Lecture Q& Pt Bl e s e
. s . 5 ~
reote, el Live veoels e “"‘lfle.‘ roete oLy )FMV\AA. me wtal e Lﬁ‘n{s_ [sf.ari_-u] [l’il

‘V'\»._,; E_ T T— S o bectie
) 4 z
Gt (5, %) AR
- . (et ][see betow]

W

3 | ) | |
A :fv_u; Az F A=A eacl of s bacic evep [see ex]

Bond B [ oo By B By 5 ¢ o] = (n+ 1) XY panll arkisgwmetrie
| 1 <'€t,L1 e I /] repre seTeakise o F SU( o "\,
h Y
{h““ﬂ—- :_a(‘/‘\“'i rp
| L s Yolmendol
‘\ K ‘\\vm-’r "\.LK) io'or:“l ) o
coe YY) —lauve
gﬂmwz'{'rqu
3 -
e N=wn+1 '
w5 |
Al vy, y TN ‘.'\" il § N, ')V‘”“‘( o——o0 -~ o0
|
Exa—ple ﬁ
Ay = Dy = SU(4) . SO(6)
y - - e L—.f’v".(s_v\w
AK'M Cha“—‘-‘-“‘"“‘h%—i‘ = s L ] F\fn()u:';'-j‘.
dim [1,0,07 = & s i b0 o,:{j e L0 01 =6 /[O,l,oj
’ /
o) (‘ =~y & ki A
a " 7 7 e
fwi.‘ V\h\"swl R tlhe tewger tvf‘:‘:‘ 4-A gl C/\.M ; _;!O,C_‘: - J:‘J.W‘ (/\ [1 O!O.i)
= )
v <
@ Saw (N[1L0,0 )
[___\/J\aem taKe KA gsuwm froﬁuc'&"“} = It
g -- [0,0,1
z 1 — I\/' -
weove 4 alewy vese of [010}05‘]] . / ' vl
3 L g ot
Ft."?l“ o Fe'{a\"(_’c»?mfl\' a{' ow "‘{ C!-)(NB Q‘F- mriqz(é -,-C"i,_ (‘-‘..’ff’"',f’
O O 4
D:ju(_;n laloels 60 ovly By
U o [y\j]
. " _5 ‘ 3
oty o] Mo, ook OSSN < e
= CorrecUed
L s ﬂ““i\]vﬁ_\ w5 g _[ \/ | N
i N‘ V"'j_.)s)’ N"“M ‘3 ne .‘3
) Cl{““’ CCO‘MPIQY f-e"”-i\-""\“’-i”e_f \Y : b n-ML,...M.L)l..tc.
Mg Mg Moy Vi ¢ \ A C"\a\ﬁﬂ!A, to
E T R ; L i
l ._.)__i____l_—] \ -v”~5)._-w1('_‘9.to_‘r
Eﬁ
(m, =1) (N-wg=3)

3
<

N
\‘:
~
g

N’
~
]
..,_____,‘
n



Al ‘\r(?‘bs [07 )y O] are  veal ) Gjmme‘tf—;c +‘vraceless w-th ran tewgore

ol
S8E) (2,1) (4-1,4-2)

ie.

e g AT
[1,4,0]1 =L01,1]
For SU(é\) EO‘]O)”}O,O]
.Lé, r'euoi
[AH O-G)u_‘w\ 'J"e.f)f;
['V"l_} 'm.]_) V‘:S T V‘l, \/111 i/'l,I_ ‘] L 3&he,rak QAre VGAL:!

:':Aﬂ j’\‘«\-ﬁ )&-n:i

Clonmd weiglbtg
~
Coide < pend ‘e

Wt

l"c qu‘ v r‘mr’.:j

([ﬁ]-) EX] ".‘(u&. -rar a\nj 3*‘0'! P:\ [_‘now ”‘PP" _V:) to EW]

B, 18,,.,8 4@ -~0] O—0 ... o==0

b L0y « <5, Gy L]l =" Spiner of $0(2-+1)

Examples [ Sterw-Gerlach
,ﬁﬁ.F_eL— e yfe e
gL: CL :Ai % SL) (2) 2132 —ruuo\~ T'@P {;\oih relate ke

A v umalv LA

S (8] (%> -+ r;_(v-'\-. %_{ “\4\'5‘3
Sp (4)

iy L+ { ! A C
p "\‘«3[39‘) of \reps ["’i,---,‘/‘nj ; o W & DEdea  BELE
0 A 'FQ(‘W;OV\‘LC

. - cod g ex OF
Tenze Fo . | . [S’i(o\j i kesewic I‘-A'!"('\(.,e_-_]

