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Introduction

· With very minor exceptions ,
our world is perfectly

described by
I = I guar .

-Isin

· Here Zsm specifies a "conventional" &FT (scalars,
fermious , gauge fields) and the most important exceptions
are DM

,
baryon asymmetry & cosmol

- inflation.

· As you know , Egrav = EM12 Egr] , may be

viewed as specifying a classical FT
,
with the

fixed being gar = Yurthur
· TakingYour as the "Minkowski" background ,

thepuctuation field ho may be quantized.
Without going much beyond what you learned in

your QFT Lectures ,
one arrives at a "less conventional"

QFT
, namely one with spin-2 particles = gravitons.

· Symbolically ,
one finds ·

&
grav .

~ EMp (104) + h(Onl + Wh? + - -)

or
, after l -> h/Mp

Igrar-Edul +chu



· We can now discuss the key difference between
Isi & I grav :

· In the former
, couplings are dimensionless , allowing

for the key featureofrenormalizability.

· Example : Isi Egetv Fur FM ("QCD")

↑

Dn = QuriAp - i[DniDr] E Lie (Su(3))

"genon field"

Symbolically: Isin>g((DAR + AdA + AY)
or

, after Ap-gAp,

Isn > &(GA) + EgA28A + EgA"

=>m
-
not ; E

S g2

· By contrast ,

in gravity we have analogous
diagrams ,

but with dimensionfull coupling :

k
...

--
k ; Loften:=)

1/Mp YMp
· You should remember from RFT why this dimensionful
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coupling is problematic for renormalization :

SM (more precisely : QCD) : higher-loop-corrections
=> higher powers ofg (dimless !)
=> no reason for divergence
to become worse than "I1".

frarity : higher-loop-corrections

=> higher powers of 1/Mp
=> higher powers 1 for dim .

reasons and

hence worse & worse UV divergence
=> gravity OK as "effective QFT" at

E = Mp
,
but total loss of control

at Er Mp .

·Originof UV divergences : Point-like interactions
,

i .e.

- Integrate

X Sdixd"y
D(x-y) diverges at xmy

· ideafor improvement : Replace point-particles
by strings

- replace by
q-
-g-

-> time
-> time
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· On the right ,
there is no "interaction point" or "Vertex".

There is only an "interaction region" ,

the size of which

is set by the typical size Is w1/Ms of the string.

=> UV divergences automatically cut off by Ms .

· As a basis for each "string-string-scattering" ,
we will

need to quantize a single freestring :

*↑ => After quantization ,
one

finds a discrete set of
x x = t

vibrational modes with
-

D-dim , "target space" different masses & epins .

· At low energies , only the lightest (as we will see

massless) such modes are relevant· They are the

particles (including a graviton) of a d-dimensional

QFT- the low-energy EFT ofetring theory .

· As we will see
,
D is not arbitrary but fixed by certain

consistency requirements of the quantization process :

- Bosonic string => D = 26 (nevertheless
,
the resulting

QFT has unstable racuum/
- Superstring => D = 10 (more or less unique 10d

QFT - a 10 d "supergravity")
· To describe our world

,
need to "compactify" extra dims:



j

· i . e.: Consider solutions of the above 10d SUGRA of

type Mo = Ri * My ,
with Ms a compact

manifold
,
in general with certain VEUs of

different fields of the SUGRA .

· Since there are potentially very many (2.g. 10500)
ench choices of Ms ,

one speaks of the

"thingtheory landscape" :

vie[potential of the 4d E
resulting from the e
compactification. The a "metastable" vacuum,

field y may be thought potentially describing our world.

of as parameterizing the

space of different manifoses MoJ
·Thereare many open problems :

·

- Quantitative understanding of the "landscape".

(Even the existence of metastable vacua with

susy-breaking and pos- cosm constant - as in our

world - is not established
. )

- How is the landscape populated in cosmology ?

- How to treat time-dep . gravitational backgrounds ,

in particular singularities ,
instring theory ?
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·Inindependent motivation for studyingstringtheory(ST)

- ST is an indispensible modern tool of modern

research in QFT and GR.

- It provides an explicit IV completion respecting
Poincare symm- and

,
if desired

,

susy.

- Via AdS/CFT
,
which is deeply rooted in ST ,

it

allows for the study of non-pert. effects in both

GR and QFT
.

[Aside : AdS/CFT is an equivalence ("duality")
between GR in Anti-de-Sitter space and a specific

conformal field theory (without gravity) in one dimension

less
. I


