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6Kaluza-Klein compactification ,
dualities

,
AdSICFT

,

Iowardsthe real world

#Kaluza-Klein compactifications

· Both for practical reasons (10d-hd "real worldphysics") as well

as for conceptual reasons (See below)
,

it is important to understand

how d-dim .
Theories can follow from D-dim

. theories (dD) .

·Let us look at a very simple toy model ;
i.

. e
.

S = -fa& (*y((8*

y) =
M = 0

,
1

,
2

,
3

,
5

↑

· often convenient : x
*

= Y ,

it would be strange to talk
about the "5-th dimension" x

*(
X = (yi3

,
m = 0..3

· consider this theory on grometry M = IRP3x S& (radius R)

· w. log . Y(x,y)= Uns (y(R)+ sin(ny(R)

=> S= - TR(d"x[(yY(040) + 1994 mi(23 +
--

↑M()8u( )-- T

where my= arises from Ocos(yIR)= sin(nyR

and we used orthogonality of sinkos modes under y-integration.

=> 4d theory of one zero mode (yo) and a tower of messive
KK-modes

.

( : Exp-ansolf also works.
See problems. (
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#te : This also works will more complicated theories
,

including gravity. The famous historical "Kaluza-Main

Rory is gravity on1RP3XS1 :

S ~ JaFaME1Lamn] Ginn (x - -

, xx5) - 5dmehic

~ SdixFg(MER([gr] + (@y/y) + Fur FM + massive)
↑ ↑ ↑4d-metric

~ G55 An-zero mode= 200 mode of Gov (size of Se of Gsi
or "variable"RI

· This would ano work for e
.g. IB on RP3X TG,

but we would get a highly-sUSY theory in hd with lots of
massless scalars (corresponding eg to the moduli of TP).

116. 2 T-duality

· Return to bosonic elring (just for simplicity) and replace our

targetspace IR125 by IR*2 xS"·

=> XI is periodic with period InR

· Work out the mass-shell constraint in any of the approaches we used before.

=> pl = (N+- 2) + m
-

Also
, by the lle-mode this newferm arises because we can

logic above :

Choose X**[, e) = x*, 0)+inR

(p()
2
= (pM

2

+ (p25)2 (i. e
.

a "windingstring")
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with p25= (Uk momentum") & M = 0
,

.
.

., 24, 26

m = 0...., 24

=> The mass spectrum of the 25d effective theory is

(mess= -(P= (N + -2)+
· Vizualization :

**
↑

·ddition have
non-zero Kle-momentum m.

·Ney observation : Spectrum (and in fact the 25d theory) is invariant
under => n

,
R R=

· This is called "Equality
.

"

· Implication : These 25d theory has two stringy UV-completions :

If one of them has R < &
,
then the other has RJ5

.

Thus
,

one

may say thatIs-va is really in some The smallest distance at

which our field-theoretic intuition about space holds. If we make

the S'smaller
,

control is lost due to many light winding modes. But,

a new
,

T-dual description becomes available in which <R and

winding modes are heavy.

· In supersting theory , T-duality changes not just the radius but

also thehype oftheory : It> IB & het
. SOBI)> hot ExEg
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#3M-theory

· Thanks to dualities
,
the 5 different expersting theories we

learned about are not just different fundamental theories but

different
, calculationally controlled corners of one unique

fundamental theory (sometimes celled M-theory) :
#B

orientfolding &

*Fofcompachitiation
a

I & · 11d SUGRA ("M-theory")theory" compactification
· Faul t

,
EXEg

on 51/2
het

. SO(32)

· We control only the regime of a "large" target space (RVl
and/ow g. 1. The centre of the diagram is the regime where

neither of the above "control handles"applies.

· One of the corners has noetringy UV completion but a

Spoorly understood) UV completion through "M2-branes". This

11d SUGRA theory (the only SURA above D= 10) turns into

type IA string theory upon compactification on s! M2-branes

wrapped on s turn into the fundamental etrings of type IA.

16. 4 . EFT lagrangians

· As already mentionedseveral limes
,

at low energies in 10d we

only see the messten modes. These form the field content of
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of 10d expegravity theories. The intraction terms of these

Meories are precisely reproduced by shing ecottering amplitudes.
We display the IA action Cof- Polch for more details & for the

other actions) :

SIA = SNs + Sr + Scs + fermions- & higherderivatea (k2 = &(24)72 : 4)

with SNs= Jd*Fe(R +4-

Sp=
Ses =-B 1"Murn-Simons"(
-

~ Bypa (Fulps--Mo (Fu)-Mo &Me--
Mo

IFp( = pP(Fplm ---MpEpl--u Min ... amprp
-

· The IB action is similar
, just with different RR-foro-degrees

and a differentCS term.

