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|④ 4- point tachyon amplitude ( osntinued )
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let's try to discuss conformal transformations and
the gauge fixing procedure in more generality

The group of communal transformations of
the upper - half plane is PSL (2,1/2)
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One can find a transformation which maps
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Of particular interest for us is the fact that the

group of oomhvmaf transformations PSL 12 , IR) of the
Uttp premium the cyclic ordering of any four points
on the boundaryF-
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Preservation of the cyclic ordering of 4 points on the boundary
implies a cyclic symmetry of the 4 point amplitude .



This is what we are integrating over in the four
point amplitude 1
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We say that coin is the moduli space of

conformal structures on the UHP with four marked
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We will comment briefly on this notion of moduli
Ipau later



Fadeev - Popov gang fixing :

we could have written the four point amplitude as

ovj-E.mg?fdh-,dhidhsdzuLVftuIVslh-iNTlHJi'" Iµu, ;µ)
(very nice : invariant under anf Wan)f)

and then use the Fadeeu- Popov procedure to fix thegauge .

Imposing : 71=1-0, titi tu=Éu

off fdtidñd↳d£u 8th , - E)S1A-2II Shin - ti) / Det %¥¥¥⇒
Fi

T✗ < ÑftuÑdñiÑHoÑiH¥ .

Fadeev - Popov determinant



/ Det 1%11%11%-1 = Jauohian of the Namibmatron
from toil , but] to 41 , toi -1

= An - to] It, -4) this-2-17

where 8A = k-i-toh.tt ,A
41-1 to E L-11

. Infinitesimal M know; transformation 1-1=8 b%ÉTl identity matrix : a-D= '
c=b=o ⇒

to = 28a

✗ ,
= - f c

Jae = / £ , £, *a row > → 22%1: : :|
= try] Z], 2- hi

-



dm -measure on UITP

gi'dñdÉdÉda-usia-ia-ilsia-o-T-ijsii-i-E.zi-z.IE/a-i*iH:--------------
-

. -

✗ < ÑftuÑdñÑHoÑiH¥

(
choose to:-O , 23=1 ,

zi-h-s-limgfjda-ln.hn< Taint Ñ 111 ÑtHÑ 101 >
up

n→- -

= got folk C41 ÑhÑVñ / It>

ps , this ÉÉmo÷u
.

,



cyclic symmetry : an elegant way to make the

cyclic symmetry of amplitudes manifest is by

iÉthnap a- Éi¥÷
which maps UHP→ unit disk

⇒if
""

*:
-

- • I
0

• <✗
=neÉ

✗ ✗ ✗ ✗

☐ <2- a

go]

'•

• boundary ⇐ I → boundaryof unit disk IW1? I



I comments on the gmerd picture

In string perturbation theory we are
interested in the amplitude for the scattering
of asymptotic in and out states ( the S-matrix)

We have discussed a number of ideas and tools

for computing amplitudes.

wrap up this chapter on interactions with a
number of comments on the Asas learned and

on the annual picture for scattering amplitudes



To study string amplitudes we use

physical statesc- vertex correspondence
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Moreover
, by a Wide rotation together with wise

coordinate changes we map the brunttian wolrd

sheet into Euclidean world sheet and the
amplitudes have now an interpretation on this

Euclidean world sheet
.
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closed strings
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The string Artur b.ation series is agree expansion
closed string tree 1- loop 2- loops
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At each order in perturbation level : Ie diagram
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however low genus isn't so bad (we did free level examples )
1- loop amplitude calculations are rather interesting )



Remarks .
-

① -0M diagrams now order in perturbation theory

③ Deprivation limits look likemango Feynman diagrams
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③ Generalization of DHS duality



☒An interesting generalization of DHS duality
is the op-ed duality :(to be disarmed inlecture 12)

Consider the following 1 - loop 0pm shiny
amplitude : the annulus amplitude
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But topologically this is the same as a

cylinder so instead we can reinterpret this

whop open string amplitude as a trek
closed string amplitude c. Been

magical amplitude
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gene grav. couplingConsistency : gc = G? go- up gang hunting .



③Final remark : hV behavior (see D Tong's
lecture mths )

• . NV - limitmess holds tsr all top diagrams
up to 2 loops

.

↳ 2 - bop finite theory of gravity
interacting with matteo in higher dins

However so far there is m proof for all
loops

. - r.



Next : strings in background fields



let's try to discuss conformal transformations and
the gang fixing procedure inEly .

Recall : lecture 4)

A conformal transformation of althicmannioin or bran#an)
manifold E is a diffeomorphism 5 i→É(5) that
preserves the metric up to resealing it
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(a special case is an isometry tar which A = D)

The infinitesimal conformal transformations can
be described explicitly .



In fact , a autumnal transformation
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Then we have found the classical bosonic

string theory is invariant under a larger group
of symmetries
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