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Abstract

Pomeron in QCD is a composite state of reggeized gluons. Tie B
ansatz for production amplitudes in the planar approxiomafibr N =

4 SUSY is not valid beyond one loop due to the presence of the Man
delstam cuts. The hamiltonian for the corresponding coitgetates

in the adjoint representation coincides with the hamitiorof an inte-
grable open Heisenberg spin chain.

1 BFKL Pomeron and anomalous dimensions

In the leading and next-to-leading approximations fo QCD #re supersymmetreic gauge the-
ories the high energy production amplitude in the planar@pmation has the multi-Regge
form [1-3], which gives a possibility to write a Bethe-Sdkretype equation for the total cross-
sectiono;. The corresponding Pomeron wave function satisfies thetiequaf Balitsky, Fadin,
Kuraev and Lipatov (BFKL) [1]

EY(p1,p2) = Hi2V(p1,p2) , A=~ ;WC E, o4 ~ ghmaz 1)

It is important, that the BFKL Hamiltoniaik{5 in the coordinate representatignis invariant
under the Mobius transformations [4, 5].

One can write the Bartels-Kwiecinski-Praszalowicz (BK&)a&tion [6] for colorless com-
posite states of several reggeized gluons and the corréspbamiltonian in the largeéV.-limit
has the separable form [7]
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Apart from the Mobius invarianck has the duality symmetry [8]

Pk — Pkj+1 — Dktl 4)

andn integrals of motiory,, ¢’ [9]. The operators: andh* are local hamiltonians of the in-
tegrable Heisenberg spin model [10]. As usual, for the natielg system one can introduce the
transfer ") and monodromy#) matrices according to the definitions [9]

T(u)=Trt(u) = Z u""q, t(u) = Li(u)Lo(u)...Ly(u), (5)
r=0
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The matrix elementsi(u), B(u), C(u), D(u) satisfy some bilinear commutation relations fol-

lowing from the Yang-Baxter equation [9] which can be solvéth the use of the Bethe ansatz
and the Baxter-Sklyanin approach [11, 12].

One can calculate next-to-leading corrections to the BF#llagion [13]. The eigenvalue
of its kernel A(n,~) does not contain the non-analytic terds o and |, only in N = 4
SUSY [3]. Further, all functions entering this expressi@wvdithe property of the maximal tran-
scendentality [14]. This property is valid also for the amdmas dimensions of twist-2 -operators
in N = 4 SUSY [15, 16] contrary to the case of QCD [17]. One can cateutllae higher loop
corrections with the use of the effective action [18, 19].

The leading Pomeron singularity iN = 4 SUSY should be situated in the strong cou-
pling regime near the point = 2 coinciding with the graviton Regge pole. This conclusion
is related to the AdS/CFT correspondence, formulated irfriraework of the Maldacena hy-
pothesis claiming, thalv = 4 SUSY is equivalent to the superstring model living on the 10-
dimensional anti-de-Sitter space [20-22]. In this casemicg to Ref. [21] the eigenvalue
for the BFKL hamiltonian in the diffusion approximation acides with the expression for the
graviton Regge trajectory [16]. From the knowledge of thm&geictory at largei and j [23]
one can calculate the explicit expression for the Pomertardapt at large coupling constants
j=2—a"Y2/2r[16,24].

More then ten years ago it was argued [25], thatfor= 4 SUSY the evolution equa-
tions for anomalous dimensions of quasi-partonic opesatine integrable in LLA. Later such
integrability was generalized to other operators [26] amtiigher loops [27]. With the use of
the maximal transcendentality and integrability the eigmator the cusp anomalous dimension
was constructed in all orders of perturbation theory [28, A%ter the anomalous dimension
of twist-2 operators in four loops was calculated [30]. Afigking into account the wrapping
effects [31] the obtained expressions agree with the BFKdiations [3, 14].

2 Two gluon production amplitudes and the Mandelstam cuts

For the case of the maximal helicity violation i = 4 SUSY Bern, Dixon and Smirnov sug-
gested a simple ansatz for the multi-gluon scattering dog#iin the planar limite N, ~ 1 [32].
It can be expressed as a product of an infraredly divergetirfand some special functions.

