
 

5 Spontaneously broken global symmetries

Consider a symmetry Hf which acts
linearly on fields
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quantum effective action will have the

same symmetry
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For the vacuum the expectation value of 4
must be at a minimum of the vacuum

energy THI e.g at load I Ca constant

If Lott To we say the symmetry is broken
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Specialize to the case of a spontaneously
broken continuous symmetry see picture

theorem
the spectrum of physical particles
contains one particle of zero mass

and spin for each broken symmetry
Proofi
suppose the action and measure are

invariant under
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with itum a finite real matrix
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For translationally invariant theory with
constant fields oh we have
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where V is the spacetime volume



eq i becomes
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Differentiating further with respect to degives
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Now specialize to the case where lou is at
a minimum of VCol
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of propagator
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If the symmetry is broken i.e tunoIto
then eigenvector of II with zero eigenvalue

Ane has a pole at g
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Rank of residue dim to l te generators
are mass less boson for every independent
broken symmetry
Goldstone boson
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Exampfer
Consider set of N real scalar fields du with

Lagrangian
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invariant under group OCN rotating du

Effective potential for constant fields
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suppose g is positive Then if m2 is positive
minimum of Vol is at 4 0

invariant under 0cm

If u Lo minimum is at oI with
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mass matrix at tree approximation
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one eigenvector In with non zero eigenvalue
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and N I eigenvectors perpendicular to OT

with eigenvalue zero

explanation
OCN is broken to OCN l subgroup leaving
0T invariant so the number of broken
symmetries
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Another proof for existence of Goldstone bosons
Proof

any continuous symmetry leads to conserved
current 2J o
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with a charge Q fdsxjocx.co satisfying
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vacuum expectation value becomes

Lyft Drac
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where we have defined
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Lorentz invariance gives
pi p papi pmoCpo
PT p p C pyoCpg

Of duh Eyaldu Ivi G xiii

Fucus Atf Tier



where It is the familiar function
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