pe,fm'/ed E(ec,"fy‘gwed,k (EW/ Mfd)’ﬁ/ ‘ @

———

a,m'/,ﬁw'ca:ﬁ'on ; Iba/‘vt@((%ermlon(ﬁ _<;et:,["of‘)J

|

:--l\/ex/{/ w € add S fermfonﬂ to a,éaue_(pqre,cdq/

bosonic sectar (L'-e—,gw—(ge&ﬂf‘ggS ﬁdd—")/
{hc!udina @M&'ngs between the 2 sectors
— (e will consider 0"""5 ane enercv(‘ionj
(0wt O‘F@) af SM feymiong, pOSﬁboning
Si'u_d%( ot i an. ?enera,fﬁansll,/é'fary /l'ncﬂa&rrzg
Mixeng between them) +q e phenomen/o{jﬁz
- pert gf thus course

e ‘ ' (—w] teractions of S™M
Beﬂrrn wi Ha EW ga.u?e ' n

fermiong : re€call Hat these ave » /N

i —

U;_Dr_i_’gaC/Sﬁinor space ; _c_f (E_Eﬂcoc@é&'ng be,e'ng

Aue{ or - ke /

— Since abave 3 a (relahvely) new feoture, (ebf
elaborate on this pa{nf’ [at the rl'Skdf(r eﬁh'ang:
recall (ot @-com,éonem& Drac spmar}f{(s a
Yeducib(e reﬁresen.t’a}won of (,of'eﬂf%?/zdwp/
e, (s /ef&/righf (L/R) 'cjuira.ll'f‘ies [oby‘z:u'ned
by praojection operator 7 (I :;’YS) o SP_],Jenofea’
bfj \P@, transfarm gdeﬁenc{’en‘fﬁ cende r

lorent2 aroo&ﬁ [Naf:e , in sg-called Ld%/cj,(ra,e




basis for D«rac-/Z~ matrices WL,R are. @
simply .c:pbea//o;—er 2 compgneats of (#J

—So, (Y R)| can have [Aifferent] gauge
inferactons : s does not happen in QED,
ped that's the cade wikl £~ W 3wﬁ—etnferacﬁon3

— Before ?e/bf‘(nﬁ ihfo fald Ew beory , (etls Just
“"warm-wp" wibh @ case § &ED Frst, then its

chiral version

e et o)

'beon‘g = VWYY —mPy
= nd ¢@ 3%@4—5 @A@@’W@—m@{wn+@%‘)
e, linehc term ‘\Cdu_ﬁ/es“ @—éo @ (and R £o R)/
hile ™MRESS term connects @ foE
— We add co wp(,-ng to photon (AH,’LA)/‘HCA (s
same for bath @,@ ; z'-e:./ aH —->DH::3,4-LeA#Q/
so that
Kpponty + Ly-p = }'(aL— P+ Ve D/L//R)
3 —m(“pcwﬂ p {Z;ﬂwt.),
ie-, photonfcouples (L to L) and|R 4o R, Hattoo

—(‘;ect . ake) (ba re ;
rdemﬁc.a,(igx. ﬂ/Sa/'(m ss term G Jeuge -

— thile® ousc;ss;% uﬁ)— H(g?A

invecyiant
YImechan sm,

“ha €
— Onto f&h:rdivemion of U_/'Z [%\/Q{C chtsidefea(

' \

Swech a H'learg as t{"og“n/lode( for EwW /4160:’3/
(A)AOSQ 504(36 u.ﬁ Uf mo re I'Vlvo(ve.c{]:

¥ o i(@,f@)t//,_-{- {I/R@V/R) —h ¢%‘PR +h-c.

+1 =1 o [U[1)charges]

I.
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has ovdinary ' kinefic ferm., A(So/
a! ave) mady Ferm for Y| il no b be Jewsge -

aaau.n,

(N var:'ad(ﬁnc:é an/%r I,DL £ cjmrged wndey Uf/g
a fter 7
hence bhak o arise /{Sﬁon{'cuteou-s @a%e.)sjmmefry

hraafing , 8 frqm. cont g b © BEIEEE 0
_ The /EW} /ﬁeo&(} genera,&.ZeS Ea,éaue +o
S‘()(’l")L x U(')Y ¢« Here are /ﬁe./{' ouege Q«a.nfum
numbers/re-ﬁresen-ﬁaﬁons of SM feymigns

f-e., 5(7"%;?) gb@ coffz;e‘%(ag%eg@je' boson @:/—:),fo @
Yig -y

Co]: e ach %Mk CArriées O—(go "céfor",/ie.,
change wndler QCD/SUR) . , but we will
Suppress Hat here for simp(ccify] ;

