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unleashed 'hell on Earth' in its latest
antimatter experiment

« Scientists have used a laser to tickle atoms of antimatter and make them shine @DaityMail Daily Mail

+ Researchers have spent decades to figure out how to create antimatter Follow
@dallymalitech Daly Mal

« This week they managed it, and trapped it for long enough to perform tests
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« Now a Christian "truther’ publication has called CERN the 'antichrist’ for
performing these experiments




What is antimatter?

For more than half a century physicists have
believed that the Universe is made of both
matter and antimatter....



Back in 1928...

Can these two be compatible?
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Back in 1928...

Can these two be compatible?

mﬁ ) = H D)

Yes! Even inside atoms electrons
have a speed limit.

Paul Dirac



The Dirac equation




The Dirac equation

The wave equation




The Dirac equation

The wave equation




The Dirac equation

The wave equation
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The Dirac equation

The wave equation
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Antimatter was born

Electron Proton
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Antimatter was born
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When matter meets antimatter...
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... annihilation!




Possible energy source?
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It is very very difficult to keep antimatter contained
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HISTORY OF THE UNIVERSE
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On the big Bang theory: For every one billion
particles of antimatter there were one billion
and one particles of matter. And when the
mutual annihilation was complete, one billionth
remained - and that's our present universe.

(Albert Einstein)
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One of the greatest puzzles in physics

Summary so far:

e We have discovered that each particle has a twin of opposite charge
e Particles are created in matter-antimatter pairs.

e We have no idea what really happened at the big bang.

ANTIMATTER’S WHEN DID THIS
GONE MISSING... HAPPEN, SIR?
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Can we make atoms out of antimatter?
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Yes! And it's happening right here at CERN!
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Centre
Européen pour la
Recerche

Nucléaire

European Centre for Nuclear Reseach
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Member States of CERN
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CERN is a world wide collaboration

e 15000 people
e 24 member states

e Instutes from > 80 countries!

MEMBER STATES
Austria 101

Belgium 172
Bulgaria 49
Czech Republic 231
Denmark 73
Finland 113
France 959
Germany 1331
Greece 138

Hungary 73

Israel 73 -
Italy 1549 pR—
Netherlands 173 \

Norway 89
Poland 281

Portugal 114
Romania 101
Slovakia 83
Spain 348

Sweden 110
Switzerland 510

United Kingdom 937 B ASSOCIATE MEMBERS

7608 Pakistan 45 OTHERS China 207 Iceland 4 Malta 8 Thailand 14

Turkey 131 Argentina 24 Colombia 18 Indonesia 9 Mexico 61 TFYROM 2

Ukraine 3] 207 Armenia 18 Costa Rica 1 Iran 31 Morocco 10 Venezuela 1

OBSERVERS Australia 39 Croatia 26 Ireland 7 New Zealand 9 Viet Nam |
India 199 & STATES IN ACCESSION £ Azerbaijan 5 Cuba 3 Korea 145 Peru 3
Japan 275 & TO MEMBERSHIP Bangladesh 4 Ecuador 2 Latvia 1 Saudi Arabia 1
Russia 1019 Belarus 23 Egypt 26 Lebanon | Singapore 3
USA 2002 @ Cyprus 5 Brazil 136 Estonia 17 Lithuania 22 Slovenia 21
Serbia 37 Canada 188 Georgia 27 Madagascar 2 South Africa 54

3495 52 Chile 19 Hong Kong 23 Malaysia 14 Taiwan 79 1309




Why CERN?

What happened at the beginning of the universe?
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Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
I II III
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CERN has the tools to study this stuff

To study the smallest things in the universe, you need the biggest machine on earth

® There are > 30 000 particle accelerators in the world!
® The LHC is by for the most powerful one
e Started in 2008

RIS A
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This is all we need to
produce and store

antimatter!




CERN has many accelerators...
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... but we only need a few

All experiments in the
Antimatter Factory make use of

antiprotons
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The Antihydrogen Laser Physics Apparatus (ALPHA)

Aim: Making precise comparisons between hydrogen and antihydrogen.
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... But making and storing antihydrogen is more
difficult than you think .



So what about the positrons?

