ﬁﬁ()m {’aneous f}//mwtefr(y greakmdcz (SS‘B//

(ase of M(Vf ?acgged//ﬂéa,/ /a_tef/

S?mme‘frta{ with 2 cub-cases:
rd(scre'ée] and COM’?nuaasj
Outline For [globaf}SSB ;

_cimplest model is {d(screée) Sijet‘ly/
llustrates the Fo lldw"”j 3emera/{
feotures [aj/'za“fi“” has SJMMe’L‘ry/

bet not realzed (n ,b/t%/ca/(/g, (-e.
Vacuwum /| grovnd state does not
respect it

—_ re/aée&/y Uacuum ctafe s not un(@uc
((‘ﬁeres Ae_?enel’acé#/ nomn - vamslnng
@wan{nfj (order paramefe}z)

charactérizes nececsca ry choice

AOU)QU%/ Simme’éry (S gh(( '/1 'ddeﬂ”
mferac‘ﬁ(ms duslb/czg a yemnant ' effect

of s 3”"”6{'"} (ajam, this (s not
ap/far'enf/ Mam(fegf/obu(aug/



__ Onto, féc N1t nug U< [g/obal/gcymme{'rj :
(V\eu) feafure/ mass (ess field/particle

called Nambu-Goldstone boson (Né B)/
which (s devivatively-coupled

[DfScrefe g/Obc'J SS B W‘Oddj[on/j
real gca/ar Feld (¢/]

= 15 9,4 o L \ 2 e A =r
L 2 S H¢) (5—-,.& ® +_é,¢
k-—"‘\f —J O P B,
K(l'ne‘h‘c}: derivative \/ /po te/rﬁ'al} ]
part \ mon ~derivative

LK/ V. (u analc)jg €o (,{a.SSf'[a{ mgcaa”,'cg/
even Mnoujh here it's not at

force = _av/ax etc. fJ

_ Dicerete (Z2)sqmmetry - b= = P (due
to no Do B term in ;C/
(no infintesimal vers(on)

/More ph%(ca,( rneanm}_(’n terms of
spin-0/ccalar particles epon guantization



— Above X g?ves Haw [tonian

FL = i,. LTT z—l— (695)2:}—# V(SZS// Wwhexre
T = ?5 (E 9 ¢/é{7) s cangnical momeuntum
conjwjafe ‘o ¢

(C/aggf&af/— [evef analysis first [ﬂ,mk ot
P as backg)wund’/c/ass/ca! Feld (ke

E [ g/J : (;Jha{' ¢ (Q_c/ f/ Wil mumi2e
abpgve 74/@44@/’#} //'-e»,gfoun,d cta te ?
Since (675/2/ (ﬁ’f: q'5/2>/o ) [ts dear that

we Should choose P = COAS%anf'(E/-&

iudeﬁendenf) ' Poincare - invariant
And determine this @& by minimi2ing V(@)
Ay = P (p*+ ADH)=0 and
AV/ag?2 = PI+3APT>0
-—’> Z cases Ae‘bendinj an Sigu of ,a?
(mass term) : (i) u*>0 & (i) p?< O
&)haf about S(gu o A [@war-ﬁ'c ncoa/S/Mg”/?



For /arje §25/ /\¢440M"‘4Qf65 = for
energy to be bouaded from below, choose

AD>O ( A s real forr H to be Hermh‘?'an/

(). /‘42>o > F=0 et minimuem (no
sther extremum)

v(#) T

constan®
vVelue of ¢/7?/é/

/
> ¢

ngMefrJ < wunbproken (n grduud

{evramagn@é‘ chove Curie

S ﬁaﬁe , e'j Y
temf)eraéafe . Spias ran/dc)m% oriented
/no preferred di recfion = 34 yotational _ggmmef'ry)

Gj) //tl< Q :;525‘:0 (S max/m:,am/'
¢ = i‘,—}lz/)k i< A mum
N v(s)




> Ground ctafte I/s e;Mher ¢: +ﬁ4—2/2 ar

@ = -o]/_},(l/;L [c[assfcallé(/ cannot have
(53 Swﬂ@bpdeéidn) = ¢-—>—¢ Symmefrg

s broken

_ Vecuum not uvmigue @ NInN- 2ero

Of&qeﬂz paraMefer (S —_/;—‘-[u»z/% ; e-y,

fevrow ma?ne‘f below Curie temperature : spins
a/(jneJ in seme direction = 3d rotetonal
sgmme%rg broken in y&oumd state by th <
celection gf Adirection , put Whiclh cowld be
arbiérarg [w}//h Sa»“ne eneryy/; de_gen,eracy
[infinite, so mare ke coptinugus Symmef"y

On to q/uanﬁ'zmg ahove classical feld:
¢ classicel velue abaue[o For p*>0
& = "uz/)\ for /-LZ<O’? (s Vacuum

