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We use gauge/gravity duality to study deeply virtual Compton scattering (DVCS) in the limit
of high center of mass energy at fixed momentum transfer, corresponding to the limit of low
Bjorken x, where the process is dominated by the exchange of the pomeron. Using conformal
Regge theory we review the form of the amplitude for pomeron exchange, both at strong and
weak ’t Hooft coupling. At strong coupling, the pomeron is described as the graviton Regge
trajectory in AdS space, with a hard wall to mimic confinement effects. This model agrees with
HERA data in a large kinematical range. The behavior of the DVCS cross section for very high
energies, inside saturation, can be explained by a simple AdS black disk model. In a restricted
kinematical window, this model agrees with HERA data as well.
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1. Introduction

The strong interaction is one of the fundamental interactions of nature. It is tempting to attempt
to study it perturbatively, as for example quantum electrodynamics, however as is well known the
equation for the running of the coupling constant is

α(µ1) =
4π

b0 ln(µ2
1/Λ2

QCD)
(1.1)

with, b0 = 11
3 N − 2

3 n f . Since the coupling is running in the opposite way to QED, we can use
perturbative QCD when all the energy scales in the problem are high, but once the energy scales
are of the order of ΛQCD the perturbative expansion breaks down, and we need other techniques to
explain experimental results.

Our goal is precisely to apply strong coupling techniques to study real world QCD results. In
particular in this note, we will use the so called AdS/CFT correspondance [1] which relates string
theory (with gravity) on AdS5×S5 to N = 4SY M (a gauge theory close to QCD), and which can
be adapted to allow us the study of the strong interaction at strong coupling. Here we will present a
short summary of the main results, necessarily skipping over some subtleties and careful analysis,
which are presented in detail in [2].

2. Pomeron in AdS

In the Regge limit
s� t (2.1)

the Pomeron is the leading order exchange in all total cross sections, and in 2→ 2 amplitudes with
the quantum numbers of the vacuum. It is the sum of an infinite number of states with the quantum
numbers of the vacuum, and it leads to an amplitude that as s→ ∞ goes as

A(s, t)∼ sα(t), α(t) = α(0)+
α ′t
2

, (2.2)

where α(t) is the Regge trajectory. The Pomeron has been studied since the 1960’s, and in pertur-
bative QCD its propagation is given by the BFKL equation.

Now as mentioned before gauge/gravity duality is a proposed exact equivalence between a
wide class of theories, with the prototype example being type IIb string theory on AdS5×S5, and
N = 4SY M living on the boundary of the AdS space. The duality relates states in string theory to
operators in the field theory through the relation〈

e
∫

d4xφi(x)Oi(x)
〉

CFT
= Zstring [φi(x,z)|z∼0] (2.3)

The duality works in the limit

NC→ ∞, λ = g2NC = R4/α
′2� 1, (2.4)

and therefore when the coupling is strong.
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The form of the metric on AdS space that we will use is

ds2 = e2A(z) [−dx+dx−+dx⊥dx⊥+dzdz]+R2d2
Ω5. (2.5)

N = 4SY M is a conformal theory, and as such different from QCD in that it does not incor-
porate effects of confinement. There are different possibilities one can use in order to put a theory
on a space that is only asymptotically AdS, and instead get a dual theory which is not conformal.
One such possibility, the one we will use in this study, is to place a sharp cutoff on the radial AdS
coordinate at a point z0 ' ΛQCD, and require z < z0. The position of the cutoff sets a scale in the
theory and thus breaks conformal invariance.

The question then arises, what is the Pomeron in AdS string theory? This was answered
by Brower, Polchinski, Strassler and Tan [3], giving the Pomeron as the Regge trajectory of the
graviton. The Pomeron exchange propagator in AdS is given by

K =
2(zz′)2s

g2
0R4 χ(s,b,z,z′), (2.6)

where due to conformal invariance χ is only a function of two variables τ and L, related to the log
of the center of mass energy and the geodesic distance in AdS space respectively.

χ(τ,L) = (cot(
πρ

2
)+ i)g2

0e(1−ρ)τ L
sinhL

exp(−L2

ρτ
)

(ρτ)3/2 (2.7)

According to the Froissart bound

σtot ≤ πc log2(
s
s0
) (2.8)

and hence the Pomeron exchange violates this bound. Therefore eventually effects beyond one
Pomeron exchange become important. One way to include these effects and keep the theory unitary
is to study the eikonal approximation in AdS space [4, 5, 6, 7], giving us an expression for the
amplitude

A(s, t) = 2is
∫

d2le−il⊥·q⊥
∫

dzdz̄P13(z)P24(z̄)(1− eiχ(s,b,z,z̄)). (2.9)

We can study different scattering processes by supplying different wave functions for the external
states, P13 and P24. For example, this has already been applied to DIS [8], or using the black disk
model [9, 10].

