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The Dirac equation

In this set of data the background was taken to be when the IR laser is tuned off-

resonance, in this way the signal is a measurement of the 2P → 𝑛d/𝑛s

transitions.

This equation was famously derived by Paul Dirac, he was looking for an equation that could describe the electron (and all other

spin-1/2 particles) fully, since the electron is responsible for most chemical properties of atoms. By solving this equation one can

achieve this goal, however, this equation can have two solutions, one of which implies that the particle being described should have

negative energy, and opposite charge of the electron. At first, people though this was an artifact of elegant mathematics, or that the

other solution was meant to describe protons, however, it was soon realized that the other solution was describing an “anti-particle”,

identical in every way to a regular particle, but with opposite charge, and with the added property that if it comes in contact with its

“normal” counterpart, they should both annihilate into energy (most of the time in the form of photons).

The first observation

of antimatter

experimentally was

done by C. D.

Anderson through

the detection of

electrically charged

particles leaving a

trace when travelling through a vacuum chamber. It was

possible to determine that the trajectory shown must be

caused by a particle of equal mass as that of the electron,

but since a magnetic field was being applied, the trajectory

of the particle should be opposite, unless it is positively

charged, thus it is an inevitable conclusion that the trace

shown was left by the antimatter counterpart of the electron,

the “positron”. In this particular experiment this positron was

created when a very energetic cosmic ray (probably coming

from a supernova or a black hole) happened to randomly

generate this event. In future work, new methods of

producing antimatter were developed.
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Currently, the easiest way to study antimatter, is to

obtain it through β+ radioactive decay. Some naturally

occurring isotopes, like 22Na, produce positrons

constantly, we can use these positrons to create exotic artificial

atoms that are made of an electron and a positron, bound to each

other by the Coulomb force, this atom is called “Positronium” and it is

the main focus of our research at UCL. Below you can see

experimental data that shows the quantum structure of Positronium

ad a function of the wavelength (and thus, energy) of the laser with

which it is probed.


