
2. Higgs phenomenon in 5h12) ✗ V11)
a) Vacuum Manifold :

Lets Minimize V11-11=711-1+1-1 -%)
Note that VIH) 40

,
thus if V11-11=0

,
then His at

the minimum of V.

V1 1-11--0 ⇒ 1-1+1-1 - ¥ = 0
1-1+1-1 =¥

Then
,
the constant field configurations 1-11×1=1-1

,
such that

H+H= ¥ ,
minimize thepotential. The set of allsuch

configurations, up to gauge transformations, is the Vaccum .

manifold :

all -- { 4=4%11 Hice, HtH=É}/G.
where 6=521121+241) . /Note : H andH '

are equivalent if there is a gauge
transformation g.C-G. suck that H'=gH. )

Remark : Since we wont tominimize the total
energy, Wai and Bu

are pure gauge config . rations . For simplicity we set them Wii
"

= Boii'=O .
Lets choose a ground state, namely It :'(0%) (known as
unitary gauge) . An unbroken generator, Q, is a Hermitian
matrix such that

QH '" = 0 (equivalently ÉQH
'"
=

-H
")

For our specific choice tunitorg gauge/, with Q :( I %) :

lab 'all:/a) = 18)
⇒ c=d=O

,
and from Hermiticitg a-4

,
o_O (setting

Tr[QQ]=2 ) =p Q= Yo 8) = -13 1- Y



where 1-3--03-2=1-218 9) , 9=1-218
:

) .

Thus
,
we see there is only one unbroken generator

and correspondingly an unbroken subgroup Ulla

b) Lets now write the potential around H'%
H = trzvth )

1-1+1-1 = I lvth )
-

⇒ V11-11=711-1+1-1 -¥5
= Huh -1 ¥12
=EEK-11044k¥
=m¥h ' → mn=Ftv

Vlh) = m÷h
'

+ mz÷ his + mg÷h
"

c) DmH=2mH+[_i9zW:( 9 f) - e-
g- WH:

-

;)
- iz w:(89 ) - i Iz Bufo

°

,)]H
↳ Dn 1-1=1-1%1 win - ink ) ( wth)-¥18Bn- gwsmllvth ) + ¥2k)

Lets introduce t.i.NL, 2-hand Am :

Wait = ¥ ( wit ink)
Zm = g¥g, 191N'm - g

'

Bn)

Are g¥g( g. Bat g- Aoi)



In terms of Wait, 7
"
and Am , the covariant derivative is now

↳ Dat = (
-

i9¥ Wai

za
vz) +(

→ 9 With

fg2µh 1- iF+9→ I g-+ giz
are

Zm)
r

and thekinetic term becomes ( to the quadratic port)

[DmHY 4TH)ÑE2mh2mh 1- FEI Weiwei
-

+ Her-19
"

)vYzñ.
4

From the above
,
we conclude that WI, WI and Z acquire masses

mwt. and mz , respectively .

d)

Mn = RI v

mw¥ Iz v

mz=T§ v.

MA = 0

We conclude by Samorizing the symmetry breaking pattern :
52h2) ✗V11) • UH)a
13 generators 11generator ) → 1 generator Am → It remains massless
war Bm

-13 would be Nambu - Goldstone Bosons
.

↳ They end up being Eaten by
Wi , Wi and Zm

I