5 7 ks mereeiie
\pogov\lc X\QOSOV\\Q a\dQS D OSSO

QJ\‘&\ L ’F?efm}avxic 1“\‘[4’\‘;&3]
(B ’(Icrwx ‘F%fv"\ {: "j

e
'Yﬂ -F ) NC Lv—«ou& '{!"Om fwm to ;0’50"‘""‘.3
e v = @. O & O
A g L\‘E‘? (becavse o'F
‘[Eﬂ-ho\ 33 i ‘:raloer't’ie:, ar
e ! | Ai & /\ = 1_21_ OL a-ete,’-"\l\‘\\-\dv\.t
"i&ue o] gpola  Fowmd
T K i {,a(.v{(o\.]
X e et
[_.Cau-\ Jse Aeke o tnanlT A ok
-1 [Area é'_ "k'\v-ue_s
e (;“A aresd dy;'\ s [r-ie Fou
— = A i - a
Coce note 1,p.4] edbudimayl i
E ieied PL ‘ian:,
L——/.\—_.a(i_ Rroa'¥'5]
A



lecture 26

Part cele. Su mmevries og. . 12. 211
Crefecei w BEaale i =3
[_O & I W T O] CGiithnr i ? A 6'6. +o (mu‘awg
) Y)Y Y ) ) P root diaqrama]l pZ
W-kl, L/ ~alwaus {G.I\Lt . [1 O] 3 J
KAb  cmnk 8l Ly 2= ctevetion 1 et
& f Omt\sj me.i_r‘(,_ r@F‘ O‘F 40(2\?*’1) ) K P X-1'a
ﬁ{ dimengion (1“‘"’1) real re Lo 1—7 v
2 & )
EQ,O] SQL{ J\)a\(_
zwd rotv'-i(
awkl &u e

a reprecewtation that cppears v hasics (1 o... 047
~ f) & C a-.‘orears
Ve ctoyv X d\>/£+

= F\mor
Al - coubed

A(W'\ ro ormu['{,é_Mo

BE'Z EO‘> '.’L;I Lr) Pseua\o re.al,

-~
copartayd |
s % -

E’..,' CO) O) l:} 8) el Sf:mar refs
[O)Oa O, i—} 16 , Teal
C’V\ H"'__OT'@ C‘_“-: '\
VRN SIS S
A? iy ;.1‘

Ag 2= SU(6) [10,0,00]7

Bt A

Y‘1_ \/ 2 \/3 —ﬂ. _\E

K[d_‘o,o,o!o] 2 PR A FY P

Se‘{’_ {:\(\q, 'ruﬁac ikies O'F- C—s ‘{‘_’o l.oe, Z‘_

Zl: \/'\_ = \/5 Zrl* Y. = T 2., =7

,KT O:{ - -ZL .‘“ZZ = z‘s_ ut Z'Z + _Zi S 4. F’C‘Q’)&'o"é’@i*
H10% e By, = Z. £, Za s
:‘L : h ¥ . d?r;\/qy\
frou
S or \'"SSW\
[O, oy o, ,1-’ O) L |O]C *'\’0\4—2{6’556 K-"L"—’\ f‘a\mk _‘0! t-‘?rvL‘\e-
d =
= . 5 N\ "ﬂ‘ua\orc
o aki sy mmcteic vep of Sp() P
. ; P4
Hiae, Homes e [vet cimple dim
: | ‘ to write dewow
@ECau Yor <O (\"‘5 2 vectore N }W( Lz 1, Cey . cmot binewmial
simce L‘J’ﬂae,:csﬁ"—
\: \,\}J‘ + ‘JS I, cecond ranK 53»~wei_r;¢

\hidi fa & flug el



SP ("‘) \)0{\\")[.1 dmtisﬂw\weiric \/UL\,J

&

-V W

SRR

Neot e 4 Felatiow Be*f.,.;e-e v Det evvne nant
And Area (gene ral formulation)
Jﬂ_i&z Areo c>‘F n fara'-‘;l_gt\o 3rcxw\ QP.GKMV\Q,A ],g\_,)

A= 0-1_i—_+q-)_:'§_
b= bi—i—“‘)z-},—
iS 3'\\;@,?‘ bj

laxbll= | det Ay g )
;31_ ‘D’L)

vedveikle

[539_ tra ce l‘E{,s

103 amaioii}l



Partticle. Suwwmet ries @2 122011
~d

L e oo e 2—‘;

%—_PL‘ Sics: A/A) p=0...3 50 we  are  uw SO(L\—)
e, By = Ay = Ai

kD cep® [3,01 1 [0,2] or L1,17, or [1 07+ [0 1]
? 3

I/ \__\ d/ \,L 2 QFLV'.O('Q}‘AJ{V\-‘.C'\/\

GF'\,V\ :%,. fe.i) ‘Fo(‘ LA e
(iO V\ot "JOFK

one SU(Q) Bl s ihe Properiv ag well
do noetl waunt Tl rep we wawnis

tor gen erol vectore

For the F, = 2uAy =3, A

O Tramef w [11] (e as  a veetor AL)
5*"\/ T e /\1[1,1] antis g m prodvet of two vectors
% R i [1‘ 3] = «\ = &
2 #

C.o\m‘)ut& A [l‘ 17  ua Lv‘reP withy PEF
o Pl Yl X (s M )= 1](><l)><7_)
+ evn L : R “ = |
h >{ Xy, X2 )-5 § (x4 X)) = (2)0)(o,z)(o,o)(o,o)(o,-g) (-2,0)