(1) . f[_eﬁ{’ons@z(:—e) (2 4 ’l/?_ﬂ& @E;\j_i-;).}
& 7 of

e 7( = singlet
daoublet v sul2).
of sV(2)_

o 2 ({20 ¢ ot et

,-—-Fx])(muth'on : lsu(z);l representations are feak
based on weak oha..f';ea( ourren.&_l;if@raoﬁan)

pe.. newfron and muon Aecays etc. In vo/umg
/
onty () chiralities of kol guanks & leptons
#@&SS(ﬁﬂmeﬂ/és are Lerived bg f‘e%f‘;n}




elecric d\argc’.,@ = —‘—3 - ‘i/? since_/cw @
Sho LWha in hrevious ho‘fe’. (bezw g n abe/&'aﬁ/neq'fra,(
ba,ru& Odc gene.ra./( .D/,() ; massless combination

of Ldg“ & B¥ (aka ﬁhm‘on) 604/75 La (""*"7:3)3
2 5“"',?1"/"@*},‘”9 do 96‘5’ observed electric
tharges LT | )ng LY
Qo,f'(e_,_):—\/z_./z;-l ,‘Qof €-Q:O"’ LSy
[i.e./ S ﬁﬁ[efe.a{é—- for L, R buk so is 7, hus

ctechic charge i same) (&) Qof )=l =0

-5 7.
[i-e.,@ (5 Same for !JeL . B e bd are

4

different | hus elechric Mafges alao Adx’ﬁferj
7o ¢ fhod,R=

o mitandy, € 6F {Us,0 = F2/ &'Q Ppelidcies

— Onto (:Eeﬁnmam refes fov SMﬁer/mon}fguﬂe.
cauﬁ&ngfs : photon (3 well-known (L&eadﬁ)
while atr Qho wn ea,uc'e/z,, (masg(ue)has
?ML(?Q Cd“’lé('""g @;';fzzfa’z/and \\C,I*Lo\/‘zge(:.
(,Q'%: Tg—as"”zew/..go/we_‘j_&é'

Lol —

Fe’(‘f" man rude Far \\FH

AVAVAVAR . =
/'FH 2y (’Yé;)x PL,R Qz—
ol F cAo\rgew
where 4 denctes -3Ce rmiarl_g_gqqu//epéon% @: LR
cAira,&'? ,(PH = ﬂ/z__[i:;,")’;)}b@«‘ng c,orra_spandx'ng

projecfion operator




— Note that Qéd“ﬁl‘"ﬁ ts /ouﬁ[ereyn,fjﬁ’r@

' becn thferen{-

@\/g - oéura,@z’hes [d,ue {o Tg ,64/‘07 w"%;ff’eéﬁ
£ (s same fcr bolh %armﬁes) tre. 1€is noéj

veeto r- ke
-—A/so { ’ Ao es cau.p/e to «Q [eue’n /'hougfl nd{'
o HMe other newfral 3@“?,@ boson, te. pha-éon)

— T4 3 convenient to combine 2/1 cao*—ﬁﬂng,“ﬁ'o
l‘/(urcvb hies

T | . @
KRR ”8 Q 'Y,_-—-@_
>@/ﬁ (’5:# ”@

- — € (Q ,},
=) —-Q Y
Sin20,, /-&,yg

where In 6?”‘““1 Q; ez &;—PQE
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=1 =

&A

and 2 :Q;__

ond axal

vector- Lcke ([ e. mvo(umg dmli}j ’}/,4)
[wuﬁ&n? fo ’YHO] parts of c,ouvp(mg to 2

Abhove

Tn&n/(/ we. have uSed’ azfg/cosgw cnd

S egs\ﬂgw

TgL_ @"
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— Onto c/hmgéd'/{weak ty!.—f’efc(cﬁor\, ‘e, r‘eai?@
n

non — e helian part of )'u

“ charged, weak = @L )7”3 2 W’Za(ueL)
- ST AGL
where[wﬁ = w(—tlwrg {" 'Y§)Q

(S)m((ar f'or ar‘k: (\/(.4_ F nman r‘ule.s
Y s AL C R

v
e___} "'L% ’Y’"‘ PL_ CLQSO'FOT )
e W,.L l(l,rys_

ptéCJ(SQ(

._..(Ide CM/'&en maf‘ch CW /’ﬁc’org {*‘o_{f_ﬁj (as?ze
imdlay mMmuon
su}l‘f X )

