Fundamental Particles

Leptons
Leptons are fundamental particles.  There are 12 leptons, 6 particles together with their antiparticles.

Leptons interact through the weak interaction and the electromagnetic interaction if they are charged.
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Leptons are not baryons (so B=0) nor are they mesons, since they do not consist of quarks.
The antiparticles have the same mass, a non-zero charge is opposite in sign and a non-zero lepton number, L, is opposite in sign.  Lepton numbers are conserved in all interactions.

The lepton number of all hadrons and gauge bosons is zero.

The electron is stable – because there is no lighter particle into which it can decay.
Quarks

There are a possible total of 12 quarks, each with a different flavour.
These are up (u) down (d) strange (s) charmed (c) top (t) and bottom (b), together with their antiparticles
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The numbers representing the Charge (Q), Baryon Number (B), Strangeness (S) of the u, d and s quarks together with each antiquark are summarized in the following table.
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Hadrons are formed from quarks and interact by way of the strong, weak, electromagnetic and gravitational forces.  (They are characterized by their strong interaction.)
Hadrons fall into two categories.

Mesons are formed from a quark-antiquark pair, i.e. 
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Baryons are formed from 3 quarks or 3 antiquarks, i.e. 
[image: image38.wmf]q



 EMBED Equation.3  [image: image39.wmf]q



 EMBED Equation.3  [image: image40.wmf]q

 or 
[image: image41.wmf]q



 EMBED Equation.3  [image: image42.wmf]q



 EMBED Equation.3  [image: image43.wmf]q

.

All baryons have baryon number (B) = 1.

All antibaryons have baryon number -1.

All leptons, antileptons, mesons and antimesons, not being baryons have baryon number 0.

Hadrons (Mesons and Baryons)

Hadrons are formed from quarks and interact by way of the strong, weak, electromagnetic and gravitational forces.

Mesons

Mesons are quark-antiquark pairs, e.g. 
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Many combinations are possible.

Some combinations are shown in the table.
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Baryons

Baryons are 3 quark combinations, e.g. qqq
Antibaryons are 3 antiquark combinations, e.g. 
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Some possible combinations are shown in the table (there are many other combinations).
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All baryons have baryon number (B) = 1.

All antibaryons have baryon number -1.

All leptons, antileptons, mesons and antimesons, not being baryons have baryon number 0.

Similarly, all hadrons have lepton number zero.

Baryon number, charge number and lepton number are conserved in all reactions.

Strangeness is not conserved in the weak decay process but is conserved in a strong production reaction.
The most stable baryon is the proton. Protons can decay into neutrons by emission of a positron or by the capture of an electron.  All other baryons decay either directly of indirectly into protons.

Mesons decay, either directly or indirectly, into photons or leptons.

Feynman Diagrams

These are a convenient way of representing a decay processes together with the gauge boson mediating the event.

Conventionally, upwards represents time and horizontal distance space, but no scale is intended in the diagrams.

Here are a few that should be learned – they could well appear in the examination papers.

Beta decay (involving a weak interaction)
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 or in terms of quarks 
[image: image84.wmf]ν

e

uud

udd

-

+

+

¾

®

¾



[image: image85]

 SHAPE  \* MERGEFORMAT 
[image: image86]
Conservation of Q, B and Le and S:


Q:
0 → 1 + (-1) + (0)
or 0 → 0


B:
1 → 1 + (0) + (0) 
or 1 → 1


Le:
0 → 0 + (-1) + 1  
or 0 → 0

Others include

Positron decay
Electron Capture
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 SHAPE  \* MERGEFORMAT 
[image: image88]
Q:
1 → 0 + 1 + 0
or 1 → 1
Q:
1 + (-1) → 0 + 0
or 0 → 0
B:
1 → 1 + 0 + 0
or 1 → 1
B:
1 + 0 → 1 + 0
or 1 → 1
Le:
0 → 0 +1 – 1
or 0 → 0
Le:
0 + 1 → 0 + 1
or 1 → 1
Interaction between electrons
Interaction between p and 
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(detection of the antineutrino)

 SHAPE  \* MERGEFORMAT 


 SHAPE  \* MERGEFORMAT 



Q:
-1 + (-1) → -1 + (-1)
or -1 → -1
Q:
1 + 0 → 0 + 1
or 1 → 1

B:
0 + 0 → 0 + 0
or 0 → 0
B:
1 + 0 → 1 + 0
or 1 → 1

Le:
1 + 1 → 1 + 1
or 2 → 2
Le:
0 + (-1) → 0 + (-1)
or -1 → -1

Remember that both momentum and energy are also conserved.
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virtual photon
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