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Central conjecture

Conjecture (Maldacena 1997). Type IIB superstring theory on AdS; x S is
dual to N =4 SU(N,.) SYM in d = (3 + 1) dimensions.
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Central conjecture

Conjecture (Maldacena 1997). Type IIB superstring theory on AdS; x S is
dual to N =4 SU(N,.) SYM in d = (3 + 1) dimensions.
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Central conjecture

Conjecture (Maldacena 1997). Type IIB superstring theory on AdS; x S is
dual to N =4 SU(N,.) SYM in d = (3 + 1) dimensions.

Remarks:

« Duality means complete equivalence!
(No explicit change of variables is known. Conjecture
supported by case by case evidence)

* (In)sanity check: match symmetries

AdS5xS5: SO(4,2) x SO(6)

SYM: SO(4,2) x SO(6)
~ ™~

CFTin 4d rotations of 6 scalars ®/i

« Holographic: SYM lives on the boundary of AdS_5
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Central conjecture

Conjecture (Maldacena 1997). Type IIB superstring theory on AdS; x S is
dual to N =4 SU(N,.) SYM in d = (3 + 1) dimensions.
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Useful weaker version

: 2
2
295 = Gym = N

L ¥

L-l

Classical (super)gravity as a limit of ST:

» Strings almost point-like — standard geometry valid

L>>ls = A>1

* Quantum corrections (loops) are small | gy ~ .

INe

coupled QFT

I <K AK N,

Weak (weakly interacting) gravity is dual to strongly

(strong-weak duality)

Amazing tool to study strongly coupled QFTs (by
simple gravitational calculations).
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What is conformal field theory?

= special QF T with bigger spacetime symmetry

PE— Invariant under conformal
= transformations:
— " An Introduction to (0 1h 9
(I%:]zzjntum T = @ (?) . v — 2 ("")III”’
9 Theory
spec. = =
P t > Al, T — AT
Q GRS Prews :
Michael E. Peskin * Daniel V. Schroeder ()('I') e ()f(,l") —_ A__\()(.I’)

Ve

scaling dimension

Theorem: Conformal (superconformal symmetry is the
largest one for non-trivial (interacting) QFTs.
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What is conformal field theory?

 Examples: ) Mg Wﬂ*ﬁ 9,4 Fre=0

M s Fout=0
_ * 3) chmiaf APY 04 gon s s
B(9) =0 ) th'et vy TR
222 Dp Fpv <0
» Correlations: 1

(O()O(y))

(@)

« Applications:
« phase transitions: {04’ D } VAN {A}
 string theory
* mapping space of QF Ts (“perturbations” of CFT)
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What is AdS?

= maximally symmetric solution of EE with negative
cosmological constant

Embedding perspective: “hyperboloid in R2>d_1 "

S A ((n L LN = e
_{'2 - _()'—1)2 ()[) _|_(} ) (V} rd— l) 1}2’ 1) {SB

* Eliminating Y*{-1} from the constraint we get:
Gy = M1 = — Y. Ys

ik Yiahe
* Yields:

Y Uabd 1 Yb

| Gab i Agab =0
Rabc‘fd = _f_g(g(lcgbd o ,(jad,(]bc) A . (d _ 1)((] - 2)

M
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What is AdS?
Embedding perspective: “hyperboloid in R2=d_1”

ff.‘s"-) —_ _((”_,r_'l)ﬂ _ ((“'(])‘2 + ((”'])'_) SRR | ((”'n’—])'_) = ”i.;é—l(n’.4(”']3 .
_(‘_) = _(}'—1)2 . (}'U)Q i (}'l)? SRR (1.'{.’—1)2 = }/?1-%—1}'.{}'8 ‘

 Both invariant under:

~

’ A - 2,d-1 2,d—-1,C D
#4=Agr® where 95 =na5 A%4APE

. y 2,d—1,C d+1
;\“]; — ()}; - /\'1“ = AN gi— Nac Al B At (

)

Maximal number of symmetries

) generators

e

« A5 form a representation of O(d-1,2)
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What is AdS?
Embedding perspective: “hyperboloid in R2=d_1”

ff.‘a"-) —_ _((n;_l)g _ ((“'(])‘2 + ((”'])'_) SRR | ((”'d—])'_) = ”i.;é—l(n’ﬁ(”'ﬁ .

_(2 = _(}'—1)2 . (}vl_))ﬂ 4 (}vl)Q SRR (1.'0’—1)2 = f/i}_{))—l}:{}YB.
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AdS global coordinates

« Single out YA{-1} and Y*{0} and “move” the constraint

Y ' =/lcoshpcost, Y'=~/lcoshpsint, Y= {sinhpQ;
Q? = | (angular coordinates on the sphere)
ds® = 1° (— cosh?pdt® + dp* + Sil’thﬁdQ?i_Q)
« Let’s go to the universal covering space:
f~fdor ) te (—00,00)

... ho longer have closed timelike curves (CTCs).

Pirsa: 25040029 Page 12/18



AdS global coordinates

+ Can further compactify “radial coordinate™ tan ¢ = sinh ﬁ

I .
ds? = (—dt2 +de? + sin29dQ§_2)

cos?20

... We have
0 c [0; 7T/2) (non Euclidean) cylinder

« Conformal boundary at (9 — 77'/2

ds®|oq = —dt® + dQ5_,
.. Einstein static Universe: R X S92

This is where the field theory lives!
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AdS global coordinates

» |nstead of compacitifying: p=_Csinhp, 7= re

: N DR | )
ds? = — fdr? + ’T AL = e

... "usual global (BH) coordinates”

e
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