Positrons are failry easy to obtain: use a radioactive isotope that is a f+ emitter

e Potassium-40 can be found in Bananas (15 positrons / sec)
e But sodium-22 works a bit better (1076 positrons / sec)

“Na — “*Ne+e" + v, + 7
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ALPHA-g: Gravitational

measurements

ALPHA-g
Atom Traps : '
ALPHA-II: Antihydrogen \ =
' spectroscopy '
Antiprotons —r Positrons
CT Stick
Antiproton | Positron
Catching Trap Interconnect Accumulator
AT Stick Magnet
[_' ,/'/,’
| /,/"
bl
6.70 m 5.75m 2.90m
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Making antihydrogen

Mix antiprotons and postitrons at low energy using a charged particle trap.

Octupole Electrodes

# h 6 million
positrons

Mirror coils —
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Making antihydrogen

200 000 antihydrogen atoms made! But now we have to hold on to them...

Octupole Electrodes

=F
I
T
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T

—  Mirror coils
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Antihydrogen in a bottle

(Anti)hydrogen atoms have zero charge: One positive and one negative particle.

Atoms are neutral and have a little internal magnetic field

And you need a strong magnet!
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Antihydrogen in a bottle

(Anti)hydrogen atoms have zero charge: One positive and one negative particle.

Atoms are neutral and have a little internal magnetic field

And you need a strong magnet!
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Most of them go too fast and hit the wall. We loose the majority of atoms...




y (mm)

~-200

But the ones that are slow (cold) enough, can be trapped!
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Trapping rate has been increasing ever since
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Antihydrogen Trapping in ALPHA
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Congratulations! You have trapped antimatter atoms!

How do you know you have it? How do you study it?
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What atom do we have in our trap?

Mercury ' '

Helium | . | H '

Sodium




Hydrogen

Does antihydrogen have the same spectrum as regular hydrogen?



Laser spectroscopy of antihydrogen
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243 nm photon

243 nm photon
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3rd photon ionises the atom and the antiproton falls
out of the magnetic trap
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Detecting antihydrogen

JU vertices

B=1T

Silicon vertex detector

All measurements are destructive
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1S-2S spectroscopy of antihydrogen

Normalized signal
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Measured : 2 466 061 103 079.4 (5.4) kHz
Expected (hydrogen) : 2 466 061 103 080.3 (0.6) kHz
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1S-2S spectroscopy of antihydrogen

Normalized signal
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Measured : 2 466 061 103 079.4 (5.4) kHz
Expected (hydrogen) : 2 466 061 103 080.3 (0.6) kHz

Precision : 2 x 1012
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What about gravity?

g =981 m/s"2
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What about gravity?

g = 9.81

m/s"2
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Do matter and antimatter behave
the same in a gravitational field?



ALPHA-g
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ALPHA-g: Results

Pdn
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ALPHA-g: Results

a, = (0.75x£0.13 £0.16)¢

1 g =981 m/s"2 downwards

Consistent with downward gravitational acceleration of 1g for

antihydrogen
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Timeline of physics at ALPHA

First observation Measurement of
Discovery of First cold First trapped Microwave 1S-2S spectral gravitational

antihydrogen j antihydrogen antihydrogen experiments line acceleration

1996 2002 2010 2012 2016 2018 2023

Laser cooling of

antihydrogen
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Reminder: the LHC is a big machine (29 km)
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The Future Circular Collider will be 100 km long
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Opportunities at CERN
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Opportunities at CERN
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Opportunities at CERN

positions

Can't
Imagine a
better way

to spend my
summer

Opens for applications in the Autumn,
Selection in March
Open to Non Member State students

Summer Student
Programme

FIELDS:

ELIGIBILITY:

LENGTH:

FEATURES:

Physics, engineering, computing

3 years of full-time studies at university level

8 to 13 weeks, during the summer

High-quality lecture programs

A technical project with a CERN
supervisor, visits and workshops

Living allowance, incl. health insurance

Accommodation in CERN hostel




Opportunities at CERN

Technical Student

positions
Programme
It's a great FIELDS: Applied physics, engineering, computing
place to start a
career, it's a greOT LENGTH: 4 to 12 months
place to learn new
skills an make ELIGIBILITY: 18 months of technical undergraduate studies
new friends
Selections in May and December FEATURES: A technical project with a CERN supervisor

A living allowance, incl. health insurance
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