4""76(/‘7%‘""- ot uﬂder(/gmg brocess (N N&
decag £ “mR =K —*k/e 4 given by
// w'f‘

iu‘{,ﬁd@_% = (~ cg/r) <~Lg )(u ’y P‘_ve)ud?’Pu>

enerqes o o3 S
lrj gies (ke ™MYy) e )Ebinor(h_@
— %2, W praﬁagafor wh-gpa rkj)
(8M )[u = Y2) v [[Bavali-7s)w]
. +erms of

fdo_r\'hfz !”\‘6(:/(2,[-3““” above .FD”’\ mxé'rc—was

usma Mw= %gv deduced e)oﬁertmen-éa,ag]

oot gt F‘T«j" Feen) 2=




— As an aside (for now),we alsg have @
/Efi:: 0-3) = g%//\f99-+8"27_ Lo, we need

more meagsurement to defermine Seﬁarcvfelgé
— /-H'I(S/?a/g’af

['3— and 8j’ ze,/{EW ﬂ,eorg hag@!,ar&md—ers

e used 2 data (e & Gp)

G)'/ 3,3/’) . we heaw .
thus far 10 order Z’oﬁg@and one cambination "Fg,ﬁf.

— Thua @ me asurement- must javolve neutral
current weak nteracton [ exdaa:nge) :
i was perfermed in @ (the EW theary
itself was pro posed n (lqgo )] .
— Then y MZEISE’\ZMG%S Could Ze redic;ted; these
gauge bosenslw e re discovered c:nF(C‘SO's
(u/e wilf refurn fo tese iSsues (n the pheno menalogy

/)a}d’ ot e course ,)
- Onfo//TS‘M Eﬁe rmc'on] maS.sesj . ah aﬁheacﬂy

rn&icMeW terms will break svilz),
3@92/ Sy mmehd«,;[and U(f)y] cince L,R chpakties
hove &«'Ffev’enf' 3@*&(76 (/harge.s/f'n/*e-”doﬁ'OHS
—So, mass ferms for SM fermions must come from
(Yukawa) iou.p(('né 1o _/4,‘225 £ eld (VE—\/)/ again,
Like in o chired U(l) mo del discussed before

—KHowever since garge cup/charges are Maore in velved fan
in U{l) case , it IS uSeM 4o e a 9ro‘¢ Meorg. de;f’oar”




(Deioua an jﬁowﬁ theory (Aow?‘vﬁ’rm

igu{nﬂ__ invariant dbd'eot—{] (See//:orizam,b/e./g i
Sections G- — S-- =

Che &
! —Swppose a /::e/(J@( which Cowld be'; 35’05'0),”.6 {)

transformg in a vrepresentatfion of E(_)_[_’j
2’Louﬁ of Adiménsion @E-e} 1L Can be
Mmougzhf of as a E,owmn vector w:lf\dwrowj)
! Lo 1 M 9e-nera:f.ors .o (a:l,Z--xn%l)[d,{,xdy, l
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Cate oruéy for funda mental re/preséfl‘faﬁcrﬂ

"—"SOI 6(,/\&@/‘ am SU[”) HanS;%rma_j-,'dn (Wl% bamn\e/mx
matre X

__71_/ column

@(t’-e? \lﬂe.wll le/)(:-: U ?// whe re Uzext{iﬁaTQ)
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re/ﬁre,ge.n,facﬁon’:] of SU[n) , Since /"leﬁSafS‘Fy

the 13()(’1”[@ algebra
a ¥ ’l’—b.;? o <2 abe o e
[G—\T ’ (o S J S B & T )

which ,in fura, follows from ﬁtk""(? complex C""J“gafe of

Ba),we haove




ET ’Tb] bFabe TS
[Th-e conju?wfe representatfion 1§ OHGA denoted

b? a ba.):,’an ‘/'Gf) 07L arlgfna.f one_, e(g, IIC 'S_D
2 3 oF SU(Z)-—CL\ For %arks under QCD

en ’LP*{ S § [l‘-e-/ Q')‘/'-q/uarks)J

then ﬁa and(-ﬂ'a) arée said 1o be e sz( i velen ﬁ’an
cuch a represeatatfion is called " real 7

— Onto, 2 ways of formmglsu[n)}_glm_mami‘

Objécf'_:.

