
µ Now , we
made the connection between spin of a state↳ Inle.me#o..RepnsentiosofEU €

,
and its representation of the proper orthoahr . Loaeatt group.

E. g. i to describe spin j - 5k we need e.g ,

a - 2 . belk Lie algebra such of 5612) : [ si , ski] -- iciih.sk
The corresp. state will have components that describe
spin 312 f- la - bl ) and spin 5k teats) . e. g .

2 - din . repr . :
Si = ( : :) acting on 4=1 : )

3- dim . repr . : si = (: : :) acting on 4=1:)
From QM we remember that 2-dim

. corresp. to spin -
'k

The basic building blocks to construct any Rpms. with me -1112 and 3-dim . corn sp. to
spin - I

for spin j States are the spin - 112 Rpms. ,
with me -11,0, - I . These stakes are often written as ljim ?

To understand this statement be Her , lefts
The dim

. of the repr . is the size of {m} - f ; . . . . ,+;} .
look at the su(2) spin algebra

. Q : How do we explicitly construct the si matrices
for a given spin ?

"÷÷i÷÷÷÷¥÷÷÷±÷÷÷÷:÷÷÷÷÷t÷÷÷÷÷:÷÷÷÷t÷
(5)mm = as m 't si Ism > = ( ÷

" ' )m
,

step ② : Pick the states Is , m
> that are eigenstates to the

⇒ Csm ' l Sg Ism > = m 8mm ,diagonal Sz .

( Sm
' Is

, Issm ) - Tty ( Sm ' 1st -15
-
Ism ) - th# dmym.HN- film .

step ③ : Define ladder operators St -

- ¥( sit is) satisfying
( Sm

' I sat sun > = in Csm 't s
.

- i. Ism > = for. smym, - Num
[ s, .SI]= ISI and [ St , 5-3=53 . Done !

Since 5315in > = m Is , m ) ,

S3 ( Stl Sim ) ) = St
.

S
, Is,m > t.SI/sim7=lmIl)SIlsim7

sets.ms - Is,mID ⇐ Stetson > - NII Sinti>

with N±=taf¥m.fm1
,
nets ,

. . . ,s )
,
Ls .in/s.ml7-- 8mm .

.



Examples : a ) 5=42 ⇒ m E f - "z.tk } ⇒ 2- dim
.

↳ Reduch.onofDidtrepmseth.us ⑥
Nt (m -- - "e) = A- (me -144=1 , Wilmeth) - N

.
he -44=0

"" P "

a.)Direct sum : A ④ B = I ? I ) - diastasis)
is . ) -- ⇐ aim.nl - l ?

.

"

: ) ti 't ④ l : :L -

- fi
-

it :÷ ,)
( Sa) = ( iz Sm '

(my) = ( %
.

-

if) If an arbiter
.
matrix can be written as

Pali M- diag (m, ,
. . . ,
Mn) then it is reducible .

Otherwise it is irreducible
-

(S3 ) - I'm 8mm ) = (
' '

o

' ' +7,2) note : E- to -

.

ifb.) Direct product : 1- ④ B = ! !!!!!) # c.to . cm
b.) 5=-11 ⇒ me { - to, -11 } ⇒ 3-dim

. (c . . )

÷÷÷÷÷÷÷÷÷÷÷÷i÷÷:÷÷÷÷÷÷÷⇒i.int#:'i
by applying the regular rules

'

for adding
angular momentum

.
The matrix elements of U are the

well known Clebsh - Gordon coeff
.

:

n
.

I J
,
M ) = Z C 's

, jzm.ms/JMi.iDliim.7xOlizmD End of Intermezzo
My ihr ZF

S
, -152

U

Hence : ①
( spins. )

④ Despina, = ④ Dl spins )
S - Is, -521

example : Dcspink) ⑤ Dlspiui)

( ÷
.

. - °

) ④ µ.
. .

) =

= D ' "" " ⑦ "milk) ⑦Despise,

( '" " I "

in)
d. o - f

.
of States : Lcd

. . .f
.

