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¥Will report on new computations: - at weak coupling using integrability
- at strong coupling using AdS/CFT

[Zarembo; Roiban, Tseytlin]
[Janik et al]
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¥Will show that effect of deformation on renormalization of operator O 4 is
determined by couplings dp AB [Cardy]
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¥Need to renormalize O 4 because of divergence when y ! X in integration
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¥Define renormalized operators O% so that !Oa(X)aa'q finite
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¥Define renormalized operators O% so that !Oa(X)aa'q finite
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For example 'O4 (X)O4 (0)",, = -
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¥Deformed anomalous dimension matrix
Or =Zag (T, u) Qg | OR diagonalizes H at critical point
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¥Can compute couplings dp A from knowledge of H" = H" (D)
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Weak coupling - Planar N=4 SYM
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Weak coupling - Planar N=4 SYM

¥Simplest example D = L g° = glg?zN
1 _ 4 1 | p ,Tf 2 2 l
S= - d'yTr ! —FuF" 1 aa: g”! g°(1
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L u
¥Consider SU(2) subsector and O 4 made of M magnons
OA - ' D1, ,PM (iCl,éééiEm)liCl,é.é.é.rM '
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X1, adaxy!" |Za&aaadxXZ adaaxZ aal , with Z, X complex scalars




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

| - P = P (9)
| . — + 2 cin2 DI
J(g) 1 16g >IN 2 1 Bethe equations
. IM
¥RG argument, 2! “a aa = ! g°- 7 # (g°)
j =1
. L. 21 n;
¥Dilute limit, L! M " p = Ln’ A AA
Wick contractions
- sin? 2L % 8g° sin® 5 + O(g*)
“alan = ! 807 T

Strong coupling, later...
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¥Can one extend to other operators in a practical way? H' = H'(D)



Strong coupling - AdS/CFT

¥Operators with very large dimension A ! g are dual to classical string states.
Expect to use semi-classical approximation to string partition function
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¥Operators with very large dimension A ! g are dual to classical string states.
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Open problem
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Simpler problem

¥Two insertions of heavy state O and one insertion of BPS state D

—)

(OA(X:)Oa(X£)Di (Y))

O (m) Oalar)e ©¥! oD | PR DURN T S o SRRCREE D
CFT

Boundary conditions X “(*i,") = X7 = (X, # Boundary condition light field:

tri ldsheet:
string worldshee Xa(l; ") = X2 = (x5 B(xH, 1) ~ 14 Bo(xH)



Conformal gauge

¥Heavy string acts as tadpole for light fields e T e
l s/ 2 0 |

DX dSGiSP[X’S’ ¢=0] D | e- T | =0



Conformal gauge

¥Heavy string acts as tadpole for light fields R R T
l s/ 2 0

_ . | . -
i Ssucra [®]+  d”! 'SP![)T’S’ ']B o+ -

DX @ e s e D! e

OLegendreO transform

SP%SIPZSP—/!X]

¥2-point function 10 4(x;)O (X )"

P

DX ds eiSp [X,s, &=0] |
‘XI " Xf ‘ZAA

[Janik et al]



Conformal gauge

¥Heavy string acts as tadpole for light fields S P
l s/ 2 0 |

D t”

' : < 1 S R L85
DX dg eiSe [X:s, ©=0] N1 o Ssuera [®]+  d* e

OLegendreO transform

SPHS‘P:SP—/!)@

¥2-point function 10 4(x;)O (X )"

P
‘XI 1 Xf ‘ZAA

DX ds eiSp [X,s, ®=0]

[Janik et al]




¥3-point function 04 (X;)Oa (X; )Di (y)"

DX ds e'Sp [X;s,! =0] LI | X, s;y]




¥3-point function 04 (X;)Oa (X; )Di (y)"

DX ds e X5t =00 11X gy

s 2 N | ::
! ol " #SP [X787 ; ]"
| s/ 2 0 #$ | =0

K- (X7 ) y)



¥3-point function 04 (X;)Oa (X; )Di (y)"

DX dse'? X! =01, 1X, s,y

sl 7 e ) "

HSpEXE s 1Tl

’l: d! dll SP [ P 87 ]"
ks /02 0 #$ | =0

K- (X7 ) y)
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¥l eading term in pre-factor is just the same as for 2-point function
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X; $ Xg[# A 3-pt function kinematics



Simplest case - point like string
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Simplest case - point like string

SP[X737! ]:

1 .

2

s/ 2

| s/ 2

f Massive string state

d! et !4 Xy 1?2 o

I m"™ g

For space-like separation along X direction

Sp [X, S, |

X(1)
z(!)

O]

s/ 2 s >,
+ p
a X Ly
| s/ 2 VA
R tanh"l + R
R
cosh"!

m

2

Tr

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

X(—s/2) = x; =0

Z(xs/2)=! = —Iogx—f

Action: Sp[X¥,s,! =0]= Iog2 Xf' m? s



Simplest case - point like string
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Other examples

¥Giant magnon
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Other examples

¥Giant magnon

D 1
| I
Oa (0)Oa (2 )L (1)" #$ sm GagsnE) 4, )
$f y* (s $ y)
AS eXpeCted: A 2a|_ AA = g2 ""!ng "1 20 Sing

¥ Circular rotating string in S>

¥Spinning string in AdSs



Final comments

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

¥Compute pre-factors to next order in 1/g , also checking RG relation
between df oo and ! A

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



Final comments

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

¥Compute pre-factors to next order in 1/g , also checking RG relation
between df oo and ! A

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

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