Gollshone  losons

. pés M1, 200, 212
. 9c‘vﬂdar"i 2%

" f\Le case o:( L33 o:( 2
6ous{‘&¢r_

We've seen hew,
V) 3S°L°‘( s;lmue q we 30'(' a
Losetr. We |mve

"1 Lroken a_enera“'ar "= " 1 w«sslecs M_M[c"

For the So(N) cese, He ro"'en:t ol rwdveed
~ SSB u‘«"’L So(N) —> Qo (N-1) , ..:f'“\
N-l wmass \ess wedes. The wowm Ler o{_ “Lrol e b

z,%era\(‘a ()3 s

N(N=1) | (e (N-2)

2 e

We ecan ehow lLA, :uJert' , = MQM,( '“e
wJMLer 4 wmssle%s w”‘es Y 8_.‘\;u Lz_ HU(

nowloee  of “brokes” gecers ors,




For a geneNe  qrovp 9 ST""‘—MW"X— broken |
. a‘ways Fo&e.:ue lo clhoose He TAIe ﬂ‘(- ’H‘e
a_(‘ou‘: sch “'Le-"'

ok

Lok ‘./ S Lreken
“unbroken"

-
T2V =0

The wnbroken ones ,FofM a evLa('}eLm:
A A
(T° T*1% =0 = T F « fobe gt

g
=0
> ‘F.L‘é _o

. pabe e
> [T°,7T1 = T

"Tl\ef!ffore ﬁ_ s s‘aet'\‘mews(} Lroken -l-o a vaauv';
H.

. T J-mem"‘e wm Lroken evbo (}eLra .

’ 'Ta arce “H?

Leoken yncmkors, < G/H
Goldslone Heorewn

Haere

S & wass‘\-ss ww(e
{-or each "“a"



2, ., A (H)
diw (§) - dim (H)

‘T‘Teo};
L = £&+49ﬁ+* - Vi)

’r’\'«'\' Jhe FQM-\»M( s ;b\\mt:M"' wder %_, wL:eL

Eu;r-:u:l'tﬁzma“g s

b —» (ei&’r‘)ﬁﬁp x4 +ihTA 4

= 4. + 34,
meas RS
Vi4+34) = V(é)
—> Vv - v A
5aSt O T ag i t



-—9’—\,‘ T4 + + -D—KTA = o0
2494, av 1% 24. P

—u\e JaCyvWAL m#advax-?“, T“?w:u =<?)

4 ns:Jer wow

Lﬁ?n} the win. o,ﬂ rJ'M‘L‘o(, v. Then

2V

—

24, |?=3

LJ. M:u;l?"l, o “H‘.E rrevFous eg(_ %:ves

2
9 v | N T:r Vy = O
9#,,94;, 2
foe ol A
The wm-‘n‘x g%&,\gbp is He wnss m(r?x qup,
If A =a, then T2 =0 and the egth?a"

s 'l’r?v?ak.
u- A= :’ Heen Ta‘lr

0': # o and

4

"

=0

MzP.( ( V: )A -

A s o« woll eta_uvpcsrol‘.

dells v '“«A"‘ g,a.t'n o
Thece e dim ( d,',/«ﬂ) =z diw (q,) - Al ('1—”

ma\q.\ke (Y wmodes éo(als“ o1ey



This proaf. s very doilive (ke \»{mka( Y
fd doe bo syum and Hherefore there are
wocshess wodes ), Lot d s Lree - level
roof

N FQQQLQ'Q L “cchonee” Lo m.rorwt. level
by Iu}ﬂ‘oeluciué e g#tc{‘?\le f.{wl:al, yo0 ol

spe thia i Advorced QFT.

4 A"'cm‘-ivt rmf
4"} enwl(‘cwws s}mgl'r} ;wrzqc"es (‘L: ex?s'\-«acc o/(_

a cotsery ed cur\‘u‘\'

9\5/\’—0.

Thia Jc{:neg a chc%z,

Q) = [£2x I°(X,¢)
ve wally deve Ak &gy —o. Howewr,
for 3B @ J«‘verav..