* 3 d. of
.

= 12 d.of
.

= 2-14-16 d.of
.



Now
,
we have all necessary ingredients : ⑥ . Duh ,o , Ot Dio, yay : combination of 2 comp. LHTRH £2

Weyl spinors ⇒ 4 dim
. repr .We can explicitly construct spin j representations of A- and B f)""j" D, ⇒ Dirac spinor Y - (I;)And we can use the direct product to obtain higher spin repo. 4 d.of

. for m - I
'k for particle and anti- particle .from lower spin repres.

• Duh
,
vz)

: a - b -
'12 gives states with spin j - O, I

"
• Dco ,o , : a - b -- o represents spin 's -0 states with

exp I.E) ⑤ expfip.ci ) = ( ÷ . -) ⇒ 4 -dim . represent .
I - dim

. repres . with I. = 5=8 ⇒ Diao, -- I ⇒ 4k$
.

l : : ) l : : ) p

Wu) ⇒ states are 4 -vectors Ah
,

• Duh
,
o ) : gives spin j - 'k States with 2 - dim

. repres.
N Nz

F -

- EE ( see p.it ) ,
-73=0 ⇒ Diego, - expfaize.ci) ° ④ Durin = Ot Denny gives states that transform he

n -- i 4--0 life N 4-vectors ⇒ rank N tensorXi =L component left - handed West spinor spin j - heh ' is always intense -
and anti- spinor .

• Dfo
, yet

:
same as above for right - handed Weyl spinor

÷¥÷±÷÷÷÷÷÷÷÷÷÷÷÷.÷÷±.÷÷÷÷÷÷÷±÷÷÷÷e - g .
i - I : Lt . ④ ( ( I. o) ④ (o ,# = (o

, 1) ⑦ ( i.E) ⑦ ftp.ofz ,
, )

countered already for Dirac spinous

the corresp.
state is a spinor - 4 - vector yr = µ÷) .

. Another example : Dci , o ) to Dca , ⇒ spin jet

( : ' ' ) ④ ( : - - ) ⇒ 6 d.of
.

transforms a rant 2 tensor but only 6 d.of
.

Note so far we only considered proper orthocbr . ⇒ anti - symm .

tensor Faso - 2.Ar - 2nA
Lorentz group SO (3,1) ! In general transf

. asym .

• let's
go bad to general rant 2 tensors : trace

there is an element P : I → -I with Dina .in, ④ Dummy - Du , ,y④D( o , e)
④ Dci ④ Plato)is. ← is:*: : : -

-
- -

4x4 d. of. 3×3 d. of. 6 d. of. I d- of
.

Hence
,
a repr . Dca .by of 50GW is not a Npr . of the ⇒ Dci , y transforms a spin 's -2 stale with 9 d.of.

general Lorentz group . = symmetric traceless tensor



II.3.PH#ysicad.o.f € 3.) Massive Raritan - Schwinger field 4" describe

spin 312 state,- but has 4×4=16 d.of
.

1.) Dirac spinors Duccio , Dco
, up
with Y → 4d

-of
-

V
ter: Daily ⑦ Dunn ) ④ Duke, ④ Dfo.lk)

describes LH and RH spin 'k particle + antiparticle .

2.) Massive 4 - vector Dummy with (A+ ) → 4 d.of. One requires the gauge cord
.

4" th - O
.
this

j=0, I removes the pure spinor parts Duno, ④ Dco.in)'

Ao : spin 0 = 4 d.of
.
and one requires 2×419=0 ,

which
II : spin / removes another 4 d.of

.

the spin - O d. of
.

in Ao doesn't lead to
⇒ 8 d.of. remaining that describe spin

- 3k I:L?¥g%?
a physical field excitation because one re - 4.) Massive spin - 2 field : Dun) with Hpv
quires 2µAT=0 in all theories

. Symon
.

traceless tensor I 9 d.of
.
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tricky and requires discussion of the general
. H
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Poincare group ( little group : translations ⇒ mass label)
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"

NOT DONE HERE
.


