
ConformalRephcharacter

Conformal group in d dimension is

so d 2 so dt2

Spin dt2 G

covering group

So d is the usual rotation group in Euclidean

space Rd having rank Ldh r

Repa are labelled by r spin gtm A

1h hr 1

The extra 7 dim in sold 2 increases

rank by merit more label gtm
A scaling dim

associated w dilatation of

A SIscompact 1 is quantized

thus li E 2



scaling dim is associated w non compact
direction A EIR continuous

Irrep of Ca are labelled by 5 11 atm
number

A h ihr

as we are working w
so d 12 e

giii.is naa names
lowering ops

In addition to raising and lowering ops

sold 12 e has translation generators pm

lowering ops and special conformal gens

kn raising ops Put

Due to non compart nature lower ingof Pp
can be applied infinitely Mont annihilating



any lowestweight state

explain why unitary rept
are

infinite
dimensional

Unitary irreps consist of some operatorOf

primary

Or spin l
and sealing dim Δ

infinite tower of
derivatives acting on Oe

descendants

Reain fi
Ref is unitary put constraints

on Δ I

The conditions on 1 for finite dimensional

Evereps of so d



I a unitary irrep is labelled by

1 h k shr lie 2

and li titi I m

h b Ar 11H for solar

Then for each 1 satisfying
these

conditions Δ needs to satisfy
a lower

bound Al for the irrep
to be

unitary

Such unitary bounds read as

A 7 Ae
4 2 2 for 1 10 0

d d 2 for 1 1

litd part for all ones f

where I pe r denotes the position of the

last component in 1 h la Ir satisfying

197 1421 41 ftp.t I



Physically the unitary bounds impose

reps to having scaling down that

for free fields or currents

When a bound is saturated i e A A

some descendants
obtained by applying

on is annihilated leads to null and

subsequently negative
norm state

These states need to be removed

and the irret is called short repa

longrepm Kat are not short

Consider I n o 0 NEIN

trace less symm tensors w n indices

unitansbagc.g dl.tr
ntd 2 for 270



saturation corresponding free scalar

for n o

for no we have conserved currents

e.se n s in
n 2 Tin
n 3 higher spin conserved current

In each cases some descendants are

annihilated by derivative action

e free scalar field 220 0 EON

Tin conservation 2nTM o

PA for d 78 we building blocks of

composite ops are scalars chiral spinors

anti self dual form fieldstrength
higher spins



Relf 1 s is.IS
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Free field EOM

Fo 04 0

free fields are short repm



71111111.11T rain of

scaling dim Δ and spin I hi shr

When the irrep doesn't saturate a unitary

bound A A1 then we have

1

ʰʰ

RCA l 01
2m01 ATI Sym D I

A sym D e

Sym D rept formed by nthsynim
product

of vector rep D

l 1,0 0 of sold

Derivative is an 50 d vector

and symmetrization
works due to

commuting nature of partial
derivs



The character is given as

In ain x.IM DCDxib

qAxeld p
d

a x

e
character of spin l rep of

Sold

R Re
XR R2

Momentum generating ft

plᵈ a a 9 x mn
a

n o

9 e'd contribution from primary
block

d
cg a generates

contribution from

all descendants



Shortrepresentation
character formula is modified when a

unitary bound is saturated i e IAIII
Consider me shoot rept formed by the free
scalar field 4 7 Δ d 2 2

and f Q
0 10

EOM provides the shortening condition

only traceless symmetric
components

µ 2mn 4 in the descendants

Then the rep looks like

9
f

ÉÉÉ
f

REA D 24min39



where
D represents sym traceless

rep of so d y n indices

corresponding to 1 n 0 0 0

ef for 5017 ZE DE 2 1 2

702 3 01

sym 2 3 22 422 1

The set of components 22m 2mn39 is

obtained from 2m Jun9 by contracting

two indices and leaving others fully

symmetric i e

IMD n 2

c In 32



Now character of the short rept is

given as

x ̅
d

a 959
9A 9h

s a s 9

q 1 92 p
d
9 x

Thus for free scalar of

x ̅ 19 1 L D
subtracting off the states

9 2m27 2,2m 07
from long rep

9 49 2mime



D Consider conserved current Jn
d d 1,0 0

current conservation OnJM u

2Mjp is an op M A d e

The character of in is given as

7 1 s o o is o

Be consider left handed field strength
in d 4

Fun Funt Fun 7 A 2 1 I d

EOM Bianchi identity 2M Fcm 0

Now MFem is an op Y Δ 3 I 210

Again In has same A 3 I 2,0

Thus 2MFinn saturates unitality band itself



Here 2M 2 Film vanishes automatically

due to anti symmetry

Thus character of Fun in
d 4 is

x ̅ D 1.11.13 x ̅ c D

ms 1.03 4 3

c D 43.11.03 44.10.03
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Ferm in 1 3 2 iii

0 D P D α B

D B β

312 0 0312 P D α B

Bt D

FieldTurf 1 2 it is
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Modifiedplekyst.es

Ica.D.RJ exp I
d

IIII ex 4 SE D

rMeasureJdMLorentz
Jptf pdhsuldk

d so a B

P D a β

L DLR I D xp 1 D9β 1 DBK

5 0 in PE gets cancelled by 149

from Ap in 12



s.i ii.is
9 46 2 3

12 2,46 2n Zit 22

24 73 I

5m 1217 2122 Xs 23 24

3 4,0
D α B gauge

PEE exp 5
a D 28 β 2 228 25 74
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