Frova (1}1)(1;1)(—1]1)(~1,1)
Hii"ne/e't- weiﬁ\«\t: L2 ]
S0 /\”—(1)1) = [Q)O__{ + (0,2} (Sjw\ CPRE. = P exchange of [. 3 ])
nt
So F ~ L% l’&d\lc-\\o[,e,
fese ' 'n - yaBoaikle rep of SO(L{_)IJ(,\,& ,;\aiogmt cep of SO(L{—)

Con Thewn be wirtUE e

1 : _ .
F‘/uw' = F/m/ + FNV whicla trav\s(orw\s wirtliguts muxiwa
Uf;qu 6/\”/06 F—P = S’W y wWe can weite }7\“’ = ‘"Q'.’(F,,i}-?m/)

-3 — o -
QV‘.CL ‘LL\L P/J\\I = F/UW' = F;.\\/
Deec Yhae  wiprk ?

e T e MYpE w 1 «R\_ 1 —F€ ps “f
£ o = EFTT(BE, 5 E g Rlz= LFF® L S F
= FpeT

’(s‘nowg
4 tl.at



! 5
e FNV 'lr\as 2N aLﬁe“v\\u:\i\ue- '\'1 uV\OLG'J' E-/AVFG

as well asg

5-_ ’\_/ T P ¥ == l S A —_—f

/A
We  coan La\e,mt(,—rj these self duall and anti-geblf dval “einsors

F}\j O A F/\:V e the elewents "cr'omsjror‘w\'uvxﬁ (g% E’)—\Oj awnd. [O‘Q.]

The wddle ML gt W S e avxt{...sjvv\ Tensor:

) /'M//TT\

O('Z»«)i the wth ‘mawk ow\‘(;,Lﬁ:jm rep of 50(2‘,\)

Q/ Le reducile inte SD and ASD +tewnsors

Saf Auls E¥= 0 , antiself dval &S F =0

Do: o—oono- <

SO (Q“”‘\: lOat‘:’_—,'\c rep ore. EO‘ s ox B, Lo\ y O]

)

(e

K
For K= wn-1 ov Y EFL\nor vee of SO(ZV\)) Alwvn Zm—l

ALﬁ‘thSVL":'he.A \03 c«\k;mﬂ 5‘3LV\0Y" awvd S\O(mor (f)
sPiV\OF (om EO(H-)) LS re,duci\o\e_, L Cl,oj+[.0) :L:I

D'w'-ac,

er covse v oassless Fm"t}
OALLQ,CL two \Nlejk ‘5‘3.\ V\OV‘S] e || A R owves

(\,J\AQ_,(‘QO\{«, Divac 5qf)i\nor s L-E g:ym)

Lelk AD.,. =4 e et the Lok L “imditegsl e be Wiaogy Mn

!De,;vxﬁ even o odd (each)
giving  [oge o mnmal @ [y m el = (L et * Wiasg, Va7 ]
Selection vrules - '

(... odd,0ad]®[...odd,0dd]="L."" even | even]

.
Od\.o\, e e od-d 3 odd ki T d




Lbebre 28, - Pa_rth,L& Sywmmet ries 1249 2001
- e ———

;Q'GOM?OS{%'LOW of exceptional qrovps E{ (C:67—8)
2 = 1

Byt I
re R ; gLLqS gjwvme.t"_f‘(c. vnder (‘E’_'(Le_r_.t.\'.ovx)

l S0 uwvder COMPHQ’X

C"OHJ Uﬂat Lown

— = v &5 l,q 3 o A 2] l ‘
D ?,o\.c,\n ot,\n@r

GL-LM ~ i ‘ne_g,*:. we gl
L@, O]EG =27 = b LB 0,1]¢ {5“’“ by this node
/K & I:r_,\ne,cKJ
traceless O O I O O
tha,&d'oi.\nt S o WA 71
T | ! E?
diva Adj (E¢) =78 e

Ol-ivw[o‘i’o, . _O]: 912

_E_‘;l: divn Funda E,; = 56 Pseuo\orwl; AL on Ao\\l E.:;_ =133

Eg: dim Adj Eg = p N

Bocall® every dot in Dynkin diag (s simple root and Fonda weiqht

(ov.e, okt aorre,gpowo\s to owe /\;\:
= (A—i).- oAy ikl A.. = 2 (OQ ) Lie roots allow

\,j \J ve +to .F;rw tle
%) Cactan matrix]
e, ?w (/\L ) ) 5 cacthh wede 5 f“cfre_-.ﬁe_w{:ed ij .
(O(l y ok‘)) A A e o wri%;e. . il
o-—«)—I—o—o A v (V‘L N, g Ne ‘46)

£

e,ve,\r'j rep LS re‘o res enwted bf‘_} a \'\Lj\naet weéﬂ‘v\t N

OKQ’COWFOSL{J;OW - /\L : DjmKih diagr&m

: . cont, wWis e

F(’ﬁﬁ\.\bke_ roots

GUT:

R= repres entation

SU(S) > SU(R)x SU(2)x U(1) |TvaeTield Covpling ; 1
D b= D ¢>+L3Aﬁ\qb 3 |D,. $|
SO (1.0} by

¢ s o vector 5Pa\c_q_,> A}A t"‘““‘SForm;.vxﬂ ;_{-/!
E .(How o couple, a ocalar = e s ‘t‘h L N

6 {Fied te o 3avﬂg Eau? % P ﬁ\ e iwkevact o
e

; . te. the action of A - QD)
Uge covavriaw( deciyaliv aarr e Wi G-r -Fktus

1.



