
STRING THEORY I

Lecture 13



strings in background fields

5. 1 Background hild expansion and the Wool anomalyi

5.2 Including other massless modes i

5.3 Spacetime effective actions i

5.4 The dilators revisited



Last lecture :
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We analysed the actions in terms of the background
field expansion
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dallied EOM



This gives a pnrtuvbattle expansion of the NL0M
in powers of the fluctuations .

Crucially we demanded that the resultingµdim AFT be Weyl invariant at the quantum
level

.

This requirement leads to the computation of
the p -functional .
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Previously we had ignored this term for

④ = anstomt because then the integrated is
a total derivative

.
This however is not the

right way to look at this term in an
interacting theory in a background with
- -

⑤ = I. = constant.



Theorem (differential topology) : Gauss-Bonet theorem
F- 2 I 2 dim surface
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This means that in a background oI=Io

¥ = ⑤ o Igh
where tanis determined by this theorem and
depends on g and h .

Clearly this term in the total action

5 = 5 + 59 + 51$)

adds a factor of e-
to
do some power

determined by 4) to the amplitudes
.



It strings amplitudes :

X-D
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imsmminy k outgoing
status introduce extra boundaries

each logo gets a factor e-
tho

each e.IE closed string gets a factor e-
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③ string amplitudes
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each arm string box gets a factor e
-*

each external open string gets a factor e-
It

t
how ?

lighting argument
He C them 's lecture )



These factors are related to the factors
of the gym string Cap ) & chad

string Cgo ) hunting oomotants :

shifting the dilation § by a two mile
of → Etc

corresponds to a resealing of these saplings

go → go.EC go → go e-
%

so the value of gc Cargo) can be absorbed
into a shift in the expectation value of It



This means that the thing mushing
constants are not parameters of the theory,
in fact they are dynamical and given in
twins of the expectation value of I.

From the annihilation of the annulus
amplitude and reinterpreting it as a
three level I closed string amplitude one

can find the precise normalization factors
we had gin gv
The computation gives : got = 2
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(Polchinski exercise 7. 9)



This is related to the fact that in string
theory there are no continuous parameters

.

Parameters appear then as reputation values
of dynamical spacetime fields .



It seems that we need to have a disunion
about the energy scales involved in the
space-time effective action obtained by requiring
it gives the Beta gwmtions as Eom that

the background spacetime fields need to satisfy .

As we have discussed this amounts to an
n of the effective action .



For the one- loop Peta function we obtained the
effective action to leading order in d ' . We found
in the Thing Name

s = fdkv.fi#fR-attHH4lDEt)HsdB
while in the Einstein frame
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The Einstein frame is constructnoted such
that the Einstein-Hilbert turns takes the

canonical form with
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controls spacetime quantum effects



on the other hand we have the string scale
~

d
'
n Ms

Recall that we obtained an effective theory from the(
NL0M large radius expansion with cutoff Ms )

The string scale controls stringy arreution,
(World sheet quantum corrections )

.

The gravitational nursling k and the
string scale d

'

are related by the expectation
value of the dilation (e# )



We have a dimensionless ratio

III - e¥ to gs - esto

esto → o gives a classical limit in space time

so we have the effective action for energies E ⇐ Ms

in the limit the → a
Mpe



Next : compactification
↳ illustrate . R

""
x Sf

. T - duality


