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1 What is the Lie group SU(N). What are the generators of su(N)?



2 Introduce an upper/lower index notation for handling tensor

transformations under SU(N).

Recall: 501N) MESOLN) M'M= I

built irrepsout o f tensors."I.MY/fimjYkI&Tkk....
#M§¥kjTj.'-'=Tµ..
.

what doesn't work i n Soul: MikMk,'#guy,;
Turn to SUN):

'%%¥1=wt
ordinary redor: x i fix→Ux)

(U'7ikVkj=Sij- VI.Uk; xinguijxi
Uikµkj=UikUjk=Sij [onlycontractraisedindex4

lowere
d][→big tij=U;' anothervector:

Y;→ Tidy; ly→UTI]
go,ivkj-gij-uikuj.la



3 How do we write representations of SU(N) in terms of tensors?

irreducible

scalar (trivial) 1 -d im i c ¥ 4 C U h l (bold)

fundamental (N-din) (vector): x i → Vijxi (N)
anti-fundamental (conjugatevector): Y ;→ Viing. (AT)

distinct irreps [when N>2]
proceed a l a 501N):

NON : Xij i n 11

M e invarianttensor
is?#"i8%- thx)

N¥,?= l o t (NZ-1)
thx) X-Intra)

(traceless)

N o n : Y ' #'f:[Yip;
symmetric
antisymmetric

DOESNothave,
[forM$2]



4 How do we use the Levi-Civita tensor to raise and lower indices?

detw)=l
↳sun,

U"
j ,
U"jiving,Eti-i-in= qi,iz...i n

t
42'-'N= L
[2134..N=-,

E"'-'=o

✓"j,..-Viv
j , Ei,...intEj,..-IN

similar t o SOLN): i f e .g .
tensor N raised

antisymmetric indices

Ail-i-i n=-Ain---i,

↳ Ei,;..-in
Ai'"'"' = AF, i n thetrivial

Air---in-
a =

-Aini,iz..-in,
Ei,...;µAi''.-in-
tai,



5 Express the irreps of SU(2) in terms of tensors.

Recall irreps o fSuh): j = O,L ,l ,Zz.....
HEP i 1 , 2 ,

3.4.25...
qmiiiiii
iii.fi

(scalar)c × # ↳ µij=xijg+
Fiji

(vector)

EijX'= eijxiai s scalar!
Why i s n o I ?

general Xiii s 202=3,0la
y,a

Eisy;=p:
Claim: q-dimensional irrepof

I n general, u s e Elit o
see2 ) correspondt ofully

raiseany lowered index symmetric tensor4
i n any

proposedirrep Ti-ji. giraisedindias.



6 Express the irreps of SU(3) in terms of tensors.

Claim Al l irrepso f 5041 a r e tensors4 m fully symmetric

raised, n fully symmetric lowered
indices: (m,n )

y i i .
i n

j,...,;
= y

'21is...im

i..-in
=
yijjj.in?..jn-traak#

why? Suppos
e yik.''... = -y"'"...

Y;
- ' '

. . .
= Eikjy"'"...

Ykj e 4mm}8kj+
(tracelesspiece]

(O,O )
(trivial)

( l ,l )



7 How do we multiply together irreps of SU(3)?

lminionmin't?
qIi÷¥÷"el,

pike

#I i contract i w l d o r KwijT
#2 : i k might b e antisym... o r j e
Examype:

(1,11×04,1)=(01010411011,170+10,3) 0113,0)-(2,2)

91%04"'re 04%1,0 Yi;"e

1010)§¥sslbl¥
[Eikm9%=4j
em

, , , ,

oreilealreadysy
m.

[thissymmetric, 10,3,

Ed"y¥iyikn

(2,2)



8 What are the dimensions of the (m,n) irrep of SU(3)?


