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Symmetries play a central role in particle physics;
one aim of particle physics is to discover the
fundamental symmetries of our universe.

We will first discuss the basic idea of symmetry in
this lecture and then apply it to the quark model later
with the aim of
» Deriving hadron wave-functions
» Providing an introduction to the more abstract
ideas of colour and QCD
» Ultimately explaining why hadrons only exist as
qq (mesons) qqq (baryons) or qqq (anti-baryons)
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Symmetries and Conservation Laws

% Suppose physics is invariant under the transformation
Y — lI[’ = 01,/ e.g. rotation of the coordinate axes

*To conserve probability normalisation require
(Wly) = (W|y') = Oy|Oy) = (y|U0|y)
= U0 =1 i.e. [ has to be unitary

*For physical predictions to be unchanged by the symmetry transformation,
also require all QM matrix elements unchanged

(v|H|y) = (V|H|y') = (y|UTHT|y)

i.e. require UA0 =H
xU JUTAO =0A =-» HU =UH
therefore [#,0]=0 | U commutes with the Hamiltonian
*Now consider the infinitesimal transformation ( € small)
U=1+ieG

( G is called the generator of the transformation)



*For (_7 to be unitary
00% = (14ieG)(1 —ieG") = 1+ie(G— G") + 0(?)
neglecting terms in €2 UUT =1 == G=0GF
i.e. G is Hermitian and therefore corresponds to an observable quantity G !
*Furthermore, [H,0]=0 =[A,1+ieG]=0 = [H,G]=0

d, A A
But from QM E<G> =i([H,G]) =0

i.e. G is aconserved quantity.

|Symmetry «=p Conservation Law|

% For each symmetry of nature have an observable conserved quantity
Example: Infinitesimal spatial translation x — x+ &€
i.e. expect physics to be invariant under y(x) — ¥’ = y(x+¢€)
V) = vt e) =+ Gre = (1465 ) vl
but  p=—ig = Y'(x)=(1+iep)y(x)
The generator of the symmetry transformation is Py =» pyis conserved
*Translational invariance of physics implies momentum conservation !

40 A



¢ In general the symmetry operation may depend on more than one parameter

0=1+i.G
For example for an infinitesimal 3D linear translation : F—F+E

* So far have only considered an infinitesimal transformation, however a finite
transformation can be expressed as a series of infinitesimal transformations

U(a) = lim (1 +ig.é) = @G
n

n—oo

Example: Finite spatial translation in 1D: X — x+xo with U(x) = o
A d 2
V(x)=y(x+x) = Uy(x)=exp (X()—) y(x) (p,\- - lax')

_ d ()d—
= (1+ ot T )w()

_ dy )d 14
= y(x)+xo +2 a2

i.e. obtain the expected Taylor expanswn
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