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The sl(2) sector of PSU(Q2,2|4)

Excitations in the sl(2) sector:
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Anomalous dimension for large M: A=M+L+ f(g,L)In M + ..
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. [ KlebanO\Tet al’06, .
Both expansions Kotikov,Lipatov’06, Casteill, Basso, Kgrchemsky,
should be reproduced Alday et al °07; Kristjansen’07; Kotanski’07; ’
from BA equations LK., Serban, Volin’07]  Belitsky’07 IK, Serban, Volin’08

(BES equation was taylored so that the weak coupling expans on is reproduced)




Functional Equation for resolvents at one loop
(x=2u, no dressing factor)

M
Baxter’s equation for Q(u) = H (u —ug) :
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Functional-integral equation at all orders (BES/FRYS)

The universal scaling function can be extracted from Ry (1) — L) 1 fle,0) +
the behavior of the magnon resolvent at infinity: " e 2u  2u’

dlog x
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( ‘|—IC)R —|—Rh J du
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2 -- the kernel is given by the “magic formula” of
K=D|K-+Ki+2K 1 — D2 K+) D BES in terms of the even/odd kernels K-
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r=z(u+1i0), y=y(v—10)

K. F(u)= / dv K4 (u,v)F(v)

For functions F(u) analytic in UHP and the
real axis and decaying faster than //u IK, Serban, Volin’08
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BES/FRS equation in the x-plane

Express magnon resolvent Ry~ (u-1;)! in terms of resolvent in x-space S~ (x-x;)™!
Ry (u) = S(x) + 5(1/x)

and require that (D =D1)S(x) has at most a simple pole at X = =£].

Then the action of K+ drastically simplifies: to any order in €,

<> K,DR,, = (D — D~Y)S(1/z)
and the BES/FRS equation becomes

s> (D' —D)S(z)+K_D[S(x) — S(1/z)]+ D 'Ry = j O, log x (upper half plane u)

(D —D™)S(x) = K_D7[S(x) = S(1/x)] + DRy = j 0, log (lower half plane u)
® Solution in the leading 1wy b —a? — je o 7
order (first obtained by S(z) = € r—1 o b= v1+(je)

Casteil-Kristjansen’07)

A = M ++/j? + 16g% log M % EN

e Can be solved perturbatively in €. The second order found by D. Volin’08 confirms the
(formidable) calculation by N. Gromov’08.




The case j=0: BES equation

The € expansion is not uniform: two different strong coupling limits [IK, Serban, Volin’07]

€ >0 with u fixed (Plane Waves/ Giant Magnons)

€->0 withz=(u-1)/€ fixed (Near Flat Space)

p(u)
_NFS
PW T GM N PW




BES equation ( j=0): Complete perturbative (in €) solution

Basso, Korchemsky, Kotanski’07;

_ IK, Serban, Volin’08
At j—0 : homogeneous equation:

(D — D—l)S(l/x) =K, D[S(x)+ S(1/x) -
(D— DY) S(z) = K_D[S(z) — S(1/z)] (UHP) -

=>  S(x+4i0) + S(x —i0) =0

(valid perturbatively in €)
S(z)+ S(—x) =0

S(z) — F-, (v — oo =+10)
€

J1 — 2
S(I‘) _ 1 1 L Alday, Arutyunov, Benna,

Solution in the leading order: T .
€E 1 — = Eden, Klebanov’07




1) Solution in the PW regime (ju| >1)

General solution of the homogeneous equations:

CpL € Cyp |€
Gl

g —
\/1_—$Q l; xz 2k (1 — 22)2k+1

o0 2k+ 2k .—

The solution has 2 singular points: at x = £1 or u = £1
(NFS regime).

The coefficients can be fixed by comparing with the

: : S : u— 1
expansion near the singular points in the rescaled variable z =

€




From the homogeneous equations:

Gy— 1 ;t YD iDS(x) £iS(1/x)] - analytic in C / [-00,-1]U[1,+00]

g+ ==Fi(D — D™ H[S(x) £iS(1/z)] -- analytic in C /[-1,1]

1+
"(D-1)G.

gi:D:F’L

Inverse Laplace w.rt. gz =

* 2€

5] P[5 — 5+ 4] -
e y0e(s) = £V2 G (s) .
l+=74’ 1 - g]
=> no poles, only a branch
analytic everywhere except the analytic everywhere except the cut [0, 0]
negative real axis positive real axis.

._) expansion of rhs at §=00 coincides with expansion of lhs at §=0 (known)

o 4 the coefs Ck(E)




3 different scaling regimes:

Extend the method for the case when both S and L are large.

L~log M
Freyhult, Rej, Staudacher’ 07
Three different regimes:

L /(g log M)~I L /(g log M)~g ™ L /(g log M)~e ¢
. . . B. Basso, G.
N. Gromov’08 “Double scaling limit” Korchemsky’08
D. Volin, 08 Fioravanti,

Grinza,Rossi’08

Alday
0(6) Maldz;cena’07







Integral equation for the S1(2) sector (BES/FRS)

(ﬁ)Lﬁ u, — u) 1—1/x)z;
T, s ul —u; 1—1/x,z;)
ks -- Repulsive interaction

49 => Bethe roots on the real axis

€

Take log, specify the root (mode
number nx) for each ux.
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In the limit M — oo

=> Integral equation for the
magnon density  p(u) = dk/du




Derivation of the holomorphic kernels

-\ J

Assurmng that the function F'(v ) is analytic in the upper half plane and decreases at least as
1/u at u — 0o, we can express the action of the kernals K1 as a contour integral

Ky F(u)= / dv Ky(u,v)F(v) = ]{ dvKy(v)F(v), (4.5)

R—i0 [—1,1]

where the integration contour closes around the cut [—1, 1] of K. Then we represent the contour

integral as a linear integral of the discontinuity of the integrand. Using the the definition of the
kernels K and the properties

z(v—1i0)=1/z(v+1i0), u e [—1,1]
(v —i0)=x(v +1i0) , v e R\[-1,1], (4.6)

we obtain the following simple expressions for the continuous and the discontinuous part of the
kernel
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