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STRING-FIELD DUALITY

allows to obtain strong results for certain SUSY
field theories at strong coupling

e Most known : AdS/CET

Circular Wilson loop
e exact result (all-order perturbative resumma-
tion)
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e on the string side
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e The leading term is obtained from the anal-
ysis of the AdSs x S° solution of 10D supergravity.
e string corrections.



e cusp anomalous dimension and many other
wonders.

One of them: Thermal internal energy
~ mN?_,[3  45¢(3)

E= 74| 223
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(the coefficient in front of T? is the coefficient in
the Stefan-Boltzmann law).

e Derived via certain black brane solutions in
10D supergravity



e duality works also for other theories
1) Low-dimensional sisters of N =4 SYM.
2) 3D N = 6 theories
The youngest (prettiest 7) sister:
10D SQM model

1aa gzabecdeabcdigabca b pc
where i,5 = 1,...,9, a = 1,...,N?> — 1 , and
a,B=1,...,16. E{ are canonical momenta for the
bosonic dynamic variables A¢; A% are Majorana
fermion variables lying in the 16- plets of SO(9).

e Dimensionful coupling constant g? gives an
intrinsic energy scale

Echar ~ (g2N)1/3 = )\1/3 .



THERMODYNAMICS:
weak coupling at T' > FEcnar,

<E>T X #d.o.f.T

strong coupling at T' < Fepar,
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Sketch of derivation

(Klebanov, Tseytlin, Kabat, Lifschytz, Hanada,
Hyakutake, Nishimura, Takeuchi)

e black hole solution

7/2 7 R7/2 dr?
2 . r 2 To r 2 12
dSBH = W [—dt < ’]"7):| + ’]"7/2 | ""g +7r dQS
— %
e 29" (r/R)?/? (dilaton)

BH enthropy = horizon volume

SBH — Vhorizon — —2¢(r0) V — (TO) X TO

THawking = grav. accel. at horizon

T dgoo 5/2
Hawking X Qhorizon ™~ —5 X Ty -

dr

r=To




Getting rid of rg, we obtain

S oc T%/% and (E)r oc T1/5

verified numerically on the QM side

(Anagnostopoulos et al, 2007)

analytical understanding 7



A) Pure YM QM

e dicrete spectrum with Egpay ~ A3

e T> )N/ — (E)y ~ (3/4)N*(D-2)T (D =4,6,10)

e T A/3 — (E)p ~ e NPT

B) SYM QM with D = 4,6

e Discrete spectrum like in pure YM theory.

e Vacuum valleys ( [4i, A;] = 0) and continu-
ous spectrum

e Infinite contribution to the partition func-

tion:
Z:/alpdxl@"ﬁf“Q/2 _ Ly =
2T 2




e Inour case, (D—1)(N—1) degrees of freedom
and

T (D—1)(N—-1)/2
Zcont ~ (_)
Lt

(u - infrared cutoff).

¢ When N — oo and p fixed, it is suppressed
compared to

Y

T SN?(D-2)
)\1/3)

Zdiscr., highT ~ (

e The same pattern for

(E)p = —%mz

as for pure YM.



C) SYM QM with D =10
e New feature: Normalized zero energy states

e For large A along the valley,

B(A;\) ~

e Characteristic size of W estimated from H.g

on the valley ( ),
15 i En — Em4
16 3| An — Am|T7

N
Het(N) = Z |En|2 +
n=1 n>m 9

A = diag(AY,..., AN) and E = diag(E", ..., EN).

e Comparison of two terms gives




o At T > N—3/9)\1/3 this family gives the con-
tribution

T 9/5
Z(T) ~ eXp{N2 (W) —N} ,

which REPRODUCES
S oc T9% and (E)p oc T14/5

e exponential fall-off of (E)p at T < N—5/9)\1/3,



TWO PROBLEMS

1) No numerical evidence for the growth of

A2 with N.

char

2) String corrections to the strong coupling es-

timate (E)r o T'4/5 become important at T ~
A/ N—10/21 rather than T ~ AY/3N—5/9,
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