5":” , we ale Iv&rres‘(-eo( o '('Le comwwl‘aior .4
[, \,..\N'cl" cn"tols *Hte “me,‘. v(. o Pe(l

4



< -8
et bed e Q

doody +ie [@, 4091 +...

4 (<) — 4’0)

CV““‘A‘\- coS. ‘ u\‘al:-es
0: [Lx [3ED, $2]
: 2"!,(3)0[3'0():,{), )] * [“?‘[?0,4)'4(0)]

For (uf?(_ Mova_k wrf-nct, seavul -"zrm. vq,c,:'.Lvs
ord 4

It [@w), ¢] =0

Foc 'l"«e beo ket &«uu&org, e heve "‘L«J'

col [alt), 400)] lo) = v #0

AH‘er :uﬁirlt‘ua o wmr(o{‘e w‘(’ .;(L 9%&(‘6 )

et
Z (zm P S(R) (<olJ(o)|x><-<l+lo)lo) e

-<o|4(o)|«><«|3ol°)l0>e et )

rl

To wake i -’ime-?u;(er 4 rowed &Lcua_ ard
sinee P&?-‘—Ne 4 we%a_ Ve rafh do m(—

Mcc( , i'l 'S n(} &A“’r’{rei c,(,



E |o(> S.“, E =0 for "5:.-.0,
f‘,' s wcL &L&’V

Se mss(ess s’h{‘e .

Lo\ dC0) 0> # 0
ol 3,00) |e) #0

o NC et VSe '("LL var) coce 4—0 CXQ’M’/(:#}

fH\waL{ \“-es.UH.S, Ve hed o ond 1 as Jas\qm?coi

wodes. The wm«-& rs

3. = ((V+u-)é’,z - ;‘(v-w') 1)
u‘."’L "’Lt thoc?q{‘d LLara_g \g,.‘u} (q-.__,)
&KX = ja(xx 3° = fA‘x v-i
"‘:“‘3 He ecoroveal eomumn. el )

[d,tz(o)] = =LV

and.
<tl| zl0)I0> 70

Zol 3}(0)!1) #0

By MM‘\‘«'Z?&%_ R =4, dhen



3
J £ 8%p (coln@ppd< P pe) o>

’(""z"’)l‘zlrbqlp)\7.(o)|o>) S s

sa‘rtsf:ed for

o 7,(0)’lllr)> = (VP

LOM“E coVaorierce ‘\w\‘-/(;es

Lo| j/"‘(o) ,1(.9)) = i\rrf
Ma‘\?ce_ 'ltLu\‘ *Lt A NP ekmu"‘ for “\e Jle‘\leragdc:
S ‘\'luere(-ere

<o|3’;,lll) = -v-m;‘

se wrm‘\‘ m:e,r\m&«‘u tu,\r(:eg Mz

B Lineac Ma‘ m—(fwear T mavls

Lo‘\' VS fowsw ot "Hte, SU[?)LKSUCZ)& s?;nq

wodsl .
The reasort & 'l’L&'\' :"' w:" L¢ a wa&omue

m,(g( ,for (ta,ﬂ-uoru r?ohs, as e wI” cee



’a U4} (
H «u\c cours
{

o\kc, 'HL
T e La
}WJ?M
L = :
- -{r() 1
st (5.2972 -
)+;.;,%r(2’t2)—’\(f +)
i‘— rZZz

mvaﬁm'(' WJ
er

-2
> LEK+ +
; &7 y
RE&L
se "Lﬁn“.

- Ave (T
vel(F+7) - L(F 4w
7 ¢ +#)



So ‘H\ﬂ‘e s a ms‘Jas T?e«.& ond o luuw% mo'c‘al

mede.

