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Hence the symmetry between up, dowr
bl and strange quarks is not exact
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The flavour symmetry ﬂimplies that there exists a unitary
matrix such that :
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Figures taken from Prof. M.A. Thomsons’s, Michaelmas 2010 lecture r
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Figures taken from Prof. M.A. Thomsons’s, Michaelmas 2010 lecture notes



[ Quantum Chromodynamics j

(QCD)

Invariance under SU(3) local phase
transformation

suppose we know the Gell-Mann matrices, then we can construct a
transformation of the form:

Y — yexp(iA.okx))

vector K 8 spin-1 gauge bosons
in 8 Gell-Mann matrices
colour

space \unarks carry colour charge (red, green, blue)

anti - quarks carry anti-charge

Due to the SU(3) symmetry, the strong interaction is the same
for all three colours



ONLY COLOUR SINGLET STATES EXIST(colour
confinement)
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Figures taken from Prof. M.A. Thomsons’s, Michaelmas 2010 lecture notes



Gluons

Since gluons carry colour charge, there are 9 states they could potentially
exist in:

octet + 1 colourless singlet

"~

this would behave like a photon ---- not observed
the strong force is short range !!!!
SU(3) symmetry

Gluon'gluon triple-gluon quartic-gluon
interactions in i vertex
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Figures taken from Prof. M.A. Thomsons'’s, Michaelmas 2010 lecture notes
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Figures taken from Peter Richardson , IPPP Durham lecture c



Electroweak Unification

Why do we need
this ?

nlﬁﬂ 160 170 180 190 200 210

V5/GeV

Figures taken from Prof. M.A. Thomsons’s, Michaelmas 2010 lecture r
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The previous steps only work for massless gauge bosons
( like the photon) !!!
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Idea and pictures taken from Rheinhard Schwienhorst, University of Virginia Physics Colloquium,
11/2/2007



Problems with the standard
model

1. Too many free parameters

2. Why does nature choose these particular
symmetries ?

3. Where does the matter/anti-matter
discrepancy come from ?

4. How can we incorporate gravity ?
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