
LECTU
RE 6:   Spontaneous Sym

m
etry Breaking  (Part II)  

      O
verview: 

                       -Recap of A
belian case 

                       -Ginzburg-Laudau

                       -H
iggs M

echanism
 (non-A

belian case)

                                                                                             
                         (This lecture m

ostly follows Q
uigg Chapters 4-5)                       

                              
                    
                                                            



H
iggs M

echanism
 (A

belian case recap)

W
e saw that spontaneous breaking of a continuous sym

m
etry leads

to m
assless bosons (Goldstone bosons).  W

e expect one m
assless

boson per broken generator.  

W
e saw however that in the case of a local gauge theory, the 

m
assless

gauge boson and the m
assless Goldstone boson conspire to give us a

m
assive gauge boson without the m

assless Goldstone boson.

In the case we studied, we had before sym
m

etry breaking:
    2 scalars:                         2 degrees of freedom
    1 m

assless vector boson: 2 degrees of freedom
     

                                                                                         Total =4
A

fter breaking we had (explicit in unitary gauge):
         1 m

assive vector boson: 3 degrees of freedom
         1 m

assive H
iggs scalar:  1 degree of freedom

        Total =4



• • • • 
C

ooper pairs form
 B

E
C

 condensate below
 T

c  ~
10

0-10
2 K

. C
ondensate disturbed by E

M
 field

• • • • 
Short range force, attenuation length ~10

-6cm
• 

equivalent to photon acquiring a m
ass

E
lectrow

eak sym
m

etry breaking:

• • • • 
H

iggs condenses below
 T

c  ~10
15K

. C
ondensate 

disturbed by gauge bosons 
• • • • 

Short range force, attenuation length ~10
-18cm

• • • • 
W

/Z bosons acquire m
ass

M
eisner E

ffect:
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Due Date: Monday 20th of October 
at 13:00
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