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G ¢ Abelian gauge theory to understand the Higgs mechanism
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• M2 co : → Mexican hat potential :

Degenerate minima with non - Zero vacuum expectation value ( VEU)

Oo := Lol > and v :-. 10.1 = VIII to
→ Ground states are not symmetric under glalal phase rotations

→ Spontaneous symmetry breaking (SSB) of the global UK) symmetry



4. Aside : The Goldstone Theorem

'

÷÷÷÷÷÷÷÷÷÷÷i÷÷÷:÷÷÷i:÷÷
"

Proot"T""

v±¥
→

Exaup

• Breaking of translational and rotational invariance in crystals → Transversal and

longitudinal phonons
• Breaking of rotation symmetry in a ferromagnet

→ Magnus (= Spin waves )



Exception

In conventional superconductors flee glolal Uk) symmetry is broten spontaneously
(⑤ Ginzburg - Landau theory) - but there is uosGo¥ bacon !

→ How can the Goldstone theorem fail ?

→ Answer : Gauge symmetry E- Higgs mechanism !
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• he) : Higgs field

• Y 61 : Goldstone boson
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Note : Still gauge invariant under gauge transformation

Tf -- ft X and In -

- Au - Edna and I -- 4
#

G. Fix the gauge in the unitary gauge ¢ ¢* (⇐ y o) with the gauge transformation
& = - 461

OTH - e-
"
¢ and In -- Anthony



→ a-Itz.jhter.ci#I.?eg..eju.IYe,
→ Goldstone made Y Gai disappeared!

treason tf is a pge d. o . f. and therefore not physical !
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Note

• We have seen that the Goldstone theorem is not valid for gauge theories

• The Higgs mechanism also describes conventional superconductivity as spontaneous
UX ) symmetry breaking in a charged superfluid (⑤ Ginzburg - Landau theory) .
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. C) Small fluctuation around do and introduce the new real fields 661 , Ycx) and Bee Cx) :
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→ Gauge transformations :

F -- ft x → pure gauge

✓ =L → gauge invariant

§µ=Bµ → gauge invariant
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• Gauge d. of. Y drops out ( unconstrained by the Lagrangian )
• L is Wani feeny gauge - invariant

• Bm is a mauve vector base a

• h is a massive Higgs mode

J . Tabe-Howe-bge:
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Noted

The Higgs mechanism can be straightforwardly generalized toeing symmetries
.