1wde0,ol’coh5'uo\er Djv\\,{:.v\ {liajr‘am o Eé
Q

MR

tak i\nS A su\aset

Bl N D = 50 (10}
t\/\@v\
?

om0 —o0—0 = A, = SU(5)

+ ) .
bt need Lo undersTand ‘V\o\,-J S w3 | thhe wechaniswms. tgra\.,-. ils i V‘j
Bf‘aﬂ&‘»«i«.,\” R\/‘(&S

—

Su‘:‘soge_ wi @ 'mque I rovr-‘ SU(B)
?/ and e weawll o eu\oo\ro\xp Ae.cow,f»osi{:ion
SU(2) x V(1) iy

SU(2) = sU(2) x U (1)
cf
= b b - m] bn SU(3)  rep

o\e_c,ovv\F,osa-ci Lm‘to 5\)(2) AL'F'FZ(@_.\A‘t r@_\c,

oV 32(3 vwa{;(‘i){ i :
Hxa,v-.c,a 2= 2 +1

but ff\nav-(jeé\ vnder ‘Une OJ(‘,\AQr' 3\: : 21 + 1

2‘“\ ank E;jvw ot SU(5> = § —— ?

Voo the -ruﬁacikie.63

/Kc%o} (\/1, Ya) = Mk :/3_ ¥ _j‘_
T, 7

A

=X,

~ 1 7.
- R O\_OVB‘&E %WLJ(,L\ Adifferent C.L\Ar‘ﬂ‘i’ﬁ ’\&5'— % 7&1-‘_6‘( X‘l
° ‘faxnﬂ\e/
?) = 21—!- 1_7_
e R
Noete SU(Z\) -L_uﬂo\ci{tj 1= X) u(l) (uﬂac,ikj :? , LS’PQP_:;&{‘/ (,ﬂx;+><).1_ %
hiﬂ"ﬂaet wﬂs’ht C_.\no\rie, Y
Set » SV(2) -(usacikxj to X

: U('l) — N — ""ll“‘q/



Lectove 2.8

ﬂLULV\S :

7;1_-——(1{)() YQ :ij l:_i—_
% X

rdjaci‘{:j y\.-,a‘,_,'.

\/i :ﬂ/X 3 \//2 = ar"'] For the \oro\mob\lmi roles

- |
V\Ot é\"ooéi\nﬁ :

ParCicle 53%«»{\'\ etcies

1% 122913

3 (ny '—qul = (Gyi)—l oK

X awd a Sjmmﬂ.ﬁbri “For- 6\)(1) Fro‘()e,rtxlts (C}(X = .ﬂ(_)
* X
Fro)dct ot tecwmsg w L-UA X e

X

Fusaci‘l:ﬁ Ma? > Foeé.{‘a\e_, Ma\fs:

otk unl%ue, .

-~ Y
1) Yi=qX, Yozq® a
@ YL:WX) Yo = X oYy
“a S/
Y (+/
SRV A CF
X
For 6
triflv_'t
= doublet
5W$'la,-t
I S AL R T R
Duyniiw labels Y:- \/2. \/1 Y1
Eof' E‘G
w\‘un tl\ae_, 'F‘Lv-s‘b w\a‘) . (Y :q{){) \/1_ = WL)

2
Koy =9 X+ ¢

y TP F
=g (X*+ 1+ L )+ (Xx+ 4)+ 1
X™ % X q/q.

+’_L+q(l+ay><+i

L . . -
" Reer ™ Y Koy + 9 K™ 9 W

K4 & = ?)1 +2—1_ % Lt

=

:_L. = ‘t'/e,rmr: -«J\'t_\nout o % 1

2z

Y

will  golue

/1 +L+ j__

W A

PR L) L
X

2

q/



Owecea Yov \na\;e_ chocemn o M&P there are H wajs O'F— C""\Pif;""‘e—"‘tt_"‘j

't\n\g MAP (\.V\ —t\’hﬁ Ca,se_\)‘
For 7(” t\ne.re_ ore. V\ w'q:ﬁé o"F_ clheoo 5Lv~.j chis A P.




