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Robert Langdon’s first adventur

A mix of fact and fiction. What Is true? What 1S
false?




Questions

Does antimatter exist?

IS it the energy source of the future?
IS It a dangerous weapon?

Are there other uses of antimatter?

Why does CERN produce antimatter?




DOES ANTIMATHER EXIST ?

Quantum Theory

Same mass, opposite charge

Energy ..f-f —
(e.g. photon)
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ANTIMATHER PRODUCTION

When very high energy particles
collide, 50% of the newly created
mass goes into antiparticles
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13.700 million years

ago ____ Transformation of energy into
e mass

on a gigantic scale
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equal amounts of

matter/antimatter
t<0.001s:

all antimatter has
disappeared,
but some matter (us!) left
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IS THERE A DIEEFERENCE ?

PRECISION STUDIES WITH ANTIHYDROGEN

ANTIHYDROGEN -
GRAVITATION ?




Two Milestones. Iin
Antinydragen PnysIcs

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
(&{=20)F
moving with 1/1,000,000 of the speed of light
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Low EnergyAatiproton R




1996: FHIRSTFPRODUGTION AT LEEAR

Neutral
Antihydrogen

Low Energy Antiproton Ring
(LEAR)

VERY EXCITING START OF ANTIHYDROGEN PROGRAM AT CERN

NOT VERY USEFUL FOR PRECISION EXPERIMENTS (too fast)




HEADLINES ARQUND THEWORLD
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How to produce maore + colder-antinydrogen ?

Antiproton Capture into Penning Trap @ Antihydrogen Detection
- Annihilation products: 2 layers x 16 Si Strips

-2 " - - 511 keV Gammas: 192 Csl Xtals + Photodiodes
VRN /(z y \

- -( .~ B=3T
.\\ Antihydrogen Storage in Magnetic Bottle
s Magnetic well depth ~ 0.35 K (35 ueV)
(PHASE 2)
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Positron Accumulation from Na-22 source
2-Photon Laser Spectroscopy: AE (1S-25)
N (PHASE 2)
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Positron-Antiproton Recombination
in multi-ring trap
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ANTIPROTON DECELERATOR (AD)

=Y ey /) = 188 m long
o Antiproton Production,
Storage and Deceleration
3 - 0.005 GeV energy
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Original motivation

- (=1980):

" | Make antiproton beams

. for acceleration in the
‘SPS collider’ - to

 produce ‘vector bosons’ .

NOBEL PRIZE FOR TWO
CERN PHYSICISTS




ANTIHYDROGENPRODUCTION




energy source of:ithe future ?

E = mc? 1kg=9-10%J=29GW yr

101? antiprotons (102 g) ~ 30 MW - day

~ 10° kWh ~ 100 k€

1 g antimatter ~ 100,000,000 billion €

No antimatter mines!




PARTIGLE T RAPS

HOW A TRAP WORKS

particles forced on circular
orbits transverse to

direction of magnetic field
electrically : gnetic™

charged rings magnetic field

lines between
poles of magnet

electric field

(positive) particle
repelled by
(postive) voltages

Particles fired into such a ring system are completely trapped by the
electric and magnetic fields applied.




2002 - athena experiment

Trap for antiparticle storage




First production of more than
1 million antihydrogen atoms




2002 - athena experiment produces
1 million@antinydrogen atoms

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




ANTIMATHER
A DANGERQUSIWEARPGON 7

E = mc?

b il N = Onllawnnl bl i)

0.5 g antimatter + 0.5 g
matter

Cost: 50,000,000 billion €

roduction time: ~ 3 billion year

Hiroshima Atomic Bomb




2002: STILE AILLOT OF HEADLINES,
ANDAS A BY-PRODUCT

#1 NEW YORK TIMES BESTSELLING AUTHOR
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DAN BROWN

THE DA VINCI CO
was broken,

the world lay at the
mercy of

ANGI
DEMONS

Robert Langdon’s first adventure %; b
‘llﬁm:‘n

LEONARDO Promotion to ‘CERN demon’
VETRA (thanks, Dan)

O, «DEMONE»

Lo scienziato che nell’ultime romanzo di Dan Brown catiura
I'antimateria esiste veramente. A Newton, che lo ha incontrato nel
suo laboratorio, spiega dove arriva la scienza e inizia la fantasia




other-uses ot antimatter

Positron Emission
Tomograph

2-Huon

2.deoxy-Dglucose

“FDG"

- Hucragen

Tumour treatment
with antiprotons ?

Thank you

for your attention
( CERN experiment AD-4/ACE )




