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AdS/CFT correspondence

AdS/CFT correspondence:

+ CFT on the flat boundary Zop [cp |a _ ]] = Zerr ]
« Strings in the bulk AdS
Our case: String observables <> CFT, observables

* |IB superstrings on AdS; % S¢
« N =4 SYM on the boundary
» Gauge symmetry: SU(N,)

Parameters: o
e )| = 4772T?2 Planar limit (N, - o)
, 1 _  Gstr i -
Ne  4m?T? Weakly coupled strings (gs; — 0)
Planar limit:

e N, > o
« t’Hooft coupling: A = gZ,,N, is constant
Strong coupling expansion: A — o oOr gy, —
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AdS/CFT correspondence
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Determinant observables

Examples:
1. Planar V = 4 SYM: - Oj
« Cusp anomalous dimension: [Polyakov’80]

» Renormalization of a Wilson loop with a cusp

s (TrP exp{i fc dx - A(x)}) ~ Alcusp(9) 05(x3)

« Octagon form factor: [Coronado’18]

» Four-point correlation function: 01(x1) 01(x4)
Gy = (01(x1)02(x2)03(x3)0;(x4))

* 04, 0,, 05: half-BPS operators

» Dual to scattering amplitude of four closed strings _

2. Planar equivalent ¥ =2 SYM: [Pestun’12]
* Free energy

What Is common? N J
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Determinant observables

Determinant observables:

« Observable F(g): e? W = det (8pm — Knm(9))
1snm<oo
V2
Where g = py
* The semi-infinite matrix is: K.m(9) —f dx1,bn(x))(( )llim( )
 The functions y,, (x) are: Po,(x) = (—1)™V2n+ €+ 14001 (VX)) /\/X
* Observables are specified by the symbol y(x) and the number £!
Observable x(x) ?
N = 4 cusp 1 — cothx/2 0
N = 4 octagon 1/cosh?x/2 | 0
N = 2 free energy —1/sinh?x/2 | 1
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Determinant observables

Symbol in general:

* Observables are specified by the symbol y(x) and the number #!

« Define: 1 — y(x) = bx?Bp(x)p(—x)
+ Where: B ) = i —
2TYyn

» Observables are specified by:

* Numbers g, £

 Locations of zeros x,,
 Locations of poles y,

Observable ? B ¢ Xn Yn
N = 4 cusp 0 -1/2  ¢eusp n-—1/2 n
N = 4 octagon 0 1 Pearsp n n—1/2
N = 2 free energy 1 -1 Plusp n n—1/2
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Strong coupling expansion

Perturbative coefficients:

* F(g) =|—g40 + %A% logg + B + Zz‘i":lz,f(’;*jl)g +Af(g),as g =
 Perturbative coefficients: [Belitsky,Korchemsky’20]
Perturbative coefficient Value
Ay 21,
A? 2¢B + B*
A, (403 —1)/4 1 tg=4L+p
As —3(4¢5 — 1)/16 I

o d ~19, "
» Moments: I, = | ;((Zn—n)!! x0, log(1 — x(x))

« A, grow factorially at large n! — Non-perturbative terms (4f(g))!

_ 2
Af(9) = Xn=1(ge™?m971)" <A§n) + ka1 3y 9 )
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Non-perturbative corrections

Aim: non-perturbative coefficients
Truncated Bessel operator:

+ Define: Knm(9) = J” dxpn (1 (22) W () = Wl Kyl
« Integral operator: K, f(x)=J K, Z)X( )f( )

Truncated Bessel kernel
* Where: K, y) = Xne1 Yn () Pn(y)

« Then the observable: | F(g) = logdet(1 — K,) | Fredholm determinant
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Non-perturbative corrections

Auxiliary function:

.+ Define: a(x, 9) = (x| = |%o)

* Such that: (x|po) = J,(Vx)

* q(x, g) is an entire function!

1. Integral equation:

* q(x) satisfies: Jy dx(1 = x(0))Jan+e-1(292)q(x, g) = 0
. . ezigx y e_zigx
- Solution: q9(x, 9) = 5o hx. @) + (1) 5= h(-x,9)
1
« With: h(x,g) = Yo 895 Y, hl({n) (x)g "2

Gives an ansatz for q(x)
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Non-perturbative corrections

2. Differential equation:
 Connects the observable F(g) with the function g (x)

2
((gag) + 4g°x? — £% + ZgZE)QZT(g)) q(x,g9) =0

« The functions hfcn) can be expressed in terms of the coefficients Ai")!
3. Integral relation:
* Observable F(g) and q(x) are also related by:

1 (00]
(@) =~ | dxdx(0g*()0.0,()

* The functions AE(") can be expressed in terms of the coefficients hfc")!
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- . _ _1Y¢ _
Solution for : q(x,g) = q)(_x)h(x,g) + (—1) v h(—x, g)
1
With: h(x,9) = Tz e S9N Ty b () g™ 72
4. Quantization condition:
q(x, g) IS an entire function Quantization condition
Therefore: lim (1—x(x))q(x,g) =0
Connects the functions hg’) with different n’s!
A can be expressed in terms of 4, = A1 F(9) q(x. 9)
Whole expansion of F(g) can be determined! ntrel |
A](cn) - h](cn)
Agco) Diff. eq. h,(co)

Non-perturbative corrections

ezigx

e—zigx
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Method

Integral equations:

f dx(1 — x(x)))2n+0-1(29x)q(x, g) = 0
0

« Give an ansatz for q(x) in the form of a

transseries.

q(x) and the observable: @

Differential equation:

Connects the observable to the function

q(x).

1 oo
9gF(9) = _Ef dxdyx ()q* ()0, 04q (x) <:> ((gag)2 +4g%x® -7 + Zgzang(g)) q(x,9) =0
0

« Coefficents Afc") enter the function

@ q(x).

Quantization condition:

lim (1-x(x))q(x,g) =0

X—>—2TixXy

Connects different levels of
exponential corrections via the
analytic structure of y(x).

———

Whole transseries of F(g) can be determined in an efficient way!
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Results

Cusp anomalous dimension:

F(g) = glog cosh2mg — %log

sinh 2mg

21g

o Agrees with the known result [Beccaria,Korchemsky, Tseytlin’23]
Octagon form factor:

* Whereg' =g+log2/n

Af(g) = "L e78m9 (1 —

N2
+ (mg") p—161g (1
32

7 63
4(4mtg’) 32(4mg’)? + ) +
n 81i—14 , —1431i—24 )
4(4mgr) = 32(4mg’)?

N =2 SYM:

« Whereg" =g —1log2/n

Af(g) = 2img'' e ™9 (1

+2(mg'")?e8m9 (1 +

16log2+1 A 96log2-15 )
T 2(4rtg’") 8(4mg'")? t T
16log2+1 = 64log? 2+32log2-3
(4mgrr) (4mg'’)?

+o)
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Summary

Results:

* Observablesinplanar ' =4 and V' =2 SYM

« Strong coupling expansion

« Systematic method to determine non-perturbative contributions

OO0
P,

« Numerical verification

 Resurgence properties checked

Outlook:

 Further observables in supersymmetric gauge theories

« Other limits of the octagon

[=] 5 zdR

[Bajnok,Boldis,Korchemsky’24]

 Application to other models
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