Leecture 2.9 Particle Sy mwmetiles
s

Bra V“‘Cyll\l—hs rulesg Sd(%) - ‘S u( 2) x U (L\
i : recap of lecture 23
F\}D\C‘ C.LL::\} w‘a-,ip 3 ? (‘2'1 3 1"'2
| & 2 Zo(10)3 < ) 2
9 Nows £5 50002 5U(8) 2 SU(3) x SU()x V(1)

[eed % e Pafu{a.f

Decompoze  BD yeckar - = — For &M re rece-trnl]
- 3 + 20 vector ’ ~ (3 'L) % ('l' (L) N B : -
3 U T g _ \
({-e. de-cow of -tv—'\‘:lc:t a‘F (b) . > 3- (_b)[:glmj‘rgt SU(3)
fowda o SU(S)) SU(3) = Jb\e,t vnder SU(2) '_ ) Aovblet Cu(z}:g
Siw e vnder = 5\.\’\ let under SU{".‘») L 7
SU(Q) { 2-4
Coaril an gﬁmerat o s 5
' . gene rator = tra QQ—LQ.SS CCart an P
q - - & z -
a ! -tra.ce, zZery: 7?
1 ‘_4& * 2 e = Ero |
Q=Tr Ay
o A :’2) b= -3 (choose [Sihgtet carvies
! b ‘t"‘\e-‘ae_i ‘\J(ﬁ—\, C:/\dff'{‘ef:
hosen teo be pre pertional to ; [CHhen wvite —arbitraray
| [sivee normaliz9 q -2 @ ' 2 N
....I.‘.P‘_’s_‘_._o_ . s a o‘noi(_e,] . "& ,',“EE 5 movr vaalizal i om
0 :I—,\_xl (2 (o) i ~only care e-
L4 WZara @€ C owe
2 ﬁ(‘s\"u{‘ A +QH(:_ A o _g; - . . < 5 -
Crv’é\ 'y f' ~ oa :_; (f:j i_h'{'e%ar B nbaves
Ch & ’ sy 3 ,
o, CvLe—'{"S 7([1000'](0(:.} ’K[l OI'U(’:;}?(EO]sU(z')GV K[C’,O].SU(S‘}'KHJS\) 7_)(‘]/ COrme alue
= Y. o+ Y 1 Note : vainag S Aeal o lattice
Ll!O!O’O]SU(sj /ﬂ\_ _Y + \/5 e '?_Cif*_ = T E“L-‘."'n] 1_‘0'__ ‘ré‘" M&VRAL‘?\:;QM
- \/2 \/3 7:* }(-Lnﬂ_.._v‘“‘] roup=, ‘\"‘0\)5‘!‘
- i I \ | A a
EJ"Q‘ (f‘v»’\‘f} PP I RV Yo it & "’CY’ W L\A“CV‘(J 'F:’ﬂ Bt ‘_(:52 “"\-\ = < lg(;_h J
- e fa\ 4" P A 2 =
_ 2.{ - = 3 ‘_;,’\) ?3)} va e T ies i T
=% g Zz + é >+(1/ (){4— 1 )
% Z <U (2) ' X

P{(.K o Lugacitu vep” (\,\ i )
= i ] ChovCe U (j.) vl
- q2
Y=Yz ot "‘“’""”"‘”*L) [t of SUS)= Fuan o€ 5U(3)xq* (chargrn
z
C Fowd

C‘l"\s‘\ Foanid AV\JCt$3M 5\)(5) 2w FAV\K n:\n'b\.ﬁj\m SU(‘S)X (a{) J

g:'}-,m,-n(.‘*(f,’(
e

nd mOV\OW\tAL) Ld" r"“‘f \_‘)

e V'GV‘? #o b2 _.

>

cwars ot

61/

L S T o |

LT

Y - \/? C‘/‘L g Cl(é (3 mowam\.qL) = "xf.'!'r"ai
5 - ) —_ - -
C Zl (\M\ovx@vﬂiak.j
[3"1 ranld anil w SU(E) = 13:_9\-\lt o = — .'ar-
) cum SU(E) ti“( ) r:;i‘"%”‘;; B ['te vigwnial]
Yq. = % x (5 waownoLa =0d
{u4th rank ov\{:is:‘)w SU{Q} = map Teo 6\)(2.)]
Check \['1- - q/sx 5_ (L1’Jd" \movxow-(aL‘) Citeess QK
en 6 3
A
{‘-/4_1_,.' SU(E} - gwé\.a ] [‘.“/b' Zrh I’_z*""?:' .’)u\-{\-‘"ﬂ;‘)‘lm r‘?? 3'\)(5‘}
[¥,0 SU(5) = 2nd rank  ovti-foudd = 3 < charge V(1) charge ]
- r A w ¥ O . /.,‘c".-:“‘
[z_,l i’ u(’&) i d ranK d\V\-{ ( "'Fv*v\ )\g._] L . =y ¥ ai _i



We have t

5 —> (3,1)_, +(1,2), (becavse 2=72)

[Cr \/q"—looe.f.wa‘\oia ts Aecomfog_q

J\:O SU(Q—\a r'é?.‘?..\l [\Q, ng% =\l,+ as a‘poue/:> co\nMC’-V\t]
EC‘*”‘ {CH i GU(S) de.co..-.»lpos,f‘ 1\:47 TE’.‘f!fIS O‘F SUC?))]
ELFCL lat+ice '- - 'Frr.—pv‘t A g

