3, A SCa\av:, 'ge.‘rw\\'cw\s @

\)0& stark 5:3 d{scwssma how the ‘nakew{im\ " \/(§+§2) should be  chosen

o order o Aumfﬂ the  ceucial  agsumplion  made  on p- 19 Su\asequem%\\a

we  crosscheck  that the  same asswmrkion 6W€S wasses Ao fermions  as well.
P23 sy - -N(a'8) s V(3'ER) = PR+ A(ER)Y

Reall oo L= T=V, H=TaV ; dhatis, V(§F) represeats enceyy desty:
BQ&'\QM aroéugw\u\}"i Thsert &:1\,1(3) ond -msvec’c CV\ewﬂ Acv\gf\'\a

as o Afonckion of v
_ i . 1
\/ = .3: lA"'\} + 1 Au 'l

We wust  choose  AZ0 e peder Ao keep V bounded
from  below, bub P coold have  either Sign

V TAWQ g W"O

SE—-

—Xn the {atler Case >0 i Lavoured.
SO: hic could ;)\’St‘f‘a our as.w\m{,ﬁon .

H(s&ortcal\xa, the  phenomenon ¢ referred to as

SYontaneoos glémme-\ﬁa \)f@,o\\dvt%"/ a\{\nm,lab\ s’w‘\cﬂxﬁ

J———

I
SPea\ana Mgt o coweck  deve only Lor ra\»\m\"
Stswxm&'h"es (cf. Secﬂ.’l) , ot for “\oca\" gavge S‘GW\MQ“\“QS.

U\lea do we  spedk of 5{)‘“’“‘1“"‘6 \Mﬂl“a"? The reason

/7‘/1 /\ /‘ /,?‘ s that V(§+é) ‘(\O\S‘ Ahe Soung VD«\\AQ, {:or @:‘1—5‘(%)
ropr 77 o any  gauge transformation  thercof (cf Trercice 1), es.
St J T - Lo Lvy AW Lo

\(@(‘m’)' q(o)/ \;kg) ,ﬁ(w)‘

AL
Ye‘k; we choose % (f;j as oo x;_e‘;resgn‘tat'n\/e, This is

(}no\\oaous 4o the Mc\%ng{‘\to\ﬁon direction of a '('NErromQane-t,

C,,«KMCJE___mC notolion: To  underline the pavam eter  choice  wmade,

we  denoke  From now  on
\/(@*@) c= ,_\)\% 32‘\‘2& + A (?f@)& /

wheve {«*, N> O



Re—f‘tr\eA ar @

«au\_mav\*.: Let wus Yarmme’\ﬁ'lﬁ The \'\iagg field  like on ‘).31:

- & [ordya a%z‘*](i) ;
oot |
R O R KN I

We  are \oo\(\v\a for o tALnIMUw of V(@4?1> , e

(¢ ow exdremune,  t there ofe  no  Feews \wear

— . %o,éa. ( éi)ﬂ\/ = O/ |4€i0/0"k > .

Lii) with nov\—m%a%\va Curvature o the  matdx }g”},\,v,\/
shouwd not have
ne«aa’ﬁve ei%u\\/a\mes .

Just cama ot an ex?\ic{’( COW\‘m’ta’c'\on:

V() = -t Lot foda | £ 2 T(vedo) + adel’

= -ﬂ_[ﬁ?_;j__,i s .2\-;——’-:‘- (¢)
o vy Cptr 2 o)

4 jﬁ_ (—‘«%+3>\v"j +§2§£§i (’W“ " Mﬂ) (e)
o b (e deba ) T L (grga ) @)

Here: (o) - constont (M 40‘4%\
(B) -5 most  vanish a(mrdina te (1)

4
w=0 N v‘wi}\—.

=i

(c) N nezaod:h)ﬂ Masses For U =0 %\

Bot Afor W= -ii)-z , we 8@(
a adha
j'\_;.‘.’_;a(&pﬁ) + %x(o) olc !t

(d) -, 'm'\’e\"o«(’t‘icms"

..—-—-'hm-m‘"m—{'""'
N U~
So a desived W (nlvmum Q,X\S{'S at A J:\tf \

SUW‘”‘NQZ % | he {luctuation c%o, called  the ”\-\_3%5 beson
has o %auqq-ﬁmo\e‘)av\c\en% Mmass M& = Ut = INvr >0,

