
LECTU
RE 5:   Spontaneous Sym

m
etry Breaking  (Part I)  

      O
verview: 

                       -M
otivation

                       -SSB for discrete sym
m

etry

                       -SSB for continuous sym
m

etry

                       -H
iggs M

echanism
 (A

belian case)

                                                                                             
                         (This lecture m

ostly follows Q
uigg Chapters 4-5)                       

                              
                    
   



M
otivation (som

e history)

~1910s: observation that electron spectrum
 from

 beta decay is
              not continuous

~1930s: Pauli proposes the neutrino
              to explain spectrum

              Ferm
i proposes field theory for

              beta decay in analogy to photon em
itted

              from
 atom



~1950s: theta-tau puzzle.  Two particles with sam
e width and m

ass
              but with two different decay processes:
                                              Parity violated??

              Lee and Yang propose test of spacial parity in weak interactions

              W
u et al. confirm

 parity is violated (violation is m
axim

al)

 











Spontaneous Sym
m

etry Breakdown

Continuous sym
m

etries of the Lagrangian lead to conservation laws

A
pproxim

ate conservation laws can arrise if Lagrangian is im
perfectly

sym
m

etric

O
R

Lagrangian can be exactly invariant under som
e sym

m
etry but the 

dynam
ics im

ply a vacuum
 that is not invariant under the sym

m
etry

Exam
ples include buckling needle, ferrom

agnet etc.

Rem
em

ber that explicit m
ass term

s violate local gauge invariance of
the Lagrangian.  W

e need a m
assive boson and we want to keep

local gauge invariance (renorm
.).


