Recently the BDS ansatz was investigated in the multi-Réggematics [33] (see also
Ref. [34]). It turns out, that the elastic amplitude has tleg@e asymptotics and the amplitude for
one gluon production has the multi-Regge form in an agreemi¢mthe Steinman relations [33].
However, for two gluon production in the physical kinemalicegion, wheres, s > 0 but
s1,83 < 0 the Regge factorization for the BDS amplitude is broken [38]similar situation
is valid for the BDS amplitude describing the transitidn— 3 in the region, where, sy =
th > 0 butsy,s3 < 0. The reason for the breakdown of the Regge factorizatiohas the
production amplitudes in these regions should contain thaddlstam cuts in thgpane of the
to-channel [33]. It means, that the BDS amplitudes are noecbiyeyond 1 loop.

In the elastic amplitude the cut in thieplane appears only in the non-planar diagrams



because the integrals over the Sudakov variables 2k P4 /s and3 = 2kpp for the reggeon
momentak andg — k should have the singularities above and below the correspgmntegration
contours. For the case of planar diagrams this conditionlfdléd only for the multi-particle
amplitudes starting from six external particles in the oegs, s; > 0 ands;,s3 < 0. The
imaginary part of the amplitudd,_., in the so-channel can be written in terms of the BFKL-
like equation for the state in the adjoint representatid@]j.[®ne can obtain the exact solution of
this equation [35]
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The eigenvalue of the reduced BFKL kernel is
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This result is in a disagreement with the BDS ansatz staftorg two loops. The leading singu-
larity of thet,-partial wave corresponds to= 1 and is situated gt— 1 = w(t2) +a(4In2—2).

3 Integrability for multi-gluon composite states

Here we shall discuss the Mandelstam cuts constructed fewera reggeons [36]. The non-
vanishing contribution from the exchangerof- 1 reggeons appears in the planar diagrams only
if the number of external lines is > 2n + 4. The Green function describing the interaction
of n reggeized gluons in the adjoint representation satisfee8HKL equation with the integral
kernel [36]
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The reduced Hamiltoniail has the property of the holomorphic separability [36]

H=h+h*, b= N gy (10)
=1

With the use of the duality transformations (cf. [8])
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one can present the holomorphic hamiltontaim the form invariant under the Mobius transfor-
mations, which gives a possibility to pug = 0, z, = oo. For this choice of these coordinates
one can preserit as follows [36]
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whereh,. 1 coincides in fact with the expression (3) after the subisbitup, — 2.



One can verify the commutativity df with the matrix elemenD(«) of the monodromy
matrix (6) introduced for the description of integrabilifthe BKP equations in the multi-color
QCD [36]

[D(u),h] =0. (13)
Moreover, h coincides with the local hamiltonian of the open integradsenberg model in
which spins are generators of the Mobius group.

To solve this model we can use the algebraic Bethe ansatthiBqurpose it is convenient

to go to the transposed space, where the pseudo-vacuumbgtasn be written in the simple
form

n—1
Vo= ][22, C'u)¥e=0. (14)

Here the operataf(u) is the transposed matrix eleméfitt) of the monodromy matrix (6). The
eigenfunctions oh and D(u) are constructed in the framework of the Baxter-Sklyanirreagh
by applying the product of the Baxter functio@gu) to the pseudovacuum state

n

v =[] Q") ¥y, (15)
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where the operators, are zeroes of the matrix elemeB{«) of the monodromy matrix(u).
The Baxter function satisfies the Baxter equation whichdsiced to the simple recurrent relation

Aw) Q(u) = (u+9)" L Qu+1). (16)

The functionA () is an eigenvalue of the integral of motidn(«) and can be written in terms of
its roots

n—1
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As a result, one can present the solution of the Baxter emuatithe form [36]

- L'(=tu—ay)
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The composite state Regge trajectory has the additivitpgrty

n—1 n—1
wn(t) = w(t) — gE, E=) ela,)+ Z e(a,), (19)
r=1 r=1
where n
e(a) =¢(a) + (1 —a) = 2¢(1), ap =iv, + . (20)

For three gluon composite state in the adjoint represemtatie can find an explicit solu-
tion of these equations in the momentum space [36]

V) = ) TR [ e (B) (R e
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where

—z'u:z'uu—i-%, —iﬂ:iyu—%, /dQuE/_O:OquNioo. (22)
and
o(u,u) =uvuQu,u), (23)
where
Q(u. ) ~ I(iu)T (i) I'(—iu — a1) D(—iu — ag) (24)

P(1—du) (1 —iw) D1+ 0+ @)l (1 + 1 + ag)
in an accordance with the Baxter-Sklyanin representatidh [
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