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STORY LINESTORY LINE
Detective story about a 
secret society  which  ...
Detective story about a 
secret society  which  ...

... steals 1 g of antimatter 
from a place called “CERN” ...
... steals 1 g of antimatter 
from a place called “CERN” ...

... to blow up the Vatican, an 
old “enemy of science and 
CERN”.

... to blow up the Vatican, an 
old “enemy of science and 
CERN”.

A mix of fact and fiction. What is true? What is 
false?
A mix of fact and fiction. What is true? What is 
false?



QuestionsQuestions

Does antimatter exist?Does antimatter exist?

Is it the energy source of the future?Is it the energy source of the future?

Is it a dangerous weapon?Is it a dangerous weapon?

Why does CERN produce antimatter?Why does CERN produce antimatter?

Are there other uses of antimatter?Are there other uses of antimatter?



DOES ANTIMATTER EXIST ?DOES ANTIMATTER EXIST ?

Energy 
(e.g. photon)

Energy 
(e.g. photon)

MassMass

e+e+

e-e-

Same mass, opposite chargeSame mass, opposite charge

E = mc2E = mc2
+

Quantum Theory
+

Quantum Theory

Yes:Yes:





ANTIMATTER PRODUCTIONANTIMATTER PRODUCTION

When very high energy particles 
collide, 50% of the newly created 

mass goes into antiparticles

When very high energy particles 
collide, 50% of the newly created 

mass goes into antiparticles



WHY STUDY ANTIMATTER ?WHY STUDY ANTIMATTER ?
13,700 million years 

ago
13,700 million years 

ago Transformation of energy into 
mass
on a gigantic scale
t ~ 0 : 

equal amounts of 
matter/antimatter
t < 0.001 s : 

all antimatter has 
disappeared,

but some matter (us!) left

reason ?reason ?



IS THERE A DIFFERENCE ?IS THERE A DIFFERENCE ?
PRECISION STUDIES WITH ANTIHYDROGENPRECISION STUDIES WITH ANTIHYDROGEN

==??

ATOMIC LEVELS  OF HYDROGEN AND ANTIHYDROGENATOMIC LEVELS  OF HYDROGEN AND ANTIHYDROGEN

ANTIHYDROGEN -
GRAVITATION ?

ANTIHYDROGEN -
GRAVITATION ?



Two Milestones in
Antihydrogen Physics

Two Milestones in
Antihydrogen Physics

1996: 

First production of 9 antihydrogen atoms at LEAR (CERN),
moving with 90% of the speed of light

1996: 

First production of 9 antihydrogen atoms at LEAR (CERN),
moving with 90% of the speed of light

2002: 

Production of 1,000,000 antihydrogen atoms at the AD 
(CERN),
moving with 1/1,000,000 of the speed of light

2002: 

Production of 1,000,000 antihydrogen atoms at the AD 
(CERN),
moving with 1/1,000,000 of the speed of light



Low Energy Antiproton RingLow Energy Antiproton Ring



1996: FIRST PRODUCTION AT LEEAR1996: FIRST PRODUCTION AT LEEAR

VERY EXCITING START OF ANTIHYDROGEN PROGRAM AT CERNVERY EXCITING START OF ANTIHYDROGEN PROGRAM AT CERN

NOT VERY USEFUL FOR PRECISION EXPERIMENTS (too fast)NOT VERY USEFUL FOR PRECISION EXPERIMENTS (too fast)



1996: HEADLINES AROUND THE WORLD1996: HEADLINES AROUND THE WORLD
“Liberation” (France)



How to produce more + colder antihydrogen ?How to produce more + colder antihydrogen ?



ANTIPROTON DECELERATOR (AD)ANTIPROTON DECELERATOR (AD)
188 m long

Antiproton Production,
Storage and Deceleration

3 - 0.005 GeV energy

188 m long
Antiproton Production,

Storage and Deceleration
3 - 0.005 GeV energy

Original motivation 
(~1980):

Make antiproton beams 
for acceleration in the 

‘SPS collider’ - to 
produce ‘vector bosons’ :
NOBEL PRIZE FOR TWO 

CERN PHYSICISTS

Original motivation 
(~1980):

Make antiproton beams 
for acceleration in the 

‘SPS collider’ - to 
produce ‘vector bosons’ :
NOBEL PRIZE FOR TWO 

CERN PHYSICISTS



ANTIHYDROGEN PRODUCTIONANTIHYDROGEN PRODUCTION

QuickTime™ and a
MPEG-4 Video decompressor

are needed to see this picture.



energy source of the future ?energy source of the future ?

E = mc2E = mc2 1 kg = 9 · 1016 J = 2.9 GW yr 1 kg = 9 · 1016 J = 2.9 GW yr 

Energy 
conservation  !

1012 antiprotons (10-12 g) ~ 30 MW · day 
~ 106 kWh ~ 100 k€

1 g antimatter ~ 100,000,000 billion €

1012 antiprotons (10-12 g) ~ 30 MW · day 
~ 106 kWh ~ 100 k€

1 g antimatter ~ 100,000,000 billion €

No antimatter mines!No antimatter mines!



PARTICLE TRAPSPARTICLE TRAPS



2002 - athena experiment2002 - athena experiment

Trap for antiparticle storageTrap for antiparticle storage



2002 - athena experiment2002 - athena experiment

First production of more than 
1 million antihydrogen atoms
First production of more than 
1 million antihydrogen atoms



2002 - athena experiment produces 
1 million antihydrogen atoms

2002 - athena experiment produces 
1 million antihydrogen atoms

Signature of antihydrogen 
anti-atoms are not trapped and annihilate at the wall

Signature of antihydrogen 
anti-atoms are not trapped and annihilate at the wall



ANTIMATTER : 
A DANGEROUS WEAPON ?
ANTIMATTER : 
A DANGEROUS WEAPON ?

Cost:  50,000,000 billion €
Production time: ~ 3 billion years

Cost:  50,000,000 billion €
Production time: ~ 3 billion years

E = mc2E = mc2

20 kt TNT = 8.4 · 1013 J

0.5 g antimatter + 0.5 g 
matter

20 kt TNT = 8.4 · 1013 J

0.5 g antimatter + 0.5 g 
matter

Hiroshima Atomic BombHiroshima Atomic Bomb



Promotion to ‘CERN demon’
(thanks, Dan)

Promotion to ‘CERN demon’
(thanks, Dan)

LEONARDO 
VETRA

LEONARDO 
VETRA

2002: STILL A LOT OF HEADLINES, 
AND... AS A BY-PRODUCT

2002: STILL A LOT OF HEADLINES, 
AND... AS A BY-PRODUCT



other uses of antimatterother uses of antimatter
Positron Emission 

Tomography
Positron Emission 

Tomography

Tumour treatment 
with antiprotons ?

( CERN experiment AD-4/ACE )

Tumour treatment 
with antiprotons ?

( CERN experiment AD-4/ACE )

Thank you 
for your attention

Thank you 
for your attention