% The Fluckuations Ckw/ colled quds*D_m _ Modes ' /
%Q‘t m  mass fom  heee  buk did fae* o wass
From gange Qixma, ST 3x. e say thak
Lhe Goldstone wodes  are  eaten up” 6\6 the.  vector

Yosons omd do wok oppear  as ‘mo\eremc\&n‘t fh\{s((a\
o\earees of Afreedom (cf. Exercise 9 1 )

o e - N et



@)

Fﬁrmtov\ moasses ¢ We vaec{ mastive  fecmions Ao be  described Lkﬁ the soame

T td

type  of Lo\aro‘vxaa‘.m\, os w QED (‘,"‘5\:
d = % Yo (gD e ) Ve

Here (c¢f. Exercise ‘1.’53:
Yo b e o EANVAN A AR A

Voo o W b Yee 10K Yoo

U

L= Putfe= Pé + P:”

S g ¥ Wb me Y

|
£
3
£
T
i

n

~We Mg Yo T el ™4 e,
The starting potat  now (P, 98 . Exercite q'.'.’s) :
Sd = - D\H a'.\_@_ YRt \'\“l\ Qi @d\}&

- g T .
¥ \’\3 L(L§ \-‘")?\ + \f\e_ \“\L § QJR * \'\C—] ,

where (P'M" Exercise }-&)

o~

b - ary’ = (iit) .

Raste mau‘mm{; Let us skart bla (omstz\er‘m% one %em (i.d—) 'l)

and  real Lou‘sgﬂas_ ( W ,"\\:‘i,\'\‘\: We ER \ ,

)

d

Fo\» the “Aoww{\”g fermions 1

et o
§
==

v

iL

4,
7o

1 - -
B - hgv (&1L dg t Hec X
&

hay
With Wy T e
L & ﬁ,:
e Yo A (v
For  dhe f?f\t‘)i” fermions @ > &G, \o )

1 _
N —% [U“_um'{' H.c.]

- =M ):G:_\JR ‘*‘UP. Ui J

"
with  wu s Y

(EN

4

E e ctro s sbtain 4 mass \)us’r like  down-type qUJXV*L..S,
(Me. could  abo aef masses  for neutrineg , @ |“U/|ou«1)k
in  that case the cituation turs put o be a little

bit more Complicated ;  We return 4o Hhis i gee. 5.,



Refinu} o

RS

%uﬂ\eﬂ’f :

(a) What ¥ the COV‘)unas are cow\‘»\ex’%

For instavice : A \M\em ;
Yoo D iyt ~ . thuly ¢~ [P
SO(M = U D U+ ug D up - '\?‘:{ (MLU\R € tlhpupe )

Now, on the I'C\M“CA\ level” , we con  Make
it

the {o\\ow'ma chiral rotation” -

i _ B 1
UR,—?e.aUP» P Vg € & ~
-i%
O =2 Q%UL 7 EL - GLEL
e
-
s w AT LN
g e (- TR
Or Y- € = ( = 1(L)XS
= cos(%) [\ »is‘m(f‘ibys W
Ug > Ve = cos () VR - (4) Pays o »
= Cos (%)U\\ s (f)PRu = € % Ug s
U\- - U|/_ = CO.S(%‘)UL u[&i»\(}i) Pg\&s W
s
A ol

= cos(3)ou * Paialt) how s * U,

C\EQP\Q Khis  bransformation  leaves fhe kinetic terms

lovariont  oad  rewnoves the ‘;\nak fom e mags terw,
rewmoves T ;

I

It tume ouk  that  on the I ﬂ\,mn'\um \Qvg\/' thi s
Lrans fovmakion 1S ulm‘tc subtle, becouse the ‘,,;A:\r\

LM’Q%M'\“MV\ weasure S b hecegsmila invariant ;

e  Speak of w “quav\‘\vm omowm\xj" \ cf. sec. L{,&)'
(E) What i the cou?unas have Y\on—o\io«%oha\ (omeo,,,m“?_

[ ot us inhoduce %3~ matrices  as

Wil
ooi = —_—— +
(M“\U 5 ) et .

Thew the mass terms  have  the  Structure

- - U -
S‘E’(/ =7 [( VL &y tL) My (2: )‘\‘ (URCR{‘R)M: (2&)
& 4
- = 4 LT S A A
+ (du S0 h) M <sﬁ>+ (dn $n LK)MA (5L>
be b,

+ ‘C'){OV]S]

(We return t the ovmlv.sis of Ahese terms fn e 3T