The vacoum is (E)avv(;:) ) ol "’Lzre.,.ore_
au’g_ Hhe Jiaamaj fqr* 0(— su(2), % SY(2)p_ remec(hS

Wt\aroktﬂ.' e. when L=R,
SUR), xSUDp —> SO(2)v
w:'H\ "V" slvmtls {.or vee on‘avl.

f?z(o(ﬁ‘., ‘“\t sv(2), n.c'*s as

On ""!L on‘g«‘ua(

qaT - T':O‘

so 'H« ‘.toa. s & -lr&rme,{' Mo( ‘“xe o does
S 4Lg

u.o‘l' 'h*wts,fom, as urq&{'e&( s(nee :l
anbeok en fur'\‘ 4. the rour,

Under axteld -‘-raus for\.m};us’ however,

c— o'z T + o'n
e LT L o' -
o 1) T iudeed trous forws
2) When <Td=V, He pion -(—rms,{Lom,s witk
a sL:Pt.



A'/' FU\?S roz’w\' :1" Seotus m\evm"' l‘o rewmrk '“\*+

Pe\a‘S ofe VLO{_ ?kJsIoa( , as I"- ¢ ey «‘c;l' T 'M(
‘\'L :u:\z}ra)( forwu/louLc‘% suee -l'L? afrc

r’
‘Iw\‘-e7 r«\iM vt aU&& .

Ve esn «ﬁ{'¢ ‘H"‘ aLove J&;}M;«‘M w a

“sqw\ﬁe,-— ) " {otwt.
z . )\ v 53 - _;\T s"

L = 3485 F
ST X))
e (Y (GO e
wt‘l’L ‘H\v. oa(vm#mag_ 'H\.:“ dlere are ne ro‘}kou?a(

:u&-cnso, (&S (er '\\r\a F?aus. We have

-2 ~n
sz f(ge0)V+T -V +..-

=> -
v mw = w 4 ..

-
* J(q"‘-ﬂ-\’)’J—?’"
A were ww-u-’\' ,Fcrm "’La"’ alw fmposes e ¢5=0°

cyu.'\wiw{’ oud pewmoves He F?ous (»m H\c
fex‘\wj(v‘ai S '\"Nt_ .,yfao‘(«u—('c‘ﬂ( {»OPM ,

[

fer
S = (v+S)V ; = e 7



lee Jesg "-o

3 A Y
£ = 3438 N L
2
¢ (222 4 (J0IM0)

o Qe‘;ma,LuL?u iu.ie':uJucg
',F we don' b eare ALou"‘ fhe e}flid'[‘ form %

d we eare about 7

Jfo?rM fans wL.A'\' sl\w’

wWell siul oLServau-e&,
o, ey
'“ug SM'”_ cﬁua‘ W’J: lva(es

The <iw u‘\' POT 1Y

of the theory.
We can cheel ’HLA{’ 50“}£nt scﬁ‘”?:n‘n,a e the

2

b J ARy =
) L= '%(?r’) - Avoem,
Lz
= “Y?-lr*-vr"—nr"vr' = ’,:’-“ + lh—

- .

2 .
= -2\ +(*2;XV’) ;{:-;7:
ZXV:L ] _ ;31

"“['*;:;iﬁ



where we vsed wE = 2AV.
The mrb"uale VMtsts as ﬂ_.so ,
the "’Lurl cn‘m?us wo dert va‘(?VeS.

'H«zrc a?s“s a T¢‘> wkem

even “'LOU: k

‘TLIs ‘e beecase

iev.’va"?w w foctiors are QH@;’L‘.

Now ‘er, \I;P J;qa_ cou\w&us Y rowtrs o,f

W"MGM—"'Q. Se for 3"—)0 «er Fﬂ»{‘ ""tm S
aov?‘-\_ ;—32
- ot 4 ...

: ‘7",1."0_, “4."0

3) L:- ("%S—)zér(é’,Uo""U) 4...

SZw\E'At '\-e 5&."""9 roo"' N?.

o This s a_meml: (f twe ,Peus ¢ & ¥ are
reloded by @ = XFOO with F)=1, Hhen ,:L}S(‘ca(
obgervalles com‘aulfei with @ od ¥ are
:wde‘s{‘:n}uish e, The preef rebes  on sLow?u}



{L,\{- v 4 X :n\wrr‘qﬂ_ same Me—rar\‘?c(z
s&o&e&.



