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Let's take a look at the four- point Tachyon amplitude
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be now have a very natural Euclidean worldsheet calculation !

*

There is an analogy in ordinary QFT : ie avoids poles due to
on-shell production .
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Continuing with rotated contour :
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All of our operators are now displaced in Euclidean acridsheet time, so we discover a Euclidean worldsheet interpretation of our amplitude :
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We can be a bit more coherent about conformal transformations and gauge fixing now .

The conformal transformations of the upper half plane are
well known to be given by PSL

C2,112) :
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of residual gauge symmetries . It acts triply transitively on the UHP labile preserving cyclic ordering of points on

the boundary . In particular, for any four pants ziezoezy on boundary :
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. In fancier terms, we have that 10,1 ) is the moduli space of conformal structures on the

UHP with four marked points , and this is what we're integrating over in our scattering amplitude calculation .

A bit more on gauge fixing .
Can write our amplitude more carrionHy :
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Remark : defining w -- E maps the UHP to the unit disk !
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Let's take stock of the general picture for string scattering, then .

Physical states {U; )→ Vertex operates Vq.
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it will get quite complicated , though at low genus it isn't so bad .
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The string perturbation series will be a genus expansion :
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Some immediate observations about this set -up :

is One
"

diagram
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per order in perturbation theory
° Degeneration limits look like many Feynman diagrams
° This gives massive generalization of DHS duality



A particularly interesting generalization of DHS duality is open/dosed duality :
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This is actually a magical amplitude
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Finally , the worldsheet picture gives an heuristic explanation ofgood UV behaviour. The source of possible divergences in our string amplitudes is the
boundaries of Me .

too

get singularities from on -shell state propagating for long times
"

all divergences are IR divergences
"


