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Elementary particles

|
Fermions Bosons
Half-integer spin Integer spin
Obey the Fermi-Dirac Obey the Bose—Einstein
statistics statistics
| | | |
uarks and antiquark Leptons and Gauge bosons Scalar bosons
] antileptons Spin=1 2 .
Spin=1/2 Spin = 1/2 p , Spin=0
in= e sl .
Have color charge P . Force carriers sl <:3lla A (e Jysane
- ] No color charge 4. 3
Participate in strong gl
interactions . .
Electroweak interactions
iance Three generations:
Three generations: One kind:
1. Up (u), Down (d), 1. Electron (e-), Four kinds: | Higgs boson (HO)
2. Charm (c), Strange (s), Electron neutrino (ve), 1. Photon (y; electromagnetic interaction)
3.Top (t), Bottom (b) | |2 Muon (k-), — 2. W and Z bosons (W+, W-, Z; weak interaction)|
Muon neutrino (vp), R . .
(vh) 3. Eight types of gluons (g; strong interaction)

3. Tau (1-),

Tau neutrino (vo) 4. Graviton (hypothetical)(G; gravity)
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Standard Model of Elementary Particles

three generations of matter interactions | force carriers
(fermions) (bosons)
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Proton Neutron

Where do we get quark and
anti quarks from?

Introducing, the
PROTON...
Anfl, Introducing, the
antiquarks?... humble antiparticle

of the proton, the
ANTIPROTON...

A gluon (sound/Gloon) is a type of massless elementary particle that mediates the strong

interaction between quarks. Gluons are massless vector bosons, thereby having a spin of 1. Through the strong
interaction, gluons bind quarks into groups according to quantum chromodynamics (QCD),

forming hadrons such as protons and neutrons.

Gluons carry the color charge of the strong interaction, thereby participating in the strong interaction as well as
mediating it.

Because gluons carry the color charge, QCD is more difficult to analyze compared to quantum electrodynamics
(QED) where the photon carries no electric charge.

Gluons carry colour charge themselves e.g. rg gluon changes red quark into green quark. However, they have
combinations of color and anticolor, Like:

red—antired (rF ), red—antigreen (rg ), green—antigreen ( gg ), green—antiblue ( gb ), blue-antiblue (bb ). ...
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Confinement means do not observe free quarks; Quarks confined within hadrons.
Colour force between 2 quarks at “long” distances O(1 fm).
Separation of quarks requires infinite amount of energy.
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Why no free quarks?

The potential energy two electric charges:
U=-kqQ/r

The potential energy between two color
charges is Coulomb-like but has an extra
term:

U=-kqQ/r+Kr

The PE increases with distance!
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