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STORY LINESTORY LINESTORY 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”from a place called CERN  ...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”.CERN .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?false?false?



QuestionsQuestionsQuestionsQuestions

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?

A th th f ti tt ?A th th f ti tt ?

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

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

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



DOES ANTIMATTER EXIST ?DOES ANTIMATTER EXIST ?

E = mc2E = mc2E  mcE  mc
++Yes!Yes!

Same mass, opposite chargeSame mass, opposite charge
Quantum TheoryQuantum Theory

e-e-

EnergyEnergyEnergy 
(e.g. photon)

Energy 
(e.g. photon)

e+e+

MassMass





False AnalogyFalse Analogya se a ogya se a ogy
BushBush Anti-Bush?Anti-Bush?

≠≠

Matter and Antimatter Objects are optically identicalMatter and Antimatter Objects are optically identicalj p yj p y



ANTIMATTER PRODUCTIONANTIMATTER PRODUCTIONANTIMATTER 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 antiparticlesmass goes into antiparticlesmass goes into antiparticles



Paul DIRAC* (1933) NOBEL-PRIZEPaul DIRAC* (1933) NOBEL-PRIZE

“If we accept the view of complete symmetry between positive 
and negative electric charge so far as concerns the 
f d l l f N d i h

“If we accept the view of complete symmetry between positive 
and negative electric charge so far as concerns the 
f d l l f N d i hfundamental laws of Nature, we must regard it rather as an 
accident that the Earth (and presumably the whole solar 
system), contains a preponderance of negative electrons and 

fundamental laws of Nature, we must regard it rather as an 
accident that the Earth (and presumably the whole solar 
system), contains a preponderance of negative electrons and y m), p p f g
positive protons. It is quite possible that for some of the stars 
it is the other way about, these stars being built up mainly of 
positrons and negative protons In fact there may be half

y m), p p f g
positive protons. It is quite possible that for some of the stars 
it is the other way about, these stars being built up mainly of 
positrons and negative protons In fact there may be halfpositrons and negative protons. In fact, there may be half 
the stars of each kind. The two kind of stars would both show 
exactly the same spectra, and there would be no way of 

positrons and negative protons. In fact, there may be half 
the stars of each kind. The two kind of stars would both show 
exactly the same spectra, and there would be no way of 
distinguishing them by present astronomical methods.”distinguishing them by present astronomical methods.”

1) Matter - Antimatter Symmetry?  
2) Antimatter in the Universe ? 
1) Matter - Antimatter Symmetry?  
2) Antimatter in the Universe ? )
3) Antihydrogen Spectrum ?
)

3) Antihydrogen Spectrum ?



A PERFECT SYMMETRY ?A PERFECT SYMMETRY ?A PERFECT SYMMETRY ?A PERFECT SYMMETRY ?
Present measurements say: YESPresent measurements say: YESPresent measurements say: YESPresent measurements say: YES

Mass of proton =
mass of antiproton
Mass of proton =
mass of antiprotonp

to 10 significant digits

p

to 10 significant digitsto 10 significant digitsto 10 significant digits

For comparison:For comparison:
mass difference between two elefants

less than one dust grain
mass difference between two elefants

less than one dust grain

Magnetic moment: 10-12

Ch 10 8
Magnetic moment: 10-12

Ch 10 8Charge: 10-8Charge: 10-8



WHY STUDY ANTIMATTER ?WHY STUDY ANTIMATTER ?
13,700 million years13,700 million years13,700 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 ?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 -ANTIHYDROGEN -ANTIHYDROGEN 
GRAVITATION ?

ANTIHYDROGEN 
GRAVITATION ?



Two Milestones inTwo Milestones in
Antihydrogen PhysicsAntihydrogen Physics

1996: 1996: 

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

2002: 2002: 

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



Low Energy Antiproton RingLow Energy Antiproton Ringgy p ggy p g



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



H t d + ld tih d ?H t d + ld tih d ?How to produce more + colder antihydrogen ?How to produce more + colder antihydrogen ?



