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④ Interactions

4.1 Generalities :
4.2 Vertex operators : introduction
u
.
] Vertex operators : open string

- tachyon s N

- level 1 & level 2

4.4 Thestate vertex csrvnpondmce



Late :

We introduced www.xopwab-w-to describe
the emission or abortion of physical string
stateswFmd-iu.at
Thing world sheet

primary operator11'> / of weiiht h=1For example :
uns • ¥101

→ 113 11>

process in which state / 2) is emitted lor
branching of an (absorbed ) at the end point 8=0 of
open string in which a fixed string with the vertex V40 ]
am 0pm string in state 11> describing the emission of state 12>
branches into 11'S RA

from F-o at c-



Open string
- Vertex operator for emission /absorption ofa Tachyon

↳It) = : e
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: has h= talk -He
'
= 1
I bv the tachyon
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b we have

level ° to ;k> Vµy= :@
""""

:
tachyon

1×114=1) h=1 precisely for ✗
'KY
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Remarks on normal ordering :
• we have adopted above a convention for the

normal ordering:

*
: ei

""
: us eik -✗

these difln by an exponential e
""→

to normal ordering has no effect when K
"- °

To see this : not that

eik.dm@ik.tn, eiktdm-tnl@tfik.dm ,
ik.tn]

= eiktdmtdnle-d-K-kmfmtn.io



Building vortex operator, bi end one states

For these states 142=0

? we are looking for the photon

emisn.sn/abrortionverhxopwahioVsCII--l.---1:eik.""
:

I -
• some appropriate local operator I
• no zero mile dependence as K? o : . h=o

↳ consider 2, you
. no ordering issue

^



[ Lm , do ✗
"

lit ]= É [ Lm ,
4^16-17

= # 1-ifh-XYHfeimol-e.int/-i2o-m)2u-✗" II )
Then 2- ✗

" LT1 is primary of weight h=1

We could try
✗
polarization

↳ (E) = (5. 2-✗Ii) ) : ei
"×*?

and deal with normal ordering issues .



In 5. 2tX It ) : each oscillator operator is
contracted with 5

In eik.tk ' :
each oscillator operator is
nominated with K

Moreover :
[ dm . 5

, dn-kf-mfmtn.se IS . K)

•

°

.
when 5- K=o (physical polarization) the operator product

(5. sixth ) : ei
"""

: is well defined

Cnsuorveition, from ordering .- )



Then we have :

↳ LEKIS - X. It) ) :ei
" "? with KE0

,
f- k=o 1h =D

Note that

1K . it :c
'

= - i aole
"" )

which vanishes after integrating over 5 .

This means that the longitudinal mode debunks

• It is not a coincidence that the rules for constructing
vortex operators is closely parallel to the construction
of physical states .

Here we have her level 1

vertex operators with ¥ physical states
h=I



Building vertex operators A level two states
Harder . At level two we guess

8µL? É to ;k>← yµjmj°:e
""

:

mass - shell : eek? -a 7=-1
for UK? -2

normal ordering corrections :

In, juju oscillator movdwinags are
proportional to 8mm

so require trace less 8

rfmuim it & : ei "
-×
: oscillatorÉng proportional
to K - J so require

K-I-oietransuersepsl-izah.sn



8µL? É to ;k>← yµjmj°:e
""

:

HIFK? -2)

with ' K -8=0 & 8 Hautes,

These are the conditions for a massive spin two
state

,
that is a symmetric bracelets 2- limbo

of SOLD -11 = 50125 )

It is the only possibility in D= 26.1 see GSW]

in : ei
"? ? ?



As a consequence we have a map

state → operator

in which 1013pm I s Vote) conformal primary
of dimension h=I

For example : noting that : ei "" : has h= £1k -K)

WHO to ;k> , > :@
ik.HN

:

tachyon ftp.k-2

well 15 ;K > i s :(5. jyo-y@ik.kh . 5.1<=0
photon K - 1<=0

°

level > It ;k > I > : ftp.XYo-jj/Yt)eik-✗It! 8%1--0
massive

spin lik - K=-2 K -8=0



Gauge invariance :

levels : for the photon vertex operator with 5 - K

(longitudinal mode )

fdik.xeik-X-ifdioileik.tl unto
boundary terms

so longitudinal mode decouples .



state - vertex correspondence

It is not a coincidence that there is a similarity
between states A vertex apneatoo .

Note that if V41 is a vertex operator describing
the union on for absorption ) from the end point 0=0
at some time T ,

then

✓ It) = eit↳ ✓ (g) e-
in .

because the Hamiltonian is to - a = to -1 .



Forten :

4-(K ,I ) = ; e
"" ""

; = e.
it↳

; eik.NO?.@-itLo
-

VTIKP)

Cormidw the action of this operator on the
zero momentum string vacuum state to;D

to = -ÉÑ+N
VTIK,t ) to ;o> = e'

"°
: ei""" : e-it ↳ to go>

= ei"?ei""°) : to ; o) as Lolo ; 03=0

= eitloek.EE?.eik.xI? e- kÉ ¥ 10 ; o >

= either"¥'ñ&m:e÷÷? as into ;D>⇒
f n} I



VTIK,II to;D = eit" e
k . §, tntm to;µ

Define 2 = e
"
= et

,
where F- - it ( so t is Euclidean

world sheet time) . Then lo=£p4N
VTIK,It to;D = z

" ek.IE 'm d-mio ; k >
= It N ( I + K.tn , + £44 - Lett CK . d-if)t - -

- ) to ;D
~
2-
↳
f- 110 ;D =

e
+N

f- - - I 10 ; K7 . . £ k¥1

Volk ,Illo ; 07=2/1 thi k -hit £241 K -%)HK4Y)tQE)) to;D
Then we can recover the state 10 's K ) from Vt by taking
to ;kS= him ¥ 4- 1k ; t) to ; o> = him e-

t
Vi IK ; it ) 10 : K3

2-→ o t→ -no



Forthep-hstontnk.tn
Vslk ,D= G.ie

""

to;o> = znnj.IS - t.me
!

10 ;D
h

= ( to 15-41-12415 -NHS -d-ihk.at/t---)1ojks

We recover the state IS ;k > Worm

fins ¥ Vslkiitllo ;D



Continuing like this, a pattern becomes clear :

for a physical state 143 with vertex operator Vela
we have

145 = him ¥ he lit) to;D
f-→o

An analogous statement holds for
" out " states

.
For example

-

Cos 01 4- IK; it ) = to ;k I e.
% th d" - K

z
- to

= ¥ to .sk/fItti'ld , i k ) + at tilde . K+ 14 .Kitt . -I

< on
, kf-li.IO ZC90 1VHk.TT = titty,et Loi ol U, Ikj it )



145 = him ¥ he lit) to;D in
f-→o

<41 = him to Coiolvolitl out
2-→ no

One can also on this to describe an incoming state its
for an outgoing state C41 ) by acting with the
vortex operator on the two momentum vacuum stab
in the infinite Euclidean past ie t→ -a trap Euclidean
future , t

→a)



The picture presented here is part a gmwaltreatment
of the operator - state correspondence in confirmatory
where the gmeral construction is

A lot- 14 > = him 2ha A little>
&

to -•

- that qq.z-hn.cn/tlit)
where Irs is the vacuum state .



Next :

→ Vertex operators for the Chad string
→ 3 a 4 point interactions

end of lecture 9


