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SUCH case : Vk (SVG) ) = 1-⇒ e- invariant

Te EZ is only inionout{ Tz Eh a- Ee {2) 2
TEE } = 0

↳ Cheon with Pali

SUG ) case : ru⑤(3) ) = 2 → 2 invariants
atmost

Adjoint → Gell - Moeen Notices

Tie EZ → invariant

Tae E3 → invariant



Ta E
"
✗ He 5) 2-☐ can check explicitly

Wendt about det E in bdrh soca) & Socs) ?

det [ → det UtEU = olet 2-

Is it new imvoriout ? You can check

explicitly that it is not (dimensionality
arguments give det Esocz, ✗TE EZ ,

olet Ese,>✗Tad which turns

out to be True)
• E & E

→ Te EZ F- +Io & Iot[ Io &#EZE
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EE→ Iot u+uEU+uEU+uE =☒+2¥ ✓

④Higher dimensional invariants are not included due
to eeuormoliaobiliry requirement

④ {→ -E ⇒ Zz symmetry forbids Tae E-& III



Problem 2
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• 0 8¥. = -iieii-dceieijyi-eifiii-l.ee ie:))

loool maximin : Yi = 0

global minimum :(eieij = o
'
v
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↳ venue moaifold is 2 - dimensional sphere

④ Choose any point of sphere as ground state

let = 0,42=0 , 43=0

→ After SSB , residual rotation in first 2 confound
SO (2) i. e.

et → e
'

cos ✗ - I sired

e-→ e-sima - e
'
cost

63-3 ✗ 3



SIB ÷ Lagrangian obeys symmetry , vacuum does not

Goldstonésth : For
every spontaneously broken

continuous symmetry , theory must contain
a massless particle → Nanbu Goldstar

To endnote moss spectrum we evoleeote curvature at

global minimum

→ 3 leg 3 Matrix%¥ei1*e:)
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,
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Io = (§§a ) ⇒ Mei ⇒ tot
, Mo,=Moz=0

• Generators : (Ti );u= - i Ei;w

Tz&= - i Ezju Iie = - i ↳ jw 83kV
✗ Ezj3=0

Test = - iE±jz 0--10

Similar Taito

• Gauge Theory :

one → DAE
Dee = On - igAu= @ + GAIT

L = ICD, IF@
"
I) - v ( Io) - f- FM

"
Fat

→ Write down each term explicitly
Lo ¥ HERE)T(Arbib☒ )

↳ evolute @ E-(F) to read of gauge man



E- CAFTA)T(Ambrb E) =

⇒ gig Ape Amb E•J3w Ebisu = gig v2 [4,72+4,42]
= E Mais AYAM

b

⇒ was = MA, = go

Ma
,
= o

• expected The NG .

bosons are adieu by
longitudinal dof .



Port II

✓= - E?Iit dig ☒ IF:)
'

+§ III. BEEat

+ ¥⇐I☒Ñ
Choose E? -- (g) , €i= v. (go.gg/n

>
choice booed
on Eesioleeol

e- Sylve .

i.e. SOG) ¥5 Soca) É ?

only du term is sensitive to 9 in potential

V0= flik, is) + du Vivi cos-9

→ 2 cases du > 0 & da <0

a) In > 0 → minimum @ cos9=0

⇒ Ei = (E) SOLD → 5012) → 1
Iai ☒oh

b) du so → minimum @ sing -_ 0

⇒ ☒i=(F.) ⇒ sots)¥É soca)



2) a) Symmetry breeding pattern ⇒ 3 NG bosons

SOG ) → 1

☒ = & ) , 8-2=(0%-12)
OF hi, Gu

& expand potential up to quadratic order
in The fields . Man matrix is :

Gt Gz 6> Gu
O O O O⇐

(Oz 0 Javi 0 davis ) ④ (LoL MIbG%b)63 °
O O O

on 0 duomo duo!

Where extreme conditions are µI=dÑ + dzoi
nitwit t.ve?

⑦ hos 3 Bero eigenvalues while e non tent

→ d. (vii. vi)

The associated eigenvector (diagonolirotee)
are



Gt
, Gs , Oz_¥÷z

→ massless

&

Ve_GGz
atom

mobile m= t.co#yy

For his moss matrix reads
he hz

be
, ( the? tzoe.lk

hi tsoeoz dzvi )
→ Tel ) > 0 ⇒ d

, , t.ie > 0

obtc I > 0 ⇒ did, > di

Spectrum 3 massive & 3Mossley

b) Symmetry postern ⇒ ZNG boxes
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* =(§¥a

,
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Moss matrix

Ge
,

Gz 63 6
,

- davi 0 talk.lk 0"

f62 0 - titi 0 KHE )G duo,Oz 0 - date? O

Gu 0 duoiirz 0 - dave?

Eatuuun condition

µI= dsoihtcdstdu) of

eerie davit ⑥+ du)oe?

→ Moss matrix is of vuz ⇒ 2 No boxer

Normal wools are :

0I¥¥Gu ,

m=0

im -0

m= - :-(vii. vi)



"E¥•_ , m±-¥Coi+ui)

(1*0)
For lis , we find

h, he

h:( deok
431-40,02

he 43+4)0dk d, of )
meaning de.dz >0 , did , >Hatton )Z

Spectrin = 2 massless & 4 marine .

gouge spectrum : µIo;=&1Ei=(%)
a) glDµEiF(ME:) + { D4IiÑ^Ii)

08% (A:(oii-oii-n-ivii-ao.ve)
3 massive gauge boson (we had 3 NG



as expected)

Ma
,
= go.it#Maz--goI,MA5-JVz

b) Ii -18,1 , Ei-18,1
Ls ¥ (AIEozyt-niloito.it)
=) MA, __Mai goItvÑ

A
}
Massless



Problem 3

L= @ a-
* one ; -424¥ ei - die e.)

2

c-=L
, 2,3

→ ei =

ei÷Es ④

1) symmetry group is 5016)
eeitei

2) = -¥224; -14%(9-9)=0
one;

☐ normalisation
⑧

Rotation -3 6i= Odio

⇒ text 02=0

soca ) sols) (some
as SOC 's) )

3) e- Ii) 0=69;)
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