INntroaduction to
AdS/CFT research

YSW Ringberg 2014

Ann-Kathrin Straub



take home message

AdS/CFT is a duality between a gravity theory and a
gquantum field theory e it can be used to study strongly
coupled phenomena



nolograpnic principle

.ordinary system without gravity in d-dim. space-time

S .. ~ volume ~ L% 1

. this Is not the case In a gravitating system, because
they contain black holes!

\« the maximal entropy in a region of volume V is
given by the entropy of the biggest black hole
that fits in V



nolograpnic principle

. the black hole’s entropy scales with the area of its
event horizon

Sbh =

area of horizon
4G

. therefore in a gravitating system

\ S ..~ area ~ L37?

the information contained in a d+1 dimensional
gravitating system can be encoded in its d

dimensional boundary described by an ordinary
guantum field theory




QFT with an extra dimension

what is the extra dimension from a QFT perspective?

S

energy scale of the system

IR uv

] dg(z
renormalization group flow Zli ) = —f4(9(2))




explicit realisation: AdS/CFT

. what is a conformal field theory” a field theory with
conformal symmetry!

. translation ® boost ® special conformal transf.e scaling

i ()

. associated symmetry group is SO(d,2)

0




explicit realisation: AdS/CFT

. Anti-de-Sitter space-time

“embedding of AdSg.1 in RY™2

Zv

72— x24 x2  _ X2
0 T Ad+1 Z z \»isometry group: SO(d,2)

1=1

. the metric of AdSq.1 is given by

ds? = = (—dt® + dz] + ... + dzj_; +dz°)

. 'sequence of Minkowski space-times at different scales’



explicit realisation: AdS/CFT

G 0'3 2 interpretations gy
of D-Branes

Anti-de-Sitter space-time
weakly coupled, 5 dim
[IB supergravity on AdS

conformal field theory
N = 4 SYM, gauge group SU(N)
strongly coupled, 4 dim



explicit realisation: AdS/CFT

e ™ boundary

. isometry group of AdS = conformal symmetry group

. identity the two partition functions
exp(iSads) = Zads = ZoFT — /D(b exp(tScrT)



# degrees of freedom

CFT in Rb4—1

. SU(N) gauge theory has N2-1 dof’s at each point

. introduce cutoff €
. entropy as a measure of dof’s € |

~ N?2
z

S N? <5>d1

€



# degrees of freedom

gravity in AdSq.
. entropy of a gravitating system is proportional to Aypqy

T, d—1 d—1
Abd — dl’d_l —(g = hm —R ~ @
Y —0
bdy & ~ €

. cutoftf €

v Apay




# degrees of freedom

Ld—l R d—1
Smax, AdS ™ —
4GN ( € )

d—1
Smax, CFT ™ N2 <§> 4GN

€

d(d+1)
LQ

. curvature of AdSg+1 1S Rags =

\‘ gravity is classical ~ large N CFT



gauge/gravity duality

gravity theory quantum field theory

flelds
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++++++++

charged black hole charge density



gauge/gravity duality

gravity theory (‘ -« quantum field theory
fields

operators

gauge symmetry global symmetry

deformation less symmetry

black hole temperature

charged black hole charge density

black hole ‘hair’ SSB



example: thermalization

gravity theory quantum field theory

black hole formation thermalization

time
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