1. The Particles and their Properties.

There are two types of particles that are thought to be fundamental. That is, they cannot be broken down into any smaller constituent particles. These two types of particles are the leptons and the quarks. 

However, these can, under the right conditions, be converted into energy, or be formed from bundles of energy. Also, the heavier ones can decay into lighter ones, with the release of some of their energy. 

As the regions of the universe near us are now in a much lower-energy state than they were shortly after the big bang, only the lightest particles in each family are now very commonly observed. Others can be re-created by high-energy collisions, such as those produced in particle accelerators.

1.1 The Leptons

The most familiar member of this group is the electron, but there are also similar, heavier (and hence more energetic) particles called the muon and the tau. For each one of these, there is a smaller “partner” called a neutrino – the electron neutrino, the muon neutrino and the tau neutrino. Each of these 6 also has an antiparticle, for example, the anti-electron or positron. The leptons are all capable of independent existence.

1.2 Properties of the Leptons

The electron, muon and tau all have mass. The neutrinos have no mass, according to the Standard Model. However, there is some evidence that neutrinos do have an actual, very small mass. 

The electron, muon and tau all have electric charges of –1, and their anti-particles have electric charges of +1. The neutrinos have no electric charge.

All of the leptons have another property called “spin”. Their spins can be +½ or -½.

	Generation
	Flavour
	Mass (GeV/c2)
	Electric Charge

	First
	υ e electron neutrino

e electron
	< 1 x 10-8
0.000511
	0

-1

	Second
	υμ muon neutrino

μ muon
	< 0.0002

0.106
	0

-1

	Third
	υτ tau neutrino

τ tau
	< 0.02

1.7771
	0

-1


The anti-lepton symbols are: e+, μ+, τ+, υ e, υμ, υτ.

1.3 The Quarks

The quarks are not capable of independent existence, and are found only as groups, making up larger particles (called “bound states”). There are 6 quarks, called up, down, charm, strange, bottom and top. The “everyday” quarks are the up and down quarks. For each quark there is an anti-quark.

1.4 Properties of the Quarks

The quarks have mass and electric charge. The electric charges are either +⅔ or -⅓ for quarks, and -⅔ or +⅓ for the matching anti-quarks.

They also have spin of  ±½. There is also another property called “colour” charge, which comes in 3 varieties, red, green and blue. The anti-quarks have anti-colours: anti-red, anti-green and anti-blue.

	Generation
	Flavour
	Mass (GeV/c2)
	Electric Charge

	First
	u up

d down
	0.003

0.006
	+⅔

-⅓

	Second
	c charm

s strange
	1.3

0.1
	+⅔

-⅓

	Third
	t top

b bottom
	175

4.3
	+⅔

-⅓


The symbols for the anti-quarks are: u, d, c, s, t, b.

2. The rules that the particles follow.

This relates particularly to the grouping together of quarks.

The “bound states” must be colour-neutral. This means that only two types of groupings are possible; 3 quarks (or 3 anti-quarks), or a quark-antiquark pair. The particles of the first type are called baryons, and the most familiar examples are the proton and the neutron. The second type is the mesons. Together they are called hadrons.

As a consequence of this, the bound states must have integral charges (0, ±1, ±2).

There are also other rules, for example about spin, which must also be obeyed.

3. Some Familiar Particles

Example: The proton has a charge of +1. It is a baryon, so it is made up of 3 quarks. 

The up quark has a charge of +⅔ and the down has a charge of -⅓, so the only way to make a proton is uud. (⅔+ ⅔ - ⅓ = 1). 

Discussion Questions.

Determine the quark composition of the neutron, which is a neutral baryon.

Under normal (low-energy) conditions, the combinations uuu and ddd are not possible. Why not?

The delta particles are first generation particles. (They are similar to the proton and neutron, but with different spin arrangements.) Given that their names are Δ++, Δ+, Δo, and Δ-, find the quarks in each one.

The п+ is a meson with a charge of +1. Which first generation quark and anti-quark does it contain?

Now complete the chart of Generation 1 particles, by filling in the symbols.

4. Less Familiar Particles

There is a wide range of other baryons and mesons that are possible using the other quarks: charm, strange, bottom and top. The activities will familiarise you with these.

























