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e Great deal of progress in finding spectrum of planar N=4 SYM at any value
of the coupling (AdS/CFT and Integrability) [Kazakov review talk]
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e To solve planar N=4 SYM need to compute n-point functions. For a CFT this
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e To solve planar N=4 SYM need to compute n-point functions. For a CFT this
means computing structure constants in 3-point functions (OPE)
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 Will report on new computations: - at weak coupling using integrability
- at strong coupling using AdS/CFT
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3-pt coupling from linear deformation

e Deform field theory around conformal fixed point with marginal (or irrelevant)
operator D of dimension A
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O 4 = renormalized operator at critical point

(O’ = renormalized operator of deformed theory

» Will show that effect of deformation on renormalization of operator O 4 is
determined by couplings ap AR  [Cardy]
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e Consider correlation functions to linear order in u
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e Need to renormalize O 4 because of divergence when ¥ ~ x in integration

OPE: D(y Z ‘;DAB on)
Finite number of operators
(O 5 contribute to divergence
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e Define renormalized operators Q0% sothat (Oa(x)---), finite
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e Define renormalized operators Q0% sothat (Oa(x)---), finite
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e Define renormalized operators Q0% sothat (Oa(x)---), finite

AAA_AB

O:‘fl — OA -+ U Z 27T2CLDAB (IHA) OB -+ U Z QWZQDAB AA — AB OB
Ap=Aa Ap<Axg
For example (O%4(z)0%(0)),, = WEAYEr vy
e Deformed anomalous dimension matrix
Oy = ZaB (A7 u) (’)% {O%} diagonalizes H at critical point
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e Can compute couplings ap 4 B from knowledge of ‘H" = H"(D)
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e Can compute couplings ap A B from knowledge of H" = H"(D)
HY = H + uH' = Sapya + un2apapg A2A~2E
Basic quantum mechanics:
Oa = A4
eigenvalues: Y% = Y4 + Uy Bor i T <O?4|H"O?4> i

eigenvectors: 0% = O 4 + u O}
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Weak coupling - Planar N=4 SYM

e Simplest example D = [
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Weak coupling - Planar N=4 SYM

e Simplest example D = L 9 =62 = 162
]_ 4 1 1) 2 2
s L [aym(~La,pe T
Iym 2
9 _ 20
ou 7 0g?

e Consider SU(2) subsector and O 4 made of M magnons
Oa = prh“pr(xlv”' 737M) ‘3717' o 7$M>
L

T, - xy) =4 ZXZ---ZXZ---) , with Z, X complex scalars



e Single magnon contribution to anomalous dimension (all orders, neglecting wrapping)
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e Single magnon contribution to anomalous dimension (all orders, neglecting wrapping)

p; = p;i(9)

Bethe equations

ij (g) — \/1 —+ 1692 SiIl2 pzj 1
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e RG argument, 27%a;44 = 8— EZ:
. . 27N
e Dilutelimit, L>M = p; = 7an] ALAA
Wick contractions
9 p; —8¢* szng - 0(g*)
92,07 . SIS - |
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Strong coupling, later...



e Different initial and final magnon states: compute @, 45 from (O%|H'|O%)
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e Different initial and final magnon states: compute @, 45 from (O%|H'|O%)

L L
H = 2g° (1 — 492) Z (1 — Py py1)+ 29" Z (1 — Py zi2)

r=1 r=1

L L
H/ = —H+ 894 Z (1 o P:U,:U—I—l) T 294 Z (1 T P:U,:B—I—Z)
r=1 r=1

. . 4
 Diagonalize H" to order g~ for two magnon states Two magnon operators

Oa, p1=-p2=0p

O%|H'|O" 5 (a—p) ) )
<LB(|L—|1)A> _ 4 €2 Sin‘gsinp Singsinq Op., q=—qo2=q

27T2a£AB —

e Can one extend to other operators in a practical way? H' = H' (D)



Strong coupling - AdS/CFT

e Operators with very large dimension A ~ g are dual to classical string states.
Expect to use semi-classical approximation to string partition function

/DXDW/ VCI) ((El) | €iSP X 7] ~ eiSP [Xaﬁ/]

mm)  (Oa(21)0p(22)Oc(x3))




