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Reath from Last time : (A

non-ablion and

ofLie algebra simple if Uh c of ideal : h = do] on h = log]
i
le algebra semi-simple if=Fie simple

.

G Lie
group simple if KHGround

H - {e} . H- G

connected ㅣ
G non-abelian

& semi-simple if of is semi-simple .

Lemma : G simple # o simple.

Part : If sheet h < of idea -H <G connected
nommalsubgrap

of non-abelienf Gron-abelian. □

Warning
:
G semi ·simple * G = Tt Gi

↳ simple
.

Ex : ZInE = 2(SUInI) 2o SU/uIxSU/n)
dieganal

G = (SU(n) + Su(n))/(EInE)
g = Sulutsu(n) but can show G not a product.

But True for G simply connected.



of
Lie algebra ? How to determine if of is semi-simple

- or not ?
Ihm: of semi-simple# The Killing form
(nor proof) (-, -) is non-degenerate

((X
, Y) : = tr(adx moly) and-inut

symmetry bilineo )
form

VXeglos , 5 Y eo
⇌ s . t. IX , Y1 t0 .

&:. If of =
Lie (f) G compact connected lie group.

& semi-simple Z(oy) = 0.

· G connected compact(ie group.

Gsemi-simpleD dim Zly) =0.
↳noti
=
(- 、
_ )= 0 1-, ) To so non-degenerate ·

[

E :· Unl not semi-simple (compact
· SUlu)

, SO(n) simple (compact
· SL/n

, IR) simple (non-compoct)
· IR"not semi-simple (non-compact)



③-

Ihm [classification of compact simple simply connected Lie groups)
A compact simple simply connected Lie group is exactly one
of the following :
af Splu) n≥ L dim= n([n+ 1) rank = n

" {AEGL (n 、
IH) IATA =I}

b) SUIu /AEGLIn ,
DIATA =I

,
detA =1] 3

dim = n2-1 rank
=n-1

& Spin(n) = double cover of n ≥ 7

Solul = (A-GL(n
,
(R)/ATA = I

,
detA = 2)

1) Exceptional cases :
G2 dim = 24 nk = 2

( dim = 52 rk - 4

Es dim
= 78 rk = 6

E7 dim= 233 vk
= 7

‰ dim = 248 rb = &

-



low dimensions : ④
·
dim = 1 50(2) = S2UK) ?abelian not simple

·
dim = 2 Th S&x52 ? abelian not simple

·
dim= 3 SU(4 = Spin(s) = Sp11) = S3

· Spin() = SU(2)xSU/L) semi-simple not simple .

· Spin (5) = Sp(2)
· Spin(f) = SU(4)

Classification vin Dynkin diagram :

An a n dots to SUln+ 1)

Bu -. Spin(2n +1)

En -Fo Sp(u)
Pu - Spin(2n)\
a ·E .

Fy ·--

Eo·

EZ -Le

Eo aLoro-.



Exceptional groups are related toactorious : §
O= Span 32 , en ..., e7] = 1RS e = -1

③ eztez = er

t ecte. =
e
6

、 ejx2j = ey⑦

**L , eyx ex = eq

eot ez = es

erxex ← es

2 x e4 ies

e2x(exey= 2xg = e

ㅣ
-> Cyclic permutations .

(estal + = exe =
- e

Not associative !
Facts: Fp = Isonetry group of a 16-dim Rien menfold CP

Weyl group= symmetry group of 26-cell
1W1= 1752

Es
, Ez , Eg

WEjl= 52840 IWezl = 250310 IWel = 2
* 33527

=> 696729600


