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1 What is1      What is

Antimatter

s antimatter ?s antimatter  ?
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1      What is

M

Antimatter

s antimatter  ?

Matter is made of particles

ElectronsElectrons
Protons 
Neutrons Quarks}
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1      What is

Particles have specif

Name Electric Cha

Electron - 1

Proton + 1

Neutron 0

*GeV = Giga-Electron Volt = 1,000,00

Antimatter

s antimatter  ?

fic masses and charges

rge [e] Mass [GeV*]

0.0005

0.938

0.941

00,000 Electron-Volt = 1.8 · 10-27 kg
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1      What is
Anti-Particles have the same 

El t iName Electric 
Charge [e] Mass [GeV*]

Electron - 1 0.0005E ctron . 5

Proton + 1 0.938

Neutron 0 0.941

Particles

Antimatter

s antimatter  ?
mass, but opposite charge

El t iElectric 
Charge [e] Name

+ 1 Positronos tron

- 1 Antiproton

0 Antineutron

Anti-Particles
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2 How is an2      How is an

Antimatter

ntimatter made ?ntimatter made  ?
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2      How is an
Energy is c

e-

EnergyEnergy
(e.g. photon)

Mass of el

Antimatter

ntimatter made  ?
converted to mass

e+ E → mc2

lectron and positron
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2      How is an
In the Sun, mass i
energy gy

m  m  
4 000 000 t 4 000 000 t 

Antimatter

ntimatter made  ?
s converted to 

EE  E  E
per secondper second
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2      How is an
Particles and antiparticles a

Energy to mass:

... and they can als
other

Mass to energy:

Antimatter

ntimatter made  ?
are always created in pairs ...

so annihilate each 
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2      How is an

Antimatter

ntimatter made  ?

New particles and 
antiparticles are created inantiparticles are created in 
collisions
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2      How is an

Energy is carried by accelera

Energy is conv

Antimatter

ntimatter made  ?

ated particles

verted to mass in collisions
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2      How is an

Antimatter

ntimatter made  ?

When energy is transformed to 
mass,
equal amounts of particles and
antiparticles are created
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2      How is an
What is an
anti-particle?p

Anti-Particles areAnti Particles are 
as real as particles

A world made of ant
and it would look the

Antimatter

ntimatter made  ?

Energy

Particle Anti-Particle

tiparticles could exist -
e same as our world.
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2      How is an
Careful with “an

Antimatter

ntimatter made  ?
ntimatter E.T.” !
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2      How is an
BushBush

False analogy: matter and a
identical

Antimatter
identical

ntimatter made  ?
Anti-Bush?Anti-Bush?

≠≠≠≠

antimatter would look 

r Mysteries 16



3 Where is a3      Where is a

Antimatter

antimatter madeantimatter made  
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3      Where is an
Antiparticles are produced using ac

The largest accelerator laboratory i

(CH)

CERN = ‘Conseil Européen pour la27 km long
Proton Collider p pProton Collider
14, 000 GeV collision energy

Antimatter

ntimatter made  ?
ccelerators

n the world is CERN in Geneva 

 Recherche Nucléaire’

7500 physicists 
from 104 countries

r Mysteries 18



3      Where is an
CERN = ‘Conseil Européen pour la Rech
European Laboratory for Particle Physic

LL
H
CC

Antimatter

ntimatter made  ?
herche Nucléaire’

cs

Large The most powerfulLarge
Hadron
Collider

The most powerful 
particle 
accelerator in theCollider accelerator in the 
world
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3      Where is an

Antimatter

ntimatter made  ?

N ti l illNew particles will 
be created that 
only existedonly existed 
shortly after the 
Big BangBig Bang

- Generation of mass ?
Dark Matter ?- Dark Matter ?

- Extra dimensions ?
- Antimatter propertiesAntimatter properties 
?

r Mysteries 20



3      Where is an
The ATLAS detector is one o

Antimatter

ntimatter made  ?
of four giant detectors at the LHC
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3      Where is an
The ATLAS detector is a

Antimatter

ntimatter made  ?
as large as a 5-story building
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4 The myst4      The myst
antimatter

Antimatter

tery oftery of 
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4      The myste

Antimatter on th

Why is there no antimattey
Universe?

Sola

Antimatter

ery of antimatter

he Moon? No !

er anywhere in the y

ar System ?  No !
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4      The myste

In galaxies far, far aw

There seems to be no a
U i !

Antimatter
Universe !

ery of antimatter

way ...  ? No

ntimatter in the 
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4      The myste

No antimatter in thNo antimatter in th

WhWhy y

Antimatter

ery of antimatter

he Universe ?????he Universe ?????

t ?not ?
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4      The myste

The Universe started 1The Universe started 1
ago 

Size (x 100) of the vSize (x 100) of the v
[ at the ‘Planck’ time t = 

Antimatter

ery of antimatter

13 700 million years13 700 million years 

~ 1072

Joule

visible Universevisible Universe 
10-43 s]
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4      The myste

13,700 million years 

Antimatter

ery of antimatter

ago:  The Big Bang

Transformation of energy into mass 
on a gigantic scale

t ~ 0 : 
matter = antimatter

t ~ 0.001 s :
all antimatter has disappeared,
b t tt ( !) l ftbut some matter (us!) left; 
energy is carried by light particles

Today :Today :
>2,000,000,000 photons per
proton or neutron
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4      The myste

Scientist
why the 

Is it because matter and antimatte
properties*?properties ?

Is it because matter and antimatte
properties ?