Strong coupling - AdS/CFT

e Operators with very large dimension A ~ g are dual to classical string states.
Expect to use semi-classical approximation to string partition function

/DXDW/ VCI) (ml) | €iSP X 7] ~ eiSP [Xaﬁ/]

mm)  (Oa(21)0p(22)Oc(x3))

Open problem




Simpler problem

e Two insertions of heavy state O 4 and one insertion of BPS state D,
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e Two insertions of heavy state O 4 and one insertion of BPS state D,

m)  (Oa(z:)O0a(zf)Dy(y))
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Simpler problem

e Two insertions of heavy state O 4 and one insertion of BPS state D,

Boundary conditions XU 1i,0) =z} = (x ,€) Boundary condition light field:

string worldsheet: A—A
° X 1p,0) = 2% = (2, ¢€) O(2",€) ~ e " Pg(ar)



Conformal gauge
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e Heavy string acts as tadpole for light fields

Witten diagram with fat string

“Legendre” transform
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e | eading term in pre-factor is just the same as for 2-point function




e 3-point function (O4(z;)O(z¢)Dy(y))

/DX ds etSP1X:5,2=0 L.|X, s;y]

8/2 T 6 X q)
z/ dT/ do Sk JE ol eia)
=0 0 0X H=0

e | eading term in pre-factor is just the same as for 2-point function




e 3-point function (O4(z;)O(z¢)Dy(y))

/DX ds etSP1X:5,2=0 L.|X, s;y]

8/2 T X q)
z/ dT/ do aortey 47 JE ol eia)
=0 0 0X H=0

e | eading term in pre-factor is just the same as for 2-point function

X _ 0X(7,0)
<OA($@)OA(£IZJB)> ~ ‘xz —ij‘QAA X(r,0) = X(1,0) 5
/ [Xag; y] '
(Oa(x:)Oa(x)Dy () ~ X Should obtain the correct

&y — Xy oo 3-pt function kinematics



Simplest case - point like string
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Massive string state
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Simplest case - point like string

1 8/2 . .
SplX.s,P] = / dr e®/* (Xangab —~ m2>

—s/2

Massive string state

Armn~./g

For space-like separation along U direction

s/2 . 2 . 2
Sp[X,S,CI):O]:/ dr (CE Tz mQ)

—5/2

R tanh 7+ R
R

cosh k7

s

2

Boundary conditions:  x(+s/2) = x; = 2R

r(—s/2)=x; =0

2
Z(::S/Q) —€ = K=~ —1ng—f
S €

_ _ 4
Action: Sp|X,s,® = 0| = (—2 log2 *f mQ) S

S €



Simplest case - point like string

Massive string state

1 8/2 . .
Sp[X,s,CI)]:§/ dr e®/* (X“ngab—m2> Amm~ i
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For space-like separation along U direction

s/2 P2 4 32 Boundary conditions:  z(+s/2) = x; = 2R
_ _ 2
SplX, s, ® = 0] = /_8/2 ar ( 2" ) r(—s/2) = z; =
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e Consider 3-point function <@A(O)OA(93J~“)£(3/)>
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e Consider 3-point function <@A(O)OA(93J~“)£(3/)>
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e Consider 3-point function <@A(O)OA(93J~“)£(3/)>
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A 1
D4(0)O I ~
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Correct kinematics and
agreement with previous
RG argument;
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Other examples

e Giant magnon

(O4(0)04(x5)L(y)) ~ —

As expected:
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Other examples

e Giant magnon

(04(0)0a(ws)L(y)) =~ sin

X

As expected:  27%ara4 = —g

e Circular rotating string in S

e Spinning string in AdSs

0g?

. P
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Final comments

e Extend to other operators, including 3-point functions with non-trivial
spin structures

e Compute pre-factors to next order in 1/g, also checking RG relation
between a4, A4 and Ay

e Perturbative computation, using effect of deformation by other
operators on the anomalous dimension matrix and integrability



Final comments

e Extend to other operators, including 3-point functions with non-trivial
spin structures

e Compute pre-factors to next order in 1/g, also checking RG relation
between a, A4 and Ay

e Perturbative computation, using effect of deformation by other
operators on the anomalous dimension matrix and integrability

 More general problem remains.
Expect integrabillity to play a crucial
role. (may be some numerics)
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