F%/}ecxé’a?‘fm ua,lug [VEu/ of iwam‘um

Fﬂe(oo/oﬁerarf’dr : (O( ¢ /o> or
' wj wenfum
gwg& (#) no partides = %ﬁe,(dﬁ

S vVacuunw m




/w/“ give more plysical meaning to ss8)
(1 /L/LZ>0 Cas € /usw&f,ﬂe./ as (n very
/n‘ﬁfadwcfdfj QFT/ , eyc'banac ¢ as

& () ~/d P/a —ehE Je”pz/

creation
anm t/a—‘/'?d n
ope yatar
gpe,rafd"

{q/uan‘hl%a-h‘an/ CLjL;nnl\h ¥ o bes !
(conifg‘ﬁe"f with <O O> = © )

a onn hilates-
—'—>//‘2(>O) becomes /ﬁhyszcuj mass
of spin-0/scalar particles [guanta
ir exctations of ¢/ : enerff (n
/—5 mode = n \//u “+ pr(%..

— ([bagrfu/e) /M—fe?%
nembeyr of partides




teo m{’erac,%fng via A¢+
Since ¢'ﬁ—"¢ IS gymmeég 475

va cuem we SeC //tat a 'brocesg
[n vo/w'mg odd num per of F-partrde

ic nat allgwed
(iz/- //(L<O (gg 8) oL ¢ expanded
abaue/ th en <¢>“O Us.

"”\/'}‘/A’ at minimum

RN - A (massj ot /yam‘—:c/es/ /12(0
(ffom energy in p mode=n ﬁgli(ﬂzl)
— this inconsistencyd s expected

Since we expanded D around wranj
U Al Ul m (<¢> =0 whech s unsfab/ej

""S-O , e;z'band ¢ QTOLLAG’ MIfﬂ(‘mUM,’

+ [-FY/ = = VU ¢ pick eitther




vacuwaem [ag(‘coe: at @uanﬁ(m—/eue/?,
ct. classical earlien , can we chooce
vacuum tov be a Su{)ejz‘bosiﬁon oF
<§25>: + ? For examlb/e/a C9o-50
admizture couwld preserve Sg/mmefy‘/
No : See Lde('mberj cection 19-1

[ b (64 — 165 ) pos fed on/fnej

_chnift Feld l¢(z/ - v _,a_néz//

S0 th ot <ﬂ> = O  fhus expand it as wsual
3 —1b.x + *ip’j

’?[ﬁwfd?(ae 4+ a e

_ Rewrite ;C n terms 07C r (ug,',,g

,u?' = = A U’Z, dra,b,b/nj constont term
/n :C)’ “e., Fluctuatons arqund VEV :

/Z( 71/(#} (+ 7 + 7""—4_-71/

SSB

Two Featlures



(“/ mz,)5211}2> O [1/5. when §Z§ eztéa.nded

around D) = o) ;/M/Y/parﬁc//es/q

are mass(ve (cf coN+t nugus Symmetry

cace mex;é)
(b) Due to W

numper of 1n- parficles are

37 processes w (th o dd

allowed , 1re, N —2—1N 3ymme{'rg
is broken/not realized [t (eas€
not manffesi’/a‘élbﬁ renﬁ/ ph#‘gjcal/ag
(/'n | n feraoﬁonS) Ve
(c) Remorkably, sgmme{'rj sl
Ibarf/j survives [ie, is "hidden 7
as follows . Compare above L +to
the cace of @xplio(f breakr‘ng/
ra thes, no ngmefﬁrj at all +o éejm' wikh
zezpb'm‘: ‘/2(3# ”/[aun/ * Mg’) '/"2722
+ @93+ 7‘/4.774



whicih looks somewhat similar to
X after SSB | 67/(/9/,615 For crueceal
A fFerence at SSE case optained

from 3ane/ral bl by (1/.3341‘;'? M3 -o
and (2] p' (t-e./ coef ceentt OF N3 cubic
coupling ) s related +o n? [ mass term)
and nq’[@uar{ﬂ'c coulé(;nf/ L again

4 [{md’e// en J@M/ ‘baram@{ers

(M’} 1728 ,LLZ A )L/ i L o xplict VE

only 2 [ A andp? or my 2 A

n L scp /so/ ”remnané’ugymm@fff
‘" e form of relatiagn heot wees

cubic c,du.,ﬁ &‘ng and mass Za,arﬁ'c-r.)

— Keep i mind apgve as gane/ral
heme o1 SSB, re. ”?eué/e/cawéro[/eaf”
breaking of Symmetry vs ezplicit,



mq (e y@/ﬂ@ra[ ° @.?./ M/'ﬁma,‘lfe— Zod/z
of SSB is o ﬁéﬂerafe gaugl bason

| » %
mass where [t< “Ssurvival ' of

fenarmaézeabz'lz'? which s cruccal

(Cf. exlblz'c/[f éf@akg“nj ot 3@@2@
5ymme/{'rg bf hare mass term

doées not retain ths fea ture



