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't Hooft ; Susskind

"

All d.of . in quantum gravity are associated to

the boundary of spacetime
"

① Observables @ ☒

② S = Area /q
Bit

In fact , Behenstein :

Sary thing is A¥
( static , spherical sym, - -J

Path integral argument :

2- Ip) = @Gp

This was a postulate about gravity . If gravity is

equivalent to
" QM on the boundary

" then it

becomes true by the ordinary Tre
- AH

path

integral argument .



( closed universes
? ? ? )

Ads /CFT duality

g-
asymptotically

- nlfanti- de sitter, this is true
,
and

those "

d.of .
"

= conformal field theory .

I will state this more carefully soon; 1¥ describe

the players .

(Here d.of = 1¥ QFT . This is N true

in general .



AdSd+i

Max
. Symmetric , constant negative curvature

Embedded in 113%2 :

2
= -12-Xi + Xi + - i. + Xoi - Xan

(Don't try to picture this . . . 2 times ! /

Solve by :

✗
☐

= f coshf Cost

XD-11
= I coshp Sint

✗ i
= l sinh n

;
I [ n? =/ ⇒ sdj

⇒

ds2 = I
' / - cosh} dt' + dp' + sinbgdr;]

"

global words
"

unwrap te fois)



* s.es "

* max . symmetric neg . Curr .

Penrose diagram :

timelike
→

conformal
boundary

"

Box
"

massive particles see a potential e4

Note :
"

lots of space near the boundary
"

--



Poincare Patch
2-

(Different way to solve embedding eqn .)

ds' = I / dz' - dt' + did;)
£2

boundary
2=0

g-
Z

The 2=0 surface = Minkowski ⇒ Penrose diamond



Relation

Isometries : Sold ,2)
( see embedding ! XD

,
-1×10×0 , etc

. )



CFT
mmmm

EQFT with conformal symmetry

EI : free massless scalar 2=10011
'

[always massless !]

Conformal group EE differs such that

ds' → IN dsa
mink.

Mink

under xm → ✗
" 6×1

,

ds' = niwdxeedx
'

→ % .
dxiidx" = naw , ¥:d×mk

"

☒
DX"

"

I 1%1%1 -

- inn

conformal group : sold
,2)

Euclidean conformal group cnn.is %) : sold-11,1)

sold,2) = Poincare

1-
"

special conformal
"

h = 2x ( %) - ride,M M

+ dilatation f = ✗iron
scale
transf .



ADSICFT
mum

quantum
gravity in AdSd+,

= CFTD

"
bulk

" "

boundary
"

ie
,

ttgrav
= Heft

0 → 0
grow

CFT

Item :

Z.cat/3l=Tre-PHHor-i=Zgravlp)
= [ e-

FEW
Zapp / g)

saddles g-



more generally,

Zgrav w/ boundary condition

ds' → ¥:(dz
'

+ hijlxldxidxi) + fzd-21

of → z
# JIE) + subheading

=

Zoff / hij , J)
r [ other background fields

fixed
metric Iot+

→ Fcft + fddx 01×151×1
CFT lives or

"

GKPW dictionary
"

comments
nuns

* large Nag in CFT

to account for Spy = ARI

Ñ~µds /
d- I

lplanow
But sp⇒se : OCD states @ low energies

* strong/weak
F-axle : Transport ; entropy density



* Conformal symmetries of CFT on IBD""

= isometries of AdSd+ ,

EI Ads metric ds- = ¥ t.dz' - dt
'

+ dx
")

both -

2- → Az

+ →at " both

I → di
z

ds'
bulk

invariant .

Consider a hypersurface @

2- = E

Induced metric

f.
2

bdry
=

I
f- dt
'
-1dm)d.SZ

dis → At
'

bdry y
l - dt
'
-1 DIY

w

NH)



* Scale transf . in CFT

I moving in radial direction in Ads

fz)

* "

deep in bulk
"

u IR in CFT

11

near bdry
"

no UV in CFT

[ roughly ! ! ! ]
The more careful statement is that taking
a fixed object + moving in 2- moves it

into UVYIR by scale transformation .

So for example high- E scattering deep into bulk

can probe UV of CFT !

*
"

Top-down
"

ed IIB strings on Adsgxsti
= N=y Super Yang - mills

etc
.

"

Bottom up

"

semiclassical EFT in Ads ← sector of large - N CFT

ex
.
Ads /CMT - microscopic theory of high-To cvprates
is NIT IIB strings .



mail.torizonldecouplinglimitmmnnn.MN
black hole in asymp .

- flat
,

with Q=M :

Adszxs
'

lhw .)

Ads
conformal
boundary



Similarly,
"

black branes
"

have near-horizon

AdSd+, ✗ M

" "

outside view
mm

An observer cannot distinguish between

↳%÷¥j = is i
←E-÷! I ai

✓


