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What is matter?
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SOLUTION: contains a square root

𝑥! = 4
𝑥 = +2 𝑥 = −2
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Positive solution:
Positive energy
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Negative energy
Opposite charge (and same mass)
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IMAGE: CERN DOCUMENT SERVER
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1932 – The ‘positron’ 
discovery

IMAGE: CERN DOCUMENT SERVER Carl Anderson
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𝐹 =
𝐺𝑀𝑚
𝑟!

What 

What is the force between the weight and the Earth?

𝑀

What is the acceleration of the weights?

𝐹 = 𝑚𝑎
𝑎 = "#

$!
≈ 9.81	m/s^2

Einstein
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F. C. Witteborn and W. M. Fairbank, Experimental Comparison of the Gravitational Force on Freely Falling Electrons and Metallic Electrons, Phys. Rev. Lett. 19, 1049 (1967).

William Fairbank

POSITRON

-
ELECTRON

• No WEP-breaking process has 
ever been found.

• WEP violation could solve the 
matter antimatter asymmetry.

• The Weak Equivalence Principle 
(WEP) insists antimatter will fall 
in exactly the same way as 
normal matter.
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Where does ALPHA get their positrons from?

Naturally: Radioactivity! Beta plus decay of 22Na
22Na à 22Ne + Positron
Proton à Neutron + Positron

PROTON

+
POSITRON

+ +
NEUTRON

0



• Positrons come from a really strong radioactive source: 2 Gbq

What does 2 Gbq mean?
 2,000,000,000 radio active decays per second…
 

Where does ALPHA get their positrons from?
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a) 2 million bananas
b) 2 million tons of bananas
c) 2 billion tons of bananas
d) The weight of the moon in bananas
e) The weight of the sun in bananas



How many bananas is 2 Gbq?

a) 2 million bananas
b) 2 million tons of bananas
c) 2 billion tons of bananas
d) The weight of the moon in bananas
e) The weight of the sun in bananas

c) ~2 billion tons of Bananas [1]

[1] - http://tertiarysource.net/ts.cgi/anti-banana



Where does the AD get antiprotons from?
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The Bevatron in 1958 (Image: Lawrence Berkeley National Laboratory)

Antiproton Discovery: Chamberlain and Segre 1955







Trapping Charged Particles
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John Malmberg

Frans Michel Penning

[1] ALPHA, Evaporative Cooling of Antiprotons to Cryogenic Temperatures, Phys. Rev. Lett., 105 013003, (2010).
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𝒗 ≈ 𝟕𝟎	𝐦/𝐬
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|𝐵|(𝑇) 1.02.2

4cm

Upper coil

Lower coil

𝑈%	 = 𝜇|𝐵|

octupole



𝑈 = 𝜇 𝐵 +𝑚𝑔ℎ

𝑈

ℎ
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Simplified 1D On-Axis Model
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What we have learnt

• What is antimatter?

• Why do we care about antimatter?

• How do we make antimatter?

• How do we test whether anti-gravity exists?



What next?






