
 

Proposition 2

A non trivial chiral vertex operator

4 ht Ha Ha this E

exists if and only if the highest weights
no t and Acs satisfy the quantum
Clebsch Gordan condition at level K

Conformal invariance Prop 485

restriction to Va Va Vw is given

by zao Aro Atp
where p is a basis of
Hong Va Vaas

4 is uniquely determined by
it

Decompose 4142 into 41421 12011421
such that Iou sends Hald to Hdd n

By using Prop I and Gi together with
the definition of Lo one can check the

relation Lo tofuzD Gda Aa Aka
exercise



locoH Oe Va can be written in the form
41427 Oulu z

n

where I Aust Aa In 414 Ha d Haft
Proposition 3

The primary field locoH o e Va satisfies
the relation

Ln 011427 E'fdaz na loco z l

for any integer
n

exercise

Interpretation

loco dz is invariant under local hot

conformal transformations namely we have

loco daff locoH

for fecal z e G this gives
Se 410,21 A E G TECH locoz s

In particular in the case Eczkez the

right hand side of 2 coincides with Cil



Let hand sides also coincide Next define
XCH and TCH by

HH Ee X th z
n I

TG Luz
n 2

where X e og and both XCH and TCH
are formal power series in 2 For netta

IE HI Sy XHu G X tTE a

is expressed as a finite sum similarly
for TG energy momentum

tensor

OPE
X w HH w E ETHxotyck.to

Assume Iwl HI o Using gauge in o

the above expression can be written as

z
w z t k

E do Xo R Cu H

where R w z is regular in the sense

that y R w 213 is Lol V K H.io yet



X w 410,27 in region 14 121 o

is analytically continued to loco.HXCw

defined in region At 14 0

operator product expansion of X w

and loco z

similarly we have

TCullocont GEEZ 4144

Ra w z

in the region Iwl IH o where Rhu H
is regular in w z analytically
continued to offer 2 Tcw in region
f I Iwl 0 In the region 1442 1 0

we have

1 w TCH ftp.t If7 i IzZzTCz
Rs w Z

where Rs w z is regular in w z

analytically continued to region
121 1420 TCH Tcw



Lemma l

X th 410,21 wnxcwtdco.edu

Ln 41441 f
w T w GHdw

where C is an oriented small circle
in the w plane turning around z

counterclockwise

Proofi
We will show the second equality
the first one is analogous Fix a

point in the w plane with coordinates

consider the following contours

C
o



and the corresponding residues

1 w Iz Lu w
n 2

Luol GH 2
W T w locozIdw

oiHLn fgw luHTCw7dw

w T w 4144dm wh 4142 1174 do

Wh T w loco dw

combining Lemma 1 and OPE s

we obtain commutator i

Next we explain how 4 gives rise to

Virasoro Lie algebra Let y be a circle

in the z plane with parameter
2 re

F G O E G E l

Take circles C and Cz in the w plane
and suppose r Crc r Then we have

Ln 2 fwm Tfw TCz dwdz



Lu Lin
z

g
fawn z T Tcwdwd

Thus for a circle C as in the above

picture we get
Ln Ln

2

h
w E THT d dz

Combining with OPE 41 we obtain the

Virasoro Lie algebra a

Definition
For a transformation f of the complex
plane we introduce the Schwarzian der

SHH f zffffi.IT
Lemma 2

For a Mobius transformation
fCH acEIbde a b e de f ad be I

the equality Sff z o holds for any Zee
Conversely if Scf21 0 for any 2 e E

then f is a Mobius transformation



From the OPE of the energy momentum
tensor we get
G SET CG ZzTG 1 2 E'CATCH fze z

TCH is not a co variant tensor

of order 2

For 2 2
4 1

n l o l fe generates a

global Mobius trf and fze 0

Integral form of H
Proposition 4

For a hot transformation w fat
we have

TGI Ff Tat ES Cf z


