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The massless NG boson characterizes a continuous SSB
The massive Scalar boson measures the rigidity of the vacuum
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Local abelian symmetry

II. THE BEH MECHANISM

- From global to local symmetry

L = ∂µφ∗∂µφ − V (φ∗φ)

U (1) symmetry is GLOBAL

———————

L = Dµφ∗Dµφ − V (φ∗φ) − 1

4
FµνF

µν

φ → φeiα(x) Aµ → Aµ +
1

e
∂µα

$
Dµφ = ∂µφ − ieAµφ ; Fµν = ∂µAν − ∂νAµ

U (1) symmetry is LOCAL

Generalization to G:

LG = (Dµφ)∗A(Dµφ)A − V − 1

4
Fa

µνF
aµν

(Dµφ)A = ∂µφA−eAa
µT

aABφB ; Fa
µν = ∂µAa

ν−∂νAa
µ−efabcAb

µA
c
ν

G symmetry is LOCAL

———————
Conservation laws ↔ Global symmetry

↓
Local symmetry

↓
Long range fundamental interactions (electromagnetism, Y-M(?)

︸ ︷︷ ︸

, gravity)

renormalizable

Short range fundamental interaction ?















Break the symmetry
$

Local symmetry cannot be broken!!!

 

II. The symmetry breaking mechanism for gauge fields

 1. From global to local symmetry

Dµ� = @µ�� ieAµ� Fµ⌫ = @µA⌫ � @⌫Aµ

L = Dµ�⇤Dµ�� V (�⇤�)� 1
4
Fµ⌫Fµ⌫



Local abelian symmetry

II. THE BEH MECHANISM

- From global to local symmetry

L = ∂µφ∗∂µφ − V (φ∗φ)

U (1) symmetry is GLOBAL

———————

L = Dµφ∗Dµφ − V (φ∗φ) − 1

4
FµνF

µν

φ → φeiα(x) Aµ → Aµ +
1

e
∂µα

$
Dµφ = ∂µφ − ieAµφ ; Fµν = ∂µAν − ∂νAµ

U (1) symmetry is LOCAL

Generalization to G:

LG = (Dµφ)∗A(Dµφ)A − V − 1

4
Fa

µνF
aµν

(Dµφ)A = ∂µφA−eAa
µT

aABφB ; Fa
µν = ∂µAa

ν−∂νAa
µ−efabcAb

µA
c
ν

G symmetry is LOCAL

———————
Conservation laws ↔ Global symmetry

↓
Local symmetry

↓
Long range fundamental interactions (electromagnetism, Y-M(?)

︸ ︷︷ ︸

, gravity)

renormalizable

Short range fundamental interaction ?















Break the symmetry
$

Local symmetry cannot be broken!!!

 

II. The symmetry breaking mechanism for gauge fields

 1. From global to local symmetry

Dµ� = @µ�� ieAµ� Fµ⌫ = @µA⌫ � @⌫Aµ

L = Dµ�⇤Dµ�� V (�⇤�)� 1
4
Fµ⌫Fµ⌫

Local non-abelian symmetry
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The fate of the massless NG boson

Apparent breaking is with respect to a preferred vacuum orientation
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