Antimatter

ery of antimatter

ts want to understand 
Universe contains only matter!

er have (slightly) different 
*M h ti t ?*Mass, charge, magnetic moment, ...?

er have different decay* 
*CP violation
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5      How to st
?

Antimatter

tudy antimatter y
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5      How to stu
Compare properties of antim

Mass o

Present

difference less than one dust grain

Magnetg
positron
Present 

Present status: exc

Antimatter

udy antimatter ?
atter and matter very precisely

of proton and  antiproton ?

t result:  ΔM/M < 0. 000 000 000 1 

ic moment of electron and 
n ?

result:  Δμ/μ < 0. 000 000 000 001 

ellent agreement !
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5      How to stu
Compare properties of antimatter 
precisely

1)   Produce antihydrogen ato
positrons
2)   Trap antihydrogen atoms
3)   Measure their properties

Energy levels

Antimatter

udy antimatter ?
and matter even more 

ms from antiprotons and 

Gravity
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5      How to stu

Antimatter

udy antimatter ?

Antimatter factory at 
CERNCERN
Antiproton Decelerator
produces antiprotonsproduces antiprotons
and slows them down

188 m long

Antiproton Production:Antiproton Production:
100,000,000 antiprotons per 
minute

Deceleration
96 % → 10 % speed of 
light
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5      How to stu
Then, antiprotons (and

Antimatter

udy antimatter ?
d positrons) are trapped
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5      How to stu
Animation: How antihyd

QuickTime
MPEG-4 Video d

are needed to see

Antimatter

udy antimatter ?
rogen is produced at the AD

e™ and a
decompressor
e this picture.
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5      How to stu
ATHENA Experiment (2002

Status:
• More than 1 million an  More than 1 million an
•  Small kinetic energy (
•  Next step (in progress

Antimatter

udy antimatter ?
2), at the AD facility

ntihydrogen atoms producedntihydrogen atoms produced
(< 0.01 eV)
s): trap antihydrogen atoms
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6 Energy source?6   Energy source?
Trek?

Antimatter

? Weapon? Star?   Weapon?  Star 
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6  Energy source? 

The story line of ...

Detective storyDetective story 
secret society  w

... steals 1 g of antimatter from
at the ‘LHC’ in a place called

... to blow up the
old “enemy of scold “enemy of sc
CERN”.

Antimatter

 Weapon?  Star Trek?

about aabout a 
which  ...

m a physicist 
d “CERN” ...

e Vatican, an 
cience andcience and 
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6  Energy source? 

The ‘Angels and Demons’ 
movie is being prepared.g p p

Director: Ron Howard
Robert Langdon : Tom Hanks

What did Ron Howard*  
ft h h d

g

say after he had seen 
CERN?

This much science will be in the

That’s how small I feel after 
seeing the huge machines ...

This much science will be in the
“Angels and Demons” movie ...

*Da Vinci Code, Apollo 13

Antimatter

 Weapon?  Star Trek?

That’s the budget of my new movie
“Angels and Demons”

This is what Dan Brown understandsThis is what Dan Brown understands
about antimatter ....

3, Beautiful mind, ...
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6  Energy

Dan Brown: Antimatter is th

Energy  co

Antimatter productio

1,000,000,000 times m
than released

Antimatter

y source?  

he energy source of the future.

nservation  No

on requires energy

more energy invested 
by annihilation 
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6  Antimatt
Dan Brown i
only 0.5 g an
bomb’bomb

0.5 g antim
Total energ
JJElectricity 
[1 kWh = 3.6 

20 kt TNT = 8.4 · 1013 J

Price ~ 1,

D li t0.5 g antimatter + 0.5 g 
matter

Delivery t

Antimatter

ter bombs ?  
is right: 
ntimatter makes an ‘anti-atomic 

BUT:

matter = 4.5 · 1013 J
gy needed (efficiency =10-9 ) : 4.5 · 10

discount price CERN 
· 106 J = 0.1 €] 

,000,000,000,000,000 €

ti 1 000 000 000time ~ 1 000 000 000 years
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6  Star

Anti

No!

Energy needed to accelerate a 10-ton
of light:

E = γmc2 ~ 10 · 104 kg = 

Needs 50 tons of antimatter

Antimatter

r Trek?

matter as fuel for space ships ?

n space ship to 95 % of the speed 
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7 Applicatio7      Applicatio

Antimatter

ons in medicineons in medicine
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7    Positron Em

Add positron emitting isotopes (e.g. F-18) 
to glucose molecule and inject into bloodto glucose molecule and inject into blood 
stream

Glu
decdec
whe

Antimatter

mission Tomography

cose molecules accumulate (and 
cay)cay) 
ere energy is needed

Use detector to reconstruct 
place of positron annihilation
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place of positron annihilation



7    Positron Em

Antimatter annihilations help to
works

Antimatter

mission Tomography

o understand how the brain 
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7    Tumour thera
Radiation destroys tumour cells, bu

Gamma radiation: more healthy thaGamma radiation: more healthy tha
Protons deliver more energy in tum
Antiprotons are 3x better than protop p

Antimatter

apy with antiprotons ?
t also healthy cells

an tumour cells destroyedan tumour cells destroyed
our cells

ons (but expensive)( p )

Antiprotons
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The ‘Angels and De

What didWhat did
Ron Howard
say after his
visit to 
CERN?

Antimatter

mons’ antimatter movie
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Thank you forThank you for 

Antimatter

r your attention.r your attention.
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