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Introduction
ÅString theory was invented to describe strong 

interactions, but in 1973 -74 two important developments 
changed its course. 
ÅDue to discovery of the Asymptotic Freedom, QCD 

emerged as the field theory for the strong interactions.
Gross & Wilczek; Politzer

ÅYoneya, and Scherk and Schwarz showed that closed 
string theory describes quantum gravity. 
ÅSome 25 years later these two seemingly different faces 

of string theory, the gauge theoretic and the gravitational, 
have merged in the context of the AdS/CFT 
correspondence and its extensions. In this talk I review 
both the basic concepts and some of the recent progress 
in this field.    



QCD and String Theory

ÅAt short distances, 
much smaller than 1 
fermi, the quark-
antiquark potential is 
approximately 
Coulombic, due to the 
Asymptotic Freedom.

ÅAt large distances the 
potential should be 
linear (Wilson) due to 
formation of confining 
flux tubes.



Large N Gauge Theories
ÅConnection of gauge theory with 

string theory is strengthened in `t 
Hooftôsgeneralization from 3 
colors (SU(3) gauge group) to N 
colors (SU(N) gauge group).
ÅMake N large, while keeping the `t 

Hooft coupling                     fixed.

ÅThe probability of snapping a flux 
tube by quark-antiquark creation 
(meson decay) is 1/N. The string 
coupling is 1/N.
ÅYet, the planar diagrams needed 

in the large N limit seem very 
difficult to sum explicitly. 



D-Branes vs. Geometry
ÅDirichlet branes (Polchinski) led string theory 

back to gauge theory in the mid -90ôs.

ÅA stack of N Dirichlet 3-branes realizes N=4 

supersymmetric SU(N) gauge theory in 4 
dimensions. It also creates a  curved 
background of 10-d theory of closed 
superstrings (artwork by E.Imeroni)

which for small r approaches 

who radius is related to the coupling by



Super-Conformal Invariance

ÅIn the N=4 SYM theory there are 6 scalar fields 

(it is useful to combine them into 3 complex 
scalars: Z, W, V) and 4 gluinos interacting with 
the gluons. All the fields are in the adjoint 
representation of the SU(N) gauge group.

ÅThe Asymptotic Freedom is canceled by the 
extra fields; the beta function is exactly zero for 
any complex coupling.  The theory is invariant 
under scale transformations xm-> a xm . It is also 
invariant under space-time inversions. The full 
super-conformal group is SU(2,2|4). 



The AdS/CFT Duality
Maldacena; Gubser, IK, Polyakov; Witten

ÅRelates conformal gauge theory in 4 dimensions 
to string theory on 5 -d Anti-de Sitter space times 
a 5-d compact space. For the N=4 SYM theory 

this compact space is a 5-d sphere.

ÅThe geometrical symmetry of the AdS5 space 
realizes the conformal symmetry of the gauge 
theory.

ÅThe AdSd space is a hyperboloid 

ÅIts metric is 



ÅWhen a gauge theory is strongly coupled, the 
radius of curvature of the dual AdS5 and of the 
5-d compact space becomes large:

ÅString theory in such a weakly curved 
background can be studied in the effective 
(super)-gravity approximation, which allows for 
a host of explicit calculations. Corrections to it 
proceed in powers of 

ÅFeynman graphs instead develop a weak 
coupling expansion in powers of l.At weak 
coupling the dual string theory becomes difficult. 



ÅFor an introduction to gauge/gravity 
duality, see the article by I.K. and J. 
Maldacenain the January 2009 issue of 
Physics Today.

ÅGauge invariant operators in the CFT4 are 
in one-to-one correspondence with fields 
(or extended objects) in AdS5

ÅOperator dimensions are an important set 
of quantitites

ÅThe operator dimension is related to mass 
of the corresponding field in AdSspace: 



Exact Integrability
ÅPerturbative calculations of operator 

dimensions are mapped to   
integrable spin chains, suggesting 
exact integrability of the N=4 SYM 
theory. Minahan, Zarembo; Beisert, Staudacher

ÅFor operators  Tr (ZZZWZWéZW)
the Heisenberg spin chain emerges 
at 1 loop. Higher loops correct the 
Hamiltonian but seem to preserve its 
integrability (infinite number of 
conserved charges). Such spin 
chains are solvable via Bethe Ansatz.
ÅThis meshes nicely with earlier 

findings of integrability in certain 
subsectors of QCD.  Lipatov; Faddeev, 
Korchemsky; Braun, Derkachov, Manashov; Belitsky



ÅThe integrability also holds on the string 
side of the duality, i.e. for large values of 
the `t Hooft coupling. Bena, Polchinski, Roiban; é

ÅThis suggests that it is present for all 
values of the coupling.

ÅThis plausible assumption has led to some 
precision tests of the AdS/CFT 
correspondence and will hopefully lead to 
more (see other talks at this conference).



Thermal gauge theory

ÅThermal CFT is described by a black hole 
in AdS5

ÅThe CFT temperature is identified with the 
Hawking T of the horizon located at zh

ÅAny event horizon contains Bekenstein-
Hawking entropy

ÅA brief calculation gives the entropy 
density                            Gubser, IK, Peet



ÅThis is interpreted as the strong coupling limit of                                              

ÅThe weak `t Hooft coupling behavior of the 
interpolating function is determined by Feynman 
graph calculations in the N=4 SYM theory 

ÅWe deduce from AdS/CFT duality that

ÅThe entropy density is multiplied only by ¾ as the 
coupling changes from zero to infinity. Gubser, IK, 
Tseytlin