@] Suppose (Fwolfin general, different : each bezng
fermunic or baSoma] ﬁe,(ds {yqngfp,zm,ng in e

came re,pre_sen;éou‘von; in componeat /%er/

(qﬁfi ol¢ }and I'I-,P :j"‘dW)’wiMP"//:JS”J

néﬂ / Me fUl{OMIﬂﬁ ﬁrad&LC/E 1S SU{")“fn\/a.er1f
4 wm{ rezﬁea,f,’ea( indices

[‘ﬂ_j = 95 1P \(Slm;/ar(g ’51/ 325*

Smg(@b bes 03 S mmed QA u&uajj

Thus 1S easy o sfn w 1 we (Nl o,C— ¥ as raw,
y 0 f %SU?M space
vector X e., O[ dag er'in/matriz cense, a/!'hough

/

wef do -Farcorre.spdh
"(¢1 qS"‘ ¢d¢ quanmmeOB as wuﬁlaie)z,:}




o that 1,z F P where D= 0P and O

F'= U@ implies (%)= (@)= 2O
giving (#Y) P’ = gTOTYP = ¢

1
le. <7-’>-f Yo & _Sing/e,@} of SU(n)
c.omﬁoned‘form

/é‘
@ Lt 11&/ ?;"'Xizj,z...n are E]F—ields each
K

4

column vectors |
frans #orming. @8 rﬁ”"‘la’w( L'.e_’ n—d.(me_ngionoﬂ)
rep reseatation of SU(n), Hhen ( broof islefE

s - I'/‘?Carma’(—l'{w‘/) _____,—._——-——.”T—'_’——. -
ﬂ- 2 — ((wii ¢£2' o 2 n) Comb/é/{:e"g e‘.lti_;ymmehm
i cant

I8 amnohher < ¢ [n)—invar

- Onto (5 U/Z)J Sbedﬁca)u;g_ (n= 2), where all
real  fFor example for

representafions are
Fwndamen:ta,( represeantahon [l'oe7 Aodfd),

a* ’
E:o’%] relates T“:%}f‘ fo — U5 , e,
i bs eff~

0 ¥ X (ke ’LP
T, = m f'ransﬁrmg :
'\P { ¢ SOy e \P*(c-e.,

s | (1

(i—@-/ dou’b{&f ofl 2 )\\ i{-nu

YWant C douwbled or 2 )
No

...ﬂbac/k) to SM fermion masses f
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L 7 2 djj@ ( K/—» do;jll}- of sulz)

— Begrn v itk [recau Fh at L:(\Jee:;)a(zl,é)/

wWhle e’R A (j/_l)J : co“ﬁ("nﬁcans‘{'anf [o““‘“hiri",d)

£ p
f{e.pf'vn Yukawa = —he (Li ¢£JQR 4+ h,€,

WJ
QU‘S‘{_ fe be HETE) [} U(Z)L\sc'n?(ef a./q@wag

W ] . . 3 d d U./éfezt— [’ld@x
“baf“dﬂ L b al (1,(/2,/;9/ 9 )

""’" | \ o= Vo =
(0 Dirac ,spa_cé—, (U(l)jf tharges add (+ /2 p

kaawa) Co%ﬁ&-ﬂg. of SM fermians -f'v-] @

\

'f)

ve-, L+®’ bk o v = Z) /o Q S
here It alsd Stands Ay

for u: 4 be"‘g

anti - doub/e}}-.;]

e $ = ¢+ [and

.__Lé\ffer _SSB,i~é-, setfrng 1 b i

ﬁeu loithaut

a'ﬁ“‘”‘ﬁ %cz/{"ﬁelcm be chosen fo be r
[os5s of We,-rol«' {yee_ [aten however when W
30. fo 3 g&ne_/ra. ong) , we. (a.'H'ersomé. aigeﬁra,)

%/é.'b-/'on Yukdwa/maSs = ——he[v/ﬁ('é,_eg -t ége‘_).f_

Do, @by + SrVe b_+L(ZH +Le.;yse,t:)J
note

l:e] li'Y‘{\e o he v/\ré_{ F’.am IS‘é‘,L-e{‘m a.ndﬁ{/ow/ng

[ Fegynman r cdes| for &dawa} inferachions fram ather ferms:
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(wouwld-be v 2co5sGw Mz

L NGB)

— What abaut wa# 01[ for‘mib\j SU(Z)—:v\voLn'an:f
dut of L and @ (does it give o@{fferer\f/addiﬁond