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

A ti t P d ti
188 m long

A ti t P d tiAntiproton Production,
Storage and Deceleration

3 - 0.005 GeV energy

Antiproton Production,
Storage and Deceleration

3 - 0.005 GeV energy3 0.005 GeV energy3 0.005 GeV energy

Original motivation 
(~1980):

Original motivation 
(~1980):( )

Make antiproton beams 
for acceleration in the 

‘SPS collider’ to

( )
Make antiproton beams 
for acceleration in the 

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

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

CERN PHYSICISTSCERN PHYSICISTS



ANTIPROTON PRODUCTIONANTIPROTON PRODUCTIONANTIPROTON PRODUCTIONANTIPROTON PRODUCTION



ANTIHYDROGEN PRODUCTIONANTIHYDROGEN PRODUCTION

QuickTime™ and a
MPEG-4 Video decompressorMPEG 4 Video decompressor

are needed to see this picture.



Antiproton Annihilation in einem Detektor (“Channel Plate”)Antiproton Annihilation in einem Detektor ( Channel Plate )

QuickTime™ and a
Motion JPEG OpenDML decompressor

d d t thi i tare needed to see this picture.



the COST of ANTIMATTERthe COST of ANTIMATTERthe COST of ANTIMATTERthe COST of ANTIMATTER

602 300 000 000 000 000 000 000 Antiprotons per gram602 300 000 000 000 000 000 000 Antiprotons per gram

CERN Production per day:CERN Production per day:30 MW

1012 Antiprotons (~10-12 g)1012 Antiprotons (~10-12 g)

Energy consumption ~ 30,000 kW · 24 h Energy consumption ~ 30,000 kW · 24 h 10,000,000 / sec

Electricity cost (106 kWh)  ~  100,000 €Electricity cost (106 kWh)  ~  100,000 €

1 g antiprotons ~ 100,000 trillion € *1 g antiprotons ~ 100,000 trillion € *

*Comparison: US National Debt (25/4/07): 8.83 trillion $ (6.5 trillion €)*Comparison: US National Debt (25/4/07): 8.83 trillion $ (6.5 trillion €)



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

E = mc2E = mc2
1 k 9 1016 J 2 9 GW1 k 9 1016 J 2 9 GWE = mcE = mc 1 kg = 9 · 1016 J = 2.9 GW yr 1 kg = 9 · 1016 J = 2.9 GW yr 

1012 antiprotons (10-12 g) ~ 30 MW · day1012 antiprotons (10-12 g) ~ 30 MW · day
Energy 

conservation  !

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

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

1 g antimatter ~ 100,000,000 billion €1 g antimatter ~ 100,000,000 billion €

Efficiency: ~ 10-9Efficiency: ~ 10-9

No antimatter mines!No antimatter mines!
c e cy 0c e cy 0

No antimatter mines!No antimatter mines!



PARTICLE TRAPSPARTICLE TRAPS



2002 - athena experiment2002 - athena experimentpp

Trap for antiparticle storageTrap for antiparticle storage



2002 - athena experiment2002 - athena experimentpp

First production of more than 
1 illi tih d t
First production of more than 
1 illi tih d t1 million antihydrogen atoms1 million antihydrogen atoms



2002 - athena experiment produces 
1 illi tih d t

2002 - athena experiment produces 
1 illi tih d t1 million antihydrogen atoms1 million antihydrogen atoms

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

g y g
anti-atoms are not trapped and annihilate at the wall



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

E = mc2E = mc2

20 kt TNT = 8.4 · 1013 J20 kt TNT = 8.4 · 1013 J

0.5 g antimatter + 0.5 g 0.5 g antimatter + 0.5 g 
mattermatter

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

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

Hiroshima Atomic BombHiroshima Atomic Bomb



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



other uses of antimatterother uses of antimatterother uses of antimatterother uses of antimatter
Positron Emission 

Tomography
Positron Emission 

TomographyTomographyTomography

Tumour treatment 
with antiprotons ?
Tumour treatment 
with antiprotons ? Thank youThank youwith antiprotons ?

( CERN experiment AD-4/ACE )

with antiprotons ?

( CERN experiment AD-4/ACE )

Thank you 
for your attention

Thank you 
for your attention

( CERN experiment AD 4/ACE )( CERN experiment AD 4/ACE )