C
dlee clooce S,

)

v[h

to clesse scvlo lattices

i S vatueal leasi s ) Yi corvre (“'ioa‘AA Lo, -(:)V\A \,‘Jeig(ﬂ‘t Q{(_,
decom deeswl \, .”«”uﬂ"--el-, on rua'\.acf-tus raa oS
¥ T a A ¥

iO: LO 1 O OE (5) :(71._‘_ \/3 \/ﬁ_ N \_/{{_71 5 \fl"« EZ.MA o i< AS:]M rep 5'.)(5)]
\f?, \/1__.' Yq_ C L) o nd L( C_;\\j..-u ‘—Qt',w\ic.ie
- adA 5qj‘10fec Sia e ":M:
+_\/_3_ =t \/L§~ \/'2. + _\7’1
- k e [lO mphov‘ﬂ-alS]
[vsing ‘7’31;0{-6] A \/3 1y Ta 7.
1 '+/\/,_f R \/3 +<l (Bj 454{(’\"\3 AS tervs of
codvet R
‘/3 \/L l k\ll \/'.L \-/L{— \/3 P Kci’O_G’OJ'Kf_i‘O,O!OEL)
7’1 =+ N AR B O 7/3
/‘“"’\'—'\ o —— m‘(@/’"’"“\ -6
& Py EXE‘E:L af
' 2, 9t Zt 1
«) 2 (4 ofé /[&;m =3 +3x 2+ 1 =10]
& T
10 (’:’) l) + (%} 2 ).—1 + (1) ]’)—é [(i) foq‘! aF .’J—r{ \ - 'F-\-)-'\.p\
E\l\\‘)ﬁ{' \ou .,J{‘{— \nd. iy 5 ;
Aowwn 15* term] el oy SRR IS
Se—~— Come Yo actl
e (e} ]_ xz [thie Sufef e, =

7 (3,24 term] “ rep2]

Intevpretation

trace }

5,2 ; ﬁi_ natvra | 1'{.'“\ va i | ¢ welﬁ"\'{.‘s with ﬂy:q. > +12
[( ) S'I ‘{ '1[5 Y LH ﬁ( ;'(5] I By Y M — P W:_f‘-% _;6 t\"af,&{?.gs I
[-('571) 1 L e e —— QH %""“'Ks] L.__i' § = - % i i - G S : _..:

[(11’1—)-:; : '{CAE«’.Q to red et

rrd LS e Fpr'!(’(c(ﬁ, nel u.,?.‘t Ff?v‘wt’] CV\aJ(‘\/\rQ ‘ﬂ.o't'
[er KH electro

n > Sinalet Lunader L;a{!n]

LQ Giﬂiwv---c,ﬁ.cicj
[_&-Aio‘lv\t Su (6) c 014\'& A we

AR 1,_'&;.v1"\‘
—

SU(B) ana SU(2)] Nete “can go te larger grovps
SO(10) > SY(8) 7
2ad  devblet  sndes gu(2)] E¢ 2 SO(10).. §

=

[leﬁo""% ""'"\3{@‘;. uwder SU(3)

sSee. (q,)

albove.

\J(M) o k’}(\"‘l_) x U(\,\‘L) ‘/}1 = ’-flz = N

[vatoral evbeddive

U‘C.owzptlé’y -Jecfrrd
SO(N) = (E)O<V\,L> XSO(V;_L) Space
; 5 SO~ reak vector oph e
Se(N) D Sp (ns) x Spon) e
(Rl N-1 T

e, 7 8 j_

e—
SUN) D 5 (V) < U(na)) = 50w = 5UC) < UG
Rﬂwo\“vxﬁ Cartan elewe nt

“"J‘\o = . - v
peep be 14 (non- zere teoce) o e
on \ooth sides |

\Jc_c"tOf 6{:4(,6-’]

rr?Mou tha

.



LQ,C,*L\J!"L 29 P(l’{(cle cﬂmme‘t’ries

=
G DO H
EHOW -(_(mt’-. svuch Qulosfoup.?]

S0(8)> S0(4) ~xSo(1) = su)*

e e —
rank:" Lﬁ- %—"1

. . . - g
[.ﬂi_\@ﬁ : 6"'2"‘ C‘V et mre r\” ce% bR 50;9_‘4;(00?5"

y W

Qlﬁ. o, T emi!oe)\ Eé Lrweide E_r,_?:l

E7 o Eé > S U(‘Z_\) Lo ccrreci’?] ENO]

E,D ?x 7
E_? ), Eg._, = \}(’L) * . :
E2 2 So(12) xS U(2) cang: F o= 6 o4+ P

C-o"‘g;d\er t\/\ﬁz D:j"‘}(\“\r\ A.LAS:"@\M &

Byt oo

15.412 2041

Cranic]
L?v—e,st ryed  in
t\n;s a\?,cpaw\fioﬁ‘ltuoh:l



llv.

