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DBIERO 0] St overy of the Asymptotlc Freedom, QCD
eme gea as the field theory for.the strong interactions.
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_ va and! Scherk and Schwarz showed that closed
=S gﬁg ‘theory describes quantum gravity.

‘Same 25 years later these two seemingly different faces
-'ofstrlng theory, the gauge theoretic and the gravitational,
have merged In the context of the AdSCFT
- correspondence and its extensions. In this talk | review
_botﬂ_ thfe_e llz)dasic concepts and some of the recent progress
in this field.
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A fg,l ge distances the

pﬁtﬁﬁlal should be

-—Ame‘aﬂwllson) due to
‘formation of confining
flux tubes.
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EREUlIiEEtion of gauge Je theory With
JLrerr e (engnenes N t
ﬂc«) pi-fgeneralizatio from

UUM‘S (SU(3) gauge group) to N

IBES(SU(N) gauge group).
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— zj A The probablllty of shapping a flux

~ tube by guark-antiguark creation
(meson decay) Is 1/N. The string
coupling is 1/N.

A Yet, the planar diagrams needed
in the large N limit seem very
difficult to sum explicitly.




which for small rapproaches EeERekd
Who radius IS related to the coupling by FEEseRtae




LinEshyAthereare 6 scalakfi
2ftillto combine them into: 3 complex
scc Z W, V) and 4 gluines Iinteracting with
(e gll ons. All'the fields are in the adjoint

19 gresentation of the SU(N) gauge group.
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F—.—.f-fﬂ e Asymptotlc Freedom Is canceled by the
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extra fields; the beta function Is exactly zero for

= -? “any complex coupling. The theory is invariant

under scale transformations x™->a x™M . It is also
Invariant under space-time inversions. The full
super-conformal group is SU(2,2|4).
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Maldacena; Gubser, IK, Polyakova Witten
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+ RelGles Con i nakgaugestie Al 4 dIMERSIONS -
IOISI(ING [theory on 5-d Anti-de Sitter space times
ERSRulcompact space. For the N=4 SYM theory

iISIeMmpact space is a 5d sphere.

* f_éometrical symmetry of the AdS; space
= realizes the conformal symmetry of the gauge
= (heory.

AThe AdS, space is a hyperboloid

A ItS metric IS



Wihen a gauge theory is strongly. cscd)u%Me—clﬂhe ;.
EOINSTOrcuUrvatireofithe-tual AUSEand of'the

Srdfcompact space becomes large: Ll NEw

Sieltheory in such a weakly curved
élund can be studied in the effective
?)-gravity approximation, which allows for
= fést offexplicit calculations. Corrections to it

—  proceed in powers of

-

A Feynman graphs instead develop a weak
coupling expansion in powers of | At weak
coupling the dual string theory becomes difficult.



ARt tction 1o gauge/gravity s
GUElty, see thesarticle by 1. Ksand ™
Malletacenain the:January 2009 issue of
RRVSESI [OdaY. |
BEaUde invariant operators in the CET, are
fAoNe-to-one correspondence with fields
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{ L)i\l (71) C)ﬂz (r2)) = — 1__'_ 2A
|;f_‘-1 — ;f_‘-g|“ 1

AThe operator dimension Is related to mass
of the corresponding field in AdS space:




in rsgr.l,s SpivehaInssuggestin
ex:rt egrability’ofithe-"N=4 'SYM

Plinahan, Zarembo; Beisert, Staudacher

0l @0 Fators

ifla €senberg spin chain emerges

SN 00p: Higher: loops correct the

= FHamiitonian but seem to preserve its

Integrablllty (Infinite-number of
-conserved charges). Such spin
chains are solvable via Bethe Ansatz.

A'I_'his_ meshes nicely with earlier
findings of integrability in certain
subsectors of QCD. Lipatov; Faddeev,
Korchemsky; Braun, Derkachov, Manashoyv; Belitsky




SNihelntec rablllty also holds on tgg.&mﬁgv
Sicle of the duaht?ﬁ:& fon large-Values-of
HIERE JH00fiHCOUPlINg:Eene RolchinskRaiban &
2 )] uggests that it Is present for: all

Velll Jum of the coupling.

a T" plau3|ble assumption has led to some
=] recision tests of the AJSCFT
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_ cprrespondence and will hopefully lead to
~— Mmore (see other talks at this conference).
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2 Ther aI CELIs described by a black hole
[IACSS

‘é 5 LQ Tﬂ_.;zi'g AN s 1 (N9 * S o
= ds%, H="% (l _{ 7 — (1— 4 }J‘ ) (da")* + Z(d:{??‘ }“)
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ﬂ e CFT temperature is identified with the
= --TI—Iawklng T of the horizon located at z,

AAny event horizon contains Bekensteirt

Gubser, IK, Peet
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INIS|S Interpreted as the strong coupling limit:of
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Jnter,Jol. ine functlon IS determined by Feynman
Jrrlr)r] Iculatlons In the N=4 SYM theory
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i -:é’éfuce from AdS/CFT duality that

AThe entropy density is multiplied only by % as the

coupling changes from zero to Infinity. cubser, Ik,
Tseytlin



