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Why a String/Gauge Theory Duality? = e.g. Free Energy:
Consider pure I/(N) Yang-Mills theory: S P . with | A == g2 N
F = Z ﬁ Z Cg,l A
=0 1=0 't Hooft coupling

Svm = 2 f d*z Te(Fly F*); Fuy = 0,48, Au—i[Au, Al

a9YM
e All observables have expansion in A {loops) and 1/N (genus)
Theory has a topological expansion for N — c0: ¢t Hooft 74)

e 't Hooft limit: | N — oo and A fixed (i.e. gym — 0)

Diagrammatics:  (A,)gs: N x N hermitian matrices

e Resembles perturbative expansion of a String Theory:
e Propagators:

((A,u)ab(m) (Au)cd(o)) = %Mﬂ;auu 5ad 5bc O + gS @ + gSZ @ + ...

a ———— 2
b —————— ¢ ~ gym

e Vertices: >\— Nﬁ >V\/ ~ 1

” gym’? e strict 't Hooft limit =

e General graph with V vertices, E propagators and F index “planar” gauge theory * free (g; = 0) string theory
loops (faces, via 62 = N):

with string coupling constant g; = exp({¢)) = 1/N?

B - . - e Dream: Dual string theory to QCD!
N (Q’YMz) _V:NV_ + (gYMzN) -V

Euler number: x =V —E+F=2—2g g: genus
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e lst concrete realization of a string/gauge duality (in 4d):
AdS/C FT duality (Maldacena)

1B superstring N B W
on AdSs x S° = N =4 U{N) Super Yang-Mills

e The AdS String:

Background metric: dsid55xs5 = R? (—h(dmi)frd”z + dQ52)
R? A
S = " /dzf (v ™ Qun(X) 8, XM 9, XN + ferms)

However: Quantization extremely hard & unsolved!

Model so far only tractable in “stiff” string limit, where string

: 2 « : oL
tension | T' = % — 00 | = supergravity approximation

Relation to dual gauge theory variables:

2

T=?£\/X 47rgség%M

[CFT: N =4 SYM is quantum conformal theory]
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