L‘ g%

e

T g

. i 2%
BT
[L*'—ﬂ?td“" « TP I.,.,_\} i .
v - - i - =
;'_,"'-ﬂ!'_g {‘I}i\l-) - 1 ‘_"G‘C\-‘ 2 |-.)C'I.‘_ - ‘?! —
Ay *h.l'.’,i Tt et ——
‘f"""b ¢ 4P _ §.p 4+
¥ g E.',u;g’ .IJ.J.-N, 11, snsy Fard_ =} G . i
| {qg_‘.‘ tk = =y ‘:‘ LR ~ 3 —'- = N3 ¥
rm_[ﬂ\,n“,-,} - (82 - .-l'j ST
R (¥t = _F0 oo
| g e 33{-’{3 = 3 B
s R B * P T {f}\‘ : ‘(l- lllqjq_ - q.-—i
o :‘ [ ‘ _.; awd T = ":J
I::’t“.-d "d Aloest P 3 Fd) &
hall T o Do e ~‘I o —
[
| N
G
| }
| -



ol Bt Partiele Sywwefcies 16.12.2041

E:romc,‘mihﬂ Pulins

G H and write RG, = Z R H with £,

Wz \ayge |

30\ c,('g;j trn rf".vs

VEN) S TEUlwd), with 2w 2N

SU(N)> U(i)'(‘i T SU(w), them

L:

S50(N) = I S0 {we)ides

S?(\N) - KT}_ SDF(V\L\\';A\QW‘.

DémKL\r\ we tthod - to C.va.s{)ut& the de c,ow\?ot_.‘k'tiom (\.F,,r e hmos Eak B
Q,><c,ep‘itiomak Sroupﬁv vee exlewded D:‘\AKQM Jd aqram
(‘Fo( afFine {9 o\\_ge,\aro\\)‘.

"LOLOL ovi @ V\oAQ/ t\na't ‘\nofa a {,cag\d-r‘ ‘:F&‘Ah’fﬂ‘t- w\"CL\ _tL\Q_,
node of  the rd joiwt rep

0>

B..: o~——o—-o———~o#o =

il T T e

('D?.cauﬁa A skdj = V\-{-Q_)

D, Cf—';_*-*< —~

27 vank AS
2qain {5 the adj

thev-.é.e.d\ AL & A v oonwg

(has n+d nodes)

g

e
5

A O—O——o-u_ o 5 =

\Mi —/ g

I >

- T

\

PP e ]
/

N O

(V\nore

gjw\ W\etrica«ll\j}

A

W O==0——0- - - =0



\’J&cfa«uét -ror' 60(\:\)‘00{3 = 2"“* P 7 AS
Tor  Sp (M), 2d{ = 27" rank Sym
avd becavse 1t ie  [2,0...0],we will pvt 2 Livee from the wode

Corre,el‘gomé\'\wg Lo [:’l_\ .. : . Oj

(wetes acalafao\

Fromm board

P-S""‘}‘O&A‘i\ﬁ L\(_rc]
3

Eceeebs oo ile
. [o\dj %

EG: O‘*—O——L—O—Q é E-’C,:

™~ 0

U
m
4
: L
&‘»f

adj

Eg : E l—o—o
& N N VA & = £, o )‘& O O——0

/‘ adi

M\S -(w\nare, Ls the a\a\\io(_v\t?
Cown C-va\‘;u't,eu J(,'\ne_, 6\\\:\4)

2 oo = Gt o—aeo

A

Ftt- . O———O0=——=—0—0 @ F_q. . O“‘“—O—“O—%mo o

a&;\.

N
Pr"as(. - U‘*{jicyv\ L e wvnove A v\cao‘l;e_ 'r:\ro‘am, {Z,\r\?__ [ 3594 JCQ—\A&\ eA D:&V\KI\'.V\ 0LL 43 G‘
1

the vrewman 'A-\MS 0\1‘0\3 S A evhﬁls O‘F t\«& Oriskv\&\l. jPG—
_.E."ZEP““"‘E“Q-'

A
Dv‘ 3‘&\19.5 \pﬁ re v U \AS o~ wede sowme where

[V\DAQ.,. e voval (p\o\;c_aﬁ'tw\,
>>—o—o-~-—o ; o—-—<v———<'

|°3 " :!
K nwod ¢35 bl

mlohﬂ ‘tr\'\?_» Live

?D“D DKXDM-(

e. SO(2.) D SO (2K)x SO(2w-2K)

2



Lechore 20 Part Lele 53mme,‘b\‘ie.5 16.12.2011

Specitic cages -

@]
© o—0 - = + B 80 (2w =) 56 Su(2) x SU(2)
o M
T =2 SO (W)

Moke Hhat %his sebhcd e wet cowplete ana vee fol maiunly

F_or Q—KCQT){;;Ow;aK coses
Fay

cF AL 3L\;e,<3 AL o~nlj 2 vselescs

- B, qlves > 6---0 + O---0=3=0 = Dy and B\n-\(

oy

SO (2vw+1) > so(2k) x S0 2w -2+ 1)

For the \ael vode, gives  S0(2n+1) D> SO(2.)