3. Deeply Virtual Compton Scattering

Deeply Virtual Compton Scattering (DVCS) is the scattering between an off-shell photon and
a proton, with the outgoing photon being on-shell [11]. We are interested in calculating the differ-
ential and exclusive cross sections

dσ

dt
(x,Q2, t) =

|A|2

16πs2 , (3.1)

and
σ(x,Q2) =

1
16πs2

∫
dt |A(s, t)|2 . (3.2)
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Here A is the amplitude (2.9). We now just need to supply the wavefunctions of the photon and the
proton. For the proton we assume a bound state of size z∗ for which an approximation in AdS/CFT
language is a state localized in the bulk around z∗, so we will take as P24(z̄) = δ (z̄− z?). For the
photon we can calculate the wave function by evaluating the Witten diagram for the propagation of
a gauge current in AdS. The wavefunction we calculate this way is P13(z) =−C π2

6 K1(Qz), with C
an unknown normalization constant.

4. Models

In our paper [2] we first apply the black disk model to approximate χ in the amplitude (2.9),
but due to time constraints in these talks we are not able to discuss it. Instead we start by the
conformal single pomeron exchange, which consists of expanding the amplitude to first order

1− eiχ ≈−iχ =−i(cot(
πρ

2
)+ i)g2

0e(1−ρ)τ L
sinhL

exp(−L2

ρτ
)

(ρτ)3/2 (4.1)

Our model depends on 3 parameters, z∗ the position of the proton, ρ = 2− j0 = 2√
λ

and Cg2
0 the

product of the aforementioned normalization and g2
0 is related to the coupling of the external states

to the pomeron.
We also look at the hard-wall model, obtained by placing a cutoff at z = z0. This modifies the

pomeron propagation kernel. In this analysis we approximate it by

χhw(τ, l,z, z̄) =C(τ,z, z̄)D(τ, l)χ
(0)
hw (τ, l,z, z̄) (4.2)

where χhw(τ, t = 0,z, z̄)= χ(τ,0,z, z̄)+F (τ,z, z̄)χ(τ,0,z,z2
0/z̄) , D is an exponential cutoff at large

b, and C is a normalization function which ensures the t = 0 result, known exactly, is recovered
after integrating all b. F is a function that varies between−1 and 1 and can be seen to represent the
relative importance of confinement. For the data here analyzed it will roughly vary between −0.1
and −0.4.

5. Data Analysis

We would next like to apply these model to a data analysis. We will compare our expression to
the experiments performed at HERA [12, 13]. All the data is at small x (x < 0.013), which means
it is in the region where pomeron exchange is dominant. We have 52 points for the differential and
44 points for the cross section.

For the conformal pomeron the results we get by fitting the differential cross section to the
data, we get

g2
0 = 1.95±0.85 , z∗ = 3.12±0.160GeV−1 , ρ = 0.667±0.048 . (5.1)

corresponding to a χ2
d.o. f . = 1.33. By fitting the total exclusive cross section we get

g2
0 = 8.79±4.17 , z∗ = 6.43±2.67 GeV−1 , ρ = 0.816±0.038 . (5.2)
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with a χ2
d.o. f . = 1.00 . Note that running the same fit using the eikonal approximation, instead of

just keeping single pomeron exchange, does not improve the fits, due to the fact that the size of χ

is small in this kinematical region.
Using the hard-wall pomeron our results for the differential cross section are

g2
0 = 2.46 ±0.70 , z∗ = 3.35±0.41 GeV−1, ρ = 0.712±0.038 , (5.3)

z0 = 4.44±0.82 GeV−1.

corresponding to χ2
d.o. f . = 0.51 . Fitting the cross section we get

g2
0 = 6.65±2.30 , z∗ = 4.86±2.87 GeV−1, ρ = 0.811±0.036 , (5.4)

z0 = 8.14±2.96 GeV−1.

with a χ2
d.o. f . = 1.03 . We note that for cross section, the fits for the hard-wall and conformal models

are equally good, and for the differential cross section the hard-wall fit is better, because for low t
some effects of confinement are still felt. In figure 1 we can see a plot of our result for the hard-wall
pomeron.
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Figure 1: The plots of the hard wall pomeron compared to HERA data. The first 5 correspond to the
differential cross section, and the last one to the cross section where we omit some values of Q2 to avoid
cluttering the graph.

6. Conclusions

We have seen that we now have two processes (DIS and DVCS) where the AdS black disk
and the AdS (BPST) pomeron exchange give excellent agreement with experiment in the strong
coupling region. Hence string theory on AdS is giving us interesting insights into non-perturbative
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scattering. The value of the pomeron intercept is in the region 1.2−1.3 which is in the crossover
region between strong and weak coupling, and a lot of the equations have a form which is very sim-
ilar both at weak and at strong coupling (but χ is different). It might therefore be possible to extend
some of the insights we gain even into the weak coupling regime. The hard wall model, although
a simple modification of AdS, seems to capture effects of confinement well. It will be interesting
to repeat some of the calculations using a different confinement model to identify precisely what
features are model independent.

We should apply these methods to other processes where pomeron exchange is dominant,
eventually having a single set of parameters to describe all pomeron processes. Next step is to
study vector meson production, which is similar to DVCS, but with the difference that the outgoing
particle is not a photon but a meson. It is also interesting to extend these methods beyond 2→ 2
scattering. A recent paper [14] applies double pomeron exchange to Higgs production, a 2→ 3
scattering process with the exchange of two pomerons.
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