
STRING THEORY I

Lecture 8



④ Interactions

14.1J Generalities

QFT :

•
to understand interaction, one adds non-linear twins
to the action

↳ . doesn't work hr the string because anything
you try to add breaks gangs invariance.

• scattering amplitudes → Feynman diagrams
eg H etc

.

interactions encoded at vertices say 2-

↳ in shiny theory this is replaced by ,
air instance

%o or : no such vertices !



Instringthesr# :

Want to compute for example the amplitude of
a given configuration of quantized strings at an

'

initial time to evolve into a new configuration
at a later time

Problem : it is mt known how to do this
. .. .

we need to work with the first quantized formalism



We start by www.dwinq processes in which
a shiny breaks into two cor two so in to give a single shiny)

"" "

How ?



Suppose 123 is a physical state which is
omitted lab towed .

We describe emission or absorption of a given
quantum state Isay Ias ) from a string world sheet

by the aetionofabcalopwatoror-evtexopwa.fr
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One explanation for this is that 123 ,

as a physical state emitted or abroad, is a
a¥um state with

"

mass squared and width
9

• of ordw to
. Arguably in the classical limit

these states behave like paint particles .

I¥ : Cchantw I GSW )

• Wick rotation of the world sheet
/ I lsventtiom signatures Euclidean rignature )

µ . csntsvmal transformation
U

a:*
.

→ 1¥, or EEF - E¥



Vevtexopwato : Introduction

Require :

• time evolution on the wave sheet is a gang
transformation ⇒ position of the vortex operator
should mt be meaninful .

open stringvertex operator fdEh
→ VIE) inserted on the boundary\ 2

oebxd string vortex openwho fdti do V%
0

1¥ 4140 inserted on the interior
g-



• absorption & emission string operators to map
The nhy,
- The phys

and
The null→ thenull

let's see how this works for theopen strings first

consider the action of the vortex operator on a
state lol)

fdt VIE, o) 143



physical state conditions :

Llm-

asm.pl/dEVIoToII&pwssbImso--fdILlm,Vl9oI3Ioipwys3=o-
physical of this vanishes

if [ Lm , Vigo ) I = at 1 local sprats )
-



null states :

{ do VIT,DIL -m 1453 ms ,

= fdtfLVLQOYL-ml.IO/stL-mVlGoI1o7f
-
-
null state

need this to vanish
14pm, IL.mu/Go)lds=ounto a total derivative
~

This is null if [VIGO ) , L-m] ~ at llscalop )
-

Then [ lm , VIGO ) ] - OH
-- 7



Moreover
,

conformal transformations

of the 0pm string of the bum I → IIE ) .
We want

| VLT, a) do → FV7E , a) DE = fvlt, di

f- fun E- II.mint
for f VII.a) do to be under to E

ie VIE, o)→ TIE
,D= VIE , o) DI

DI



Definitions : an operator Alt) is a primary
opwatorof weight h if under the transformation

T → FIT)
it transforms as

he

A IE )-ATEI = AL0 1IE)
For an openator with h= I

/ ATE) DE = f Alt) d¥odE = fact) do
ie the integrated operator is invariant.



For infinitesimal transformations
f- → I = Et ELE 7

we have

Alot → I IET = Alt ) 11th doff)
OT0H

~

ATE) = A- lot E) = AHHE2H H9H
Then we find the variation of A

SALT) = ATT) -Alt) = - E ftp. - h#E)A
= - atte A) - th t ) feet

[which is a total dwiu alive when h = I 3



The klirawro operators generate the transformations
b- → I = little) with E = ieim"

Then

SAID = eimi fist A -1hmA)
so the action of the Virabvo operators is

• IILm.AITIJ-eimttiaotmhlf.LT/
-

Equivalently , this is the condition but to
have oom formal weight h

.

↳⇒ Ilm ,
ACT 13 = at L-ieimtt.lt ) ) v



We need to identify primaries of weight 1
which correspond to the physical states in
the thing Hit but space .

We use this to
compute string amplitudes .



obsedstrings :
A primary operator of dimension 1h

,ÑI is an
operator transforming umhÑmal transformations as

A lot
,
a)→ ÑIE

,
E) = I !É÷)ñ (1£ /

"

that

The corresponding infinitesimal transformations are
SA1E , r) = - 2+ ( EA ) - th-IK2-1EIA- 2- (EA) -Ch-1)f-E)A
( This is a total derivative if h = ñ =/ )

for c- = je
"""

this gives the action of Lm :

[ Lm , A1T-1IJ = £ e
"""

f- is -1+2Mh) ACE )
[ In , A lot )] = je

"""

fi a- + Imñ)A(r±)µ!
C- = £ etimoi , In



I Vortex operators for the 0pm Thing

Csmidw the boundary scalar opwatsv ×YT, 0) :

I a) NIKO tEphi¥ II e-
int

IIT ) anti ofmni,

We can check oomfsvmal transformations

Lm = £ I dm-n.tn

By direct amputation

[ Lm, 44903 = - i [ di e-
"""I

- iffqxmii.no/eimo
so h=oN



Building a vertex operator associated to a Tachyon
-

ofmommtw Imo ,
wound state)

>

4 qtk

⇒ ← K

×
qt

so Vialli to ; qs - lol ; qtk)

Thus we should demand action of momentum

[PM , VK.lt ) ] = K
"

vk.LI ) Imma on V



This means VKLEI must depend on @i.ki '""

A naive guess her Vklt ) is

UK1E) = eik
-KID

As it stands
,
it isnot well defined : it still needs normal orduring .

Consider the normal ordered expression

: eik.tk?=eknIInmeimteikoxitIe-kII&e-int
Remark :kmkuldmm.donl@ik.dm@ik.dm =

@ik-ldmtdnle-atkkmsmtn.fo
• reordering is free if K¥0



Next
,
we need to compute the www.vmal dimension

[ Lm ,
: ei""" ;] .-eimtf-iof-f-mlk.cl/:eikXlt

'

:

PS3 [ from reordering ,
gives h= £1k .KU2

This is a good vortex operator for IK42
same as Tachyon mass - shell condition (d'KID

'

µ

&=éh



Next : • 0pm thing levels 1 & 2 vertex operators
• Vertex operator ← physical states