4 G’.,_ 31\10_5 G?_ The Erivinl dwmgsier (ulq ; o;é_’@)
AL x Ay = SU(2)x sV(2) (via o - o)
A, = SU(?) (via o—o0 )

S SWE)yx.SUe) - & & L SIAE) < &,

. E Ot ) lE.A "Fu L)
(o SO (L\-)) :oa.e—;: ;.SF%&V\G\(O\M_-'G_E

Al
* FL;- 3'\\1‘2,5 F;_!_ [wetee copic,dk Frow
hoard P_\S_) \oe,ﬂi\n \ne,raj

Ay x C,. =
1 3 SVU(2) x S\O( )
Ao x A, = SU(3) x SU (2)
Az x AL = SU(4) x sU ()
B.= S0 (9)
‘Eg (aleo called E,) qives Eq
Ay v €z
A, <E
//-\3 x Dg = SU(W) x SO(10)= $0(6)x SO(19)
So AyxDs = 50(6) x S0(10) A = Ay = SU(S) % SU(S) (becavse Ay=Ds)
C S0(1€) =Dy A x Ay x Ag l
So ASX Dg ‘s mol maximal Al 7 A:,; Ed]ESQQ.PLI-]
(Cdn ewmlsed it v anellher su\as‘:) DSESO(lé)

Ao =5U6) 2,



L3 E, D SU(s)x sU(5)

2468 — (2,1) + (1,26) +(5,5)+ (5,5)

\_..._.__.—..._,-—’—'—-—.__.J\_‘______(_____._/

(Fbmaa,adj)+ 4 )
éi(tk \ﬂo{: C‘_V‘ouéi‘“

net e.v\ouﬂl—\

or + (6,55)+ (10)3)

t (5,10)+ (5,10) ok?
A

* E.é gWe,g E-é

A
/&\174 AS Seo ALXA_LX AS L E%
{ not wiawipal be cavee
A, = A, x A, |

(A xAg)x A, < Ko to B o By

(de Asa".m the same_\)

F;f‘ (Qrokk )

cep of G ofF din w, we can ewbed £ n SO(w)

> 2 SOl

n&——— W

Exaw.ﬁ\e,

SUG) € S0(w> -1) from the dim of the a4

detl (ml—l) re“) 5 JC‘/‘!& \"QF o"'_ 60(0\1_\,_. (;\AJ)

[Notes (,o?i.e.o\ L S
board F,Géamd lnﬁ,rg]



[hetes copied

Le¥ pp- 4733
"
.o .o T Noan
4 o TS - S— — after leckure
) ended. ]
E eao{\g -
)
A Q
F_: OMWO—O—_.J:_:)___.O__O
7 f l [1301 o, O]

t

o ';xj'

. |___| [ ] [o;i,¥o}mj
- F

E : Vi N, Vg
g O-—m—?~—‘~-0—_o——<>-—o—~0~—o [__J
M“J. S % =

{2sl [0,0,1,0]

2 {

N, :
]

A :

P An: [10...0 1]

B.. [0,14,0...0]

e vnove s wede Frowe o the extendeay Dhupnldn Aiagram G
1Y ‘-._J —~—

Y‘cf\nal\/\.iv\ﬁ A{aﬁraw\ s o~ 4_\;“,,47'90\{9 ot G-
|

D >____OXO‘{ e L
4

e} o}
\/\..,’Z

SO(2n-4)x
SVU(2) x gu(f)_)

Dn > D« x B,y S0(2n) > S0(2K)x $O(2n-2K)
A 0\0
%w-' e . O
S X o—o=3p SO (2-+4) D SO(2k) x SO(2n-2x +1)
S w- K
R K
Ga By G?. SO(?—V\""l) ) go<2h)
) o DALxX Ay SU(Z)KSUC?’) CG’Z
>A, SU(3) C G,

£



Particle Suvametories
~—

-

|: a,c,ﬁ U 2— )

Beais sl g gukes
[eF ‘9?'3"51-]

OO

F’%‘;ALXC3\’A1K A 3 A > Ay Ete

- = SO(G)

| SVU(E) < £0(10)

E:s\‘ A, x Es, Aq_x E.é_; f\_i.:,—(_)f) Ay x Au
T s
L\ixA'LVAS\ A’LXA?) Dg\, A‘g V"‘o‘-)fk'ma'.\

Ee = SU(8) = SU(5)

1e L7 ZO LT

[Lofieo\ ‘F:‘o.-\
boaed oFter
lectore ended]

|

26:€— (24,2) + (1,26) * (5, 10) +(10, 5} (5,10} + (5, i3

A 0
E¢

o SO

SUERY € &,

For & real repee se wi okl ow of an ﬂf‘ouvo G
SU() € S o (v -1)

ao\j e T~ 1

G & S0 () Exavple

V€ v

of i e wsion "



