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We show the result for the BFKL Pomeron intercept at N = 4 SYM in the form of the inverse
coupling expansion j0 = 2− 2λ−1/2 −λ−1 +1/4λ−3/2 +2(1+ 3ζ3)λ

−2 +O(λ−5/2), which has been
calculated in [1] with the use of the AdS/CFT correspondence.

PACS: 11.30.pb; 12.10.-g; 12.15.-y

The investigation of the high-energy behavior of scattering amplitudes in the N = 4
Supersymmetric YangÄMills (SYM) model [2, 3] is important for our understanding of the
Regge processes in QCD. Indeed, this conformal model can be considered as a simpliˇed
version of QCD, in which the next-to-leading order (NLO) corrections [4] to the BalitskyÄ
FadinÄKuraevÄLipatov (BFKL) equation [5] are comparatively simple and numerically small.
On the other hand, due to the AdS/CFT correspondence [6,7], in N = 4 SYM some physical
quantities can be also computed at large couplings.

With the use of the BFKL equation in a diffusion approximation [2], strong coupling
results [8,9] for anomalous dimension (AD) γ of twist-2 Wilson operators and the Pomeron-
graviton duality [10], the Pomeron intercept was calculated at the leading order in the in-
verse coupling constant (see Erratum [11] to the paper [12]). Similar results were obtained
also in [13].

Due to the symmetry of the BFKL equation to the substitution γBFKL → 1 − γBFKL,
its r.h.s. is an even function of ν (j is spin and the number of derivations in the Wilson
operators)

ω = ω0 +
∞∑

m=1

(−1)m Dm ν2m, γBFKL =
1
2

+ iν, ω = j − 1, (1)

where ω0 and Dm are functions of the 't Hooft coupling constant λ with known ˇrst two
coefˇcients, which are ∼ λ and ∼ λ2.
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Due to the Méobius invariance and hermicity of the BFKL Hamiltonian in N = 4 SYM,
expansion (1) is valid also at large coupling constants. In the framework of the AdS/CFT cor-
respondence, the BFKL Pomeron is equivalent to the Reggeized graviton [10]. In particular,
in the strong coupling regime λ → ∞

j0 = 2 − Δ, (2)

where the leading contribution Δ = 2/
√

λ was calculated in [11, 13]. Below we present the
following several terms in the strong coupling expansion of the Pomeron intercept.

Due to the energy-momentum conservation, the universal AD of the stress tensor Tμν

should be zero, i.e.,

γ(j = 2) = 0. (3)
It is important, that the AD γ does not coincide with γBFKL appearing in the BFKL equation.
They are related as follows [4,18]:

γ = γBFKL +
ω

2
=

j

2
+ iν, (4)

where the additional contribution ω/2 is responsible, in particular, for the cancellation of the
singular terms ∼ 1/γ3 obtained from the NLO corrections to the eigenvalue of the BFKL
kernel [4, 18]. Using the above relations, one obtains ν(j = 2) = i. As a result, from Eq. (1)
for the Pomeron trajectory we derive the following representation for the correction Δ to the
spin-2 graviton:

Δ =
∞∑

m=1

Dm. (5)

According to (2) and (5), we have the following small-ν expansion for the eigenvalue of
the BFKL kernel:

j − 2 =
∞∑

m=1

Dm

(
(−ν2)

m − 1
)

, (6)

where ν2 is related to γ according to Eq. (4)

ν2 = −
(

j

2
− γ

)2

. (7)

On the other hand, due to the AdS/CFT correspondence, the string energies E in dimen-
sionless units are related to the AD γ of the twist-two operators as follows [7]:

E2 = (j + Γ)2 − 4, Γ = −2γ, (8)

and therefore we can obtain from (7) the relation between the parameter ν for the prin-
cipal series of unitary representations of the Méobius group and the string energy E: ν2 =
= −(E2/4 + 1). This expression for ν2 can be inserted in the r.h.s. of Eq. (6) leading to the
following expression for the Regge trajectory of the graviton in the anti-de Sitter space:

j − 2 =
∞∑

m=1

Dm

[(
E2

4
+ 1

)m

− 1
]

. (9)
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We assume, that Eq. (9) is valid also at large j and large λ in the region 1 � j �
√

λ,
where the strong coupling calculations of energies were performed [14, 15]. These energies
can be presented in the form 1

E2

4
=

√
λ

S

2

[
h0(λ) + h1(λ)

S√
λ

+ h2(λ)
S2

λ

]
+ O

(
S7/2

)
, (10)

where

hi(λ) = ai0 +
ai1√

λ
+

ai2

λ
+

ai3√
λ3

+
ai2

λ2
. (11)

The contribution ∼
√

S can be extracted directly from the Basso result [16] taking Jan = 2
according to [17]:

a00 = 1, a01 = −1
2
, a02 = a03 =

15
8

, a04 =
135
128

. (12)

The coefˇcients a10 and a20 come from considerations of the classical part of the spinning
folded string corresponding to the twist-2 operators (see, for example, [15])

a10 =
3
4
, a20 = − 3

16
. (13)

The one-loop coefˇcient a11 is found recently in the paper [17], considering different
asymptotical regimes with taking into account the Basso result [16] (ζ3 is the Euler ζ-function)

a11 =
3
16

(1 − ζ3) . (14)

Comparing the l.h.s. and r.h.s. of (9) at large j values gives us the coefˇcients Dm

and Δ. So, at λ → ∞, the correction Δ for the Pomeron intercept j0 = 2 − Δ has the form

Δ =
2

λ1/2

[
1 +

1
2λ1/2

− 1
8λ

− (1 + 3ζ3)
1

λ3/2
+

+
(

2a12 −
145
128

− 9
2
ζ3

)
1
λ2

+ O

(
1

λ5/2

)]
. (15)

The fourth corrections in (15) contain unknown coefˇcient a12, which will be obtained
after the evaluation of the spinning folded string on the two-loop level. Some estimations
were given in Sec. 6 of [1].
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1Here, we put S = j − 2, which, in particular, is related to the use of the angular momentum Jan = 2 in
calculations of [14, 15].
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