La?"a"?ﬁln '{'erms)(@

"No: He 2 wa.?/s o ,/-'orm.'ng Su[z)—iyu/a.r:an.f
dbd'e cAs are adu% ecl/ou‘uaje,d /51\/@ same
regullt due Lo dowblet re/ﬁre.sen,{:a.ﬁo'f\ ba'ng
real + Explcity

() [l:_i QSJ(”M/" we already waod a./éou(’)

@[ﬂﬁf keeping frack OFshructure, I~
fo cussing only an gu[z)/,',v-femag space]

(vt <) (] - (7P + ] b
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‘b




when coupled to e, and P set to VEV X @
fhcfua-‘f""d'lg ﬁdt’e e above botfomline -

note €, Ve“Flikﬁed" dué

x tepton Yu_/kgt_vaz mass -

(2) Z(l o, L*) LGP c'd
@: sHil a ~

/,
lie,2,, column-vectorfie., L)
2). t\
not 2)5 nce gag er ' here 5

< acds an oﬁe rofars
ite
Eno‘f’ in <U(2) mafrix

gpac.e_]
ie. te 2 imvauants axe idenfical

/

Fina.l»(g [in /e/)'ﬁ‘on secfor S‘h'{() ; led's consider fate

in +erms of :
O‘F Eec(.-h‘/no}x mass term , There (3 /(Ve)Ri
buh‘de/ﬁdd ‘n SM  since none has been
ob5erv€cf (aJ' [east d.ired'ég) Fhus Far (c»F. a
other f?'dds/pafﬁ'des/. So/ the re 84 no (S’Mawq)

Cooc,ﬁa'nﬁ of neufrino 1o Htﬁg‘s vV EV (cf.-/'—or
ele cfron) giving rmu = OJ (agat'n'w//’fr SM
r@.normalé»?.a»b(c. La?ﬁaﬁg—éan).

/Hdweuéjz/ Ihere 1S evidence far [GL[éelt

fY\U (& W\e) Fr'om observaﬁons of' n«?u‘/‘rrnO

(escillahons] (ie, conversion of sveutrinag bf /4

'{y/;e /3&nena—h'on into anofher‘) cwe need to go
ee tErm

_ ‘ de ) A O ety
E;'ydndY TM /in ar er fo accommodate m {s = ?l)




Onto ( Isevaf‘,wh_ere mass'es fOMé_Eram

x 5 2 /6 /2 +2/
etk — 3
7 rakspe EQ ¢) Qi é{i Up

kS'UIZ) Smg(e,t /+ h.c

Q\gd.,(ﬂ |U(”\/)C¢hdﬁje‘s add U.ﬁ .,LC,@ 8( dou’é/d-g
for m ISU(Q)q_Sang[e/{’gj

In Mmaore de;g'a,ol

(a) docwon - '/‘g'be a/tk cowﬁ&j involues ?/ wst ke

/e,p,l;on> g:vmg![—n;ass f'erm and(‘/uéawa)mferacﬁons

k. ke for leplons (hd/\r'?f
(b) waf/e(;; s for | u/> 1y pe %c‘cztk . we cant cowple

a Hp 'éO ?5 SInce U(‘)Y (J»afge_s uJO_f_l//f Sum f‘do,

\_,\/-*J ———
e —-\/64-2/3 Y= +‘/2

- &'V
2 ¥
L'.e.’ we have 4o use ? ( = "‘/2) which can
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shown for e ptons a,60ue “dagﬁer'for

- h ‘ foéerator
bl @y Qféjli "’(“r- [ ] u
—) Qd

(s ed a,boue)

(Agam we. cant Lse slmp(# ié [e withoud
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—
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—The above s;‘vr? with wp—type quark is no{-abig
deal in he SM , put £ IS when we 307"6 1ts
Saersgmmeteic)version (see ferm paser),
where [in short) we add /Swﬁe)g)pa_‘/'{-ners of
SM panhces w i Shin d(ﬁtérﬂlg b- Y, from
SM . T4 turns ok /ha.fg%ba'n'ﬂ @{or ¢*/a5

svsy)

above to & Up breaks supersymmetry. S, we

must introdace [2) Higgs dowblet Fedds 95@
(E&e;z) ka i
Co«—cﬁled fo le/)-fonS*

e—

d(ggx(&ke Qr (n SM)’

an

while f with opposite hypercha fo ?6
I ( 4 Josrenprgs ®)

i SUSY role

cou,ﬁ{es to (5— uR):/(éuplays/(i dzg*lh SI\’I) buolt
agcun , we cai_\’f wse L'O'Z g?é here .
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