some means to accumulate half 
a gram (0.02 ounces) and

it would indeed be a powerful bomb as in 
Angels & Demons...

we could put it in a container and

Tom Hanks Question

When Tom Hanks visited ATLAS at CERN, he asked 
about what would keep his coffee cup warm.

If all the antimatter being produced in the ATLAS 
Experiment were somehow put into his cup, it would
raise the temperature about 1° C (2 F°) per hour.
But of course it would cool by about 10° during that hour.

All the antimatter
produced in ATLAS
annihilates within

a fraction of
a second.

But it annihilates

if

if

if

then

If we could accumulate it...

we could take it to another site
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How long to get a gram?

If ATLAS could  somehow accumulate all the antimatter it produced,

It would take 10 million years to get a gram of antimatter.

A gram is the weight
of half a dollar 

and of a feather.

Today

Sahelanthropus 
tchadensis

Australopithecus 
afarensis 10 million years 

in future 
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- 200 000 years

In fact the BIG BANG
produced equal amounts
of matter and antimatter.

The universe by contrast produced enormous amounts of antimatter

Just like
the ATLAS

experiment!
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Immediately after the Big Bang,
the matter and antimatter…

were not exactly equal

The Great Annihilation
followed

Matter

10 000 000 001

10 000 000 001
10 000 000 000

10 000 000 000
Antimatter

Matter and antimatter annihilate

1

and that 
tiny

part is us...

and the rest
of the Universe.
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All the
antimatter,

and all but a
tiny part of the

matter were
gone…
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What gives masses to fundamental particles such as quarks 
and electrons and why are they so different?

Fundamental particles do not have any
size. Here the different sizes represent
      the different masses.
              Leptons are in orange
                     Quarks are in red
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Professor Peter Higgs proposed that all of space is 
permeated by a field, the Higgs field.

Quantum theory says that all fields have particles 
associated with them, so…

in this case…a Higgs Boson.

In 2004, the Wolf Foundation Prize in Physics was awarded
to Robert Brout, Francois Englert, and Peter Higgs for 
“pioneering work that has led to the insight of mass generation”.

The Higgs has already been discovered at
the ATLAS Experiment, but it was Prof. Higgs,

…not the Higgs Boson.

Higgs BosonBoth Matter and Antimatter have Mass

The Higgs field, 
responsible for 
the mass of all 
particles, fills 
the universe.

This image shows 
a representation 
of the field.
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The neutrino masses are
extremely small; they are 
known to be less than
1/150 of the electon mass.



But there is more than just matter and antimatter

Looking at our Universe we see much more 
than ordinary matter (or antimatter)...
We see evidence of dark matter in galaxies 
and clusters of galaxies.

A collision of two clusters of galaxies 
momentarily separated ordinary matter and 
dark matter (seen by gravitational lensing).

Unseen dark matter 
holds together 

rotating galaxies
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Dark Energy 73%

Dark Matter 23%

Ordinary Matter 4%

Composition
of the Universe

An artist’s conception of the 
distribution of dark matter in 
the universe versus time (which 
moves from right to left).
This is based on astronomical 
observations. Over time, 
the dark matter is thought 
to become more clumpy. 
Galaxies are superimposed 
for illustrative purposes only. 



What is dark matter?

We don’t know

But we have ideas

If the constituents of dark 
matter are new particles, 

the ATLAS Experiment should 
discover them and elucidate the 
mystery of dark matter.

String theory and supersymmetry 

In supersymmetry,
every particle should
have a massive “shadow” 
particle, and one of these might 
be the dark matter particle.

String Theory predicts
extra dimensions of space 
and a new symmetry called 
“supersymmetry”.

Particles

Supersymmetic “shadow” particles
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Are there extra dimensions of space? Why is gravity so weak?

Extra dimensions of
space might lead to dramatic 

events in the ATLAS detector.

We observe that the force of gravity is far far weaker than 
that of electromagnetism. This is a great mystery.

Perhaps, Electromagnetism is confined to 
our usual three dimensions of space

Maybe Gravity sees the other dimensions of 
space. As the force is spread out, it is weakened.

Think about an acrobat and
an ant on a tight rope. 

The acrobat can move forward and 
backward along the rope. 

But the ant can also move 
sideways around the rope. 

If the ant keeps walking to one side, 
it goes around the rope and winds 
up where it started (it is a small 
dimension).

The acrobat can only detect the 
one dimension of the rope, just as 
we can only see the world in three 
dimensions, even though it might 
well have more. 
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Who builds and operates ATLAS?

2900 scientists from
almost 200 universities 
and laboratories in
37 countries
(as of January 2010)
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