"(g"
-·bransurpass+Fab) + Mpf(p+
- + form.

& higher-deriv."

DBI-action
"

(Dirac -Born-Infeld (

116.

5 AnsICFT

· A very remarkable quality arises from considering a stack of N
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DJ branes in flot 10d space .

We can only shetch this .

We do not display the 4 dims. parallel to the branes and

draw the 6 orthogonal dims. as :

#R of R = 13

SFj-N I D3s => localized SUIN) SYM theory

The above is the perturbative (g= e41) picture. At largergs,
backreaction effects are considerable (from the D3-mass & F5) and

the geometry gets deformed. This is very similar to a crarged BH:

/
metric :

ds? Hedi gennheise Howards

+Hdy
2

the center of the "Black Brane", this

"throat" goes on for ever/

Hp(r) = 1 + (7
, p

= zhrei vi" - No

dxz = de -de2
, dyz = dr + ridit for p = 3

· low-energy excitations of the SUCN) SYM = gravitational excitations

very deep in the AdS5x55 throat .

This can be made precise

by taking the limit E1 in the moth- sense

=> Rated SU(N) SYM = type IB ST (i.e- gravity!) on AdSgx S5
↑

(gs N = R"(4+2) radius R
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16. 6 Towards the real world

· To realize the idea that STUV-completes gravity + SM in our

real world
,
the best-explored path is to consider a UK-

compactification on a CY)= special 6d compact manifold
↑

~105 different topologies known ,

finite total number conjectured.

· 1
.g. type IB on RP3 x Ms i Mo = CY

:
Paxes-

D-proces
(F

,
MsFO)

(eg . DAs)
Stabilizes #

"Moduli" ↓
SM gange group

Note: CY's are special by being & metter

compact mys with Rur = 0,

such that IRP3X Mo is a solution of Einstein-eqs-
But they can be deformed in many ways ,

still being
CYs

.

This correspondstold ocalar lieds (like g55y
of the 5d+ hd We Merry) . "Turning on Ruxes" can

stabilize Ruse moduli . It can also break SUSY (which

the Cy by itself preserves) · Much moreshould be said...

-> e
.g. book "Naturalmess

, String-landscaped Mulliverse"
& lots of other literature

,
e

.g.

"

Ibanez/Uranga".
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1. 7· Final remarks

1) Our approach to the eupersting (the "RNS superstring") was

to make the WS theory supersymmetric. The alternative,
known as "Green-Schwarz superstring" is to make the target

space supersymmetric :

X Y(t, 2) + 09/7 ,2)

m
= 0, ..., D-1 a = 1, ...,

2PR

2) We argued for the 10d action only perturbatively , through
by adding "thing-realized" particles or waves to 10d flet

space. But one can instead directly consider the WS action

on a non-trial background ,
i . e

.

in the simplest case

S= SarhG() . DaXMOX *
L·

This Id Reory is not free (quedratic in X) any more.

Instead
,

it is an interacting IdQFT. After gauge-fixing ,
i . e.

on a flet Id WS ,
it is then not obvious whether we are dealing

with a CFT . Explicitly , expanding around a point Xo ,

we have :

Gr (X) = Gur(Xo) + Aurg (X-Xo)+ Burso (x-x((X-Xo+ -..

--
can be removed by word. together with 10X12frm ,

choice on target space this gives rise to a

Vertex :

⑳
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· Since Weyl inv.

Es confinvariance
,

we need to

ensure all B-fets. of our IdQFT vanish.
In particular

Bso(G(X, p))= (,
· This can be analyzed order by order in the expansion in

#-XoI sketched above. (This expansion is an expansion in

&
,

as seen by redefining (X-Xo) -> (X-XoIT)

· One finds e.g. Byp(6) = ↓Rgp + --- - Polchinskil

such Most the CFT-condition enforces Ricci-fatness of the

target space ,
i . e. Einstein's eqs-

· More generally , vanishing &-fats. on the WS correspond to

the EOMs of the 10d SUGRA theory.

ThisWasonlystart
Much more could be saida

Thankon for yourettention .


