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AdS/CFT correspondance

AdS/CFT correspondance

(Anti-de Sitter/Conformal Field Theory)
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AdS/CFT correspondance AdS/CFT

AdS/CFT

The Large N Limit of Superconformal Field Theories and Supergravity
J. M. Maldacena, Adv. Theor. Math. Phys. 2 (1998) 231

More than 7400 citations!

Applications

@ QCD
@ nuclear physics
@ nonequilibrium physics
@ condensed-matter
physics
@ Quark-gluon plasma

AdS/CFT experiments (RHIC, LHC. . .)

V.
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AdS/CFT correspondance AdS/CFT

Holographic principle

‘ Strongly coupled 4D gauge theory = Gravitational theory in 5D AAdS ‘

o QCD, QED at strong coupling is hard

o Super gravity in AAdS much easier

0 AdSs dual to N = 4 Super Yang-Mills
Black hole thermodynamics

0 Because of Hawking radiation :

AAdS without Black Hole : T =0
AAdS with Black Hole : T # 0

0 BH thermodynamics : S « A
5D area ~ 4D volume

v
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Anti-de Sitter spacetime

Anti-de Sitter (AdS) spacetime
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Anti-de Sitter spacetime Negative cosmological constant

Negative cosmological constant

‘AdS = the maximally symmetric solution of Einstein equation with A < 0 ‘

R
Ry — 5 9w +Aguw =0

Constant curvature : | R = 12 o AdS length L :|A = 3

10 Killing vectors that are
(inthe L — +oo0 limit) : o lim AdS = Minkowski

L—+oo

@ 4 spacetime translations
o 3 spatial rotations

@ 3 Lorentz boosts
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Anti-de Sitter spacetime Radial Geodesics

Radial geodesics
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Anti-de Sitter spacetime Conformal representation

Conformal representation

@ 3-metric conformally flat

o compactified r € [0, L]
@ boundaryate=1-7=0

Asymptotic behaviour

o N=0(})
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Asymptotically AdS spacetime

Asymptotically AdS (AAdS)
spacetime
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Asymptotically AdS spacetime AdS + something

AdS + something

AdS AAdS

Problem : %; diverges like O (%) at the boundary !

Cure : conformal structure at the boundary

AAdS boundary conditions

N=eN=1; §=F=0: ey = =1

r=L r=L
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Geons in AAdS spacetime

Geons in AAdS spacetime
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Geons in AAdS spacetime What's a geon ?

What's a geon ?

| GEON = Electro-Gravitational Entity |

At the beginning :

Wheeler, Power, Brill, Ernst, © asymptotically flat

Melvin, Hartle, Thorne, Kaup o EM/v/GW/¢ wave packet

@ cylindrical, toroidal, spherical

@ variational principle
@ intricate geodesics

Geon properties
. @ need rotation to avoid collapse

o photon self attraction
o Black body radiation
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Geons in AAdS spacetime Linear geon in AAdS

Linear geon in AAdS

© vaccum solution

Seminal papers (AAdS) : 2010’s

Bizon, Rostworowski,

Maliborski, Dias, Horowitz,
Santos, Kodama, Ishibashi, 0 need rotation to avoid collapse
Seto, Wald

o stable GW wave packet

o stationnary in corotating frame
= Helical Killing vector

- 0O NN o j = 7j + Ahy with A < 1
W . /VVL 0 Ry — Bgu + Aguw = O(A?)

o Tensor spherical harmonics
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Geons in AAdS spacetime Linear geon in AAdS

BY in z = 0 plane f)xy inz =0 plane

@
®

f;xx in x =0 plane ﬁyy in x =0 plane ﬁzz inz =0 plane
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Geons in AAdS spacetime What is a geon useful for ?

What is a geon useful for ?

o AdS/CFT dual representation : No black hole =

Geon in AAdS Spin-2 Bose-Einstein
\ [

\ /
) - ey

o Explore a non-linear stability island of AdS spacetime -2

1. P. Bizon and A. Rostworowski. Physical Review Letters, 107, July 2011
2. P. Bizon, M. Maliborski, and A. Rostworowski. ArXiv, June 2015, 1506.03519
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Geons in AAdS spacetime Non-linear geon

Non-linear geon

Step by step

ixdshrl\easr ?eon | What you need :
" A5-AdS formuiation o Kodama-Ishibashi

Choose a gauge formalism
Build good initial guess
Invert Einstein system

G

o Spectral method

o

© Numerical library :
KADATH

o Newton-Raphson in
hex (2 = 0) vl (- r’k,) = 0 dimension 10°
o Many computers ! (at
least 200)

.
H© )
:
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Conclusion

Conclusion
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Conclusion
Conclusion

State of the art :

Q
Q

first geon obtained at medium resolution
ready for sequence computation

TO-DO list :

Q

Q
Q
Qo
Qo
Qo
Q

ask hours on regional and national supercomputers

compute geon sequences

compare global quantities (M, J) with linear solution

maximum mass and maximum angular momentum of a geon ?
check stability with evolution code

see if the geon admits a limit in the A — 0 limit

add ingredients (black holes, boson stars. . .)
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Conclusion

Thank you for your attention

S a4

Artist’s view of a geon
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