
iii) to establish the connection between the above-mentioned description based

on the notion of the colour-dipole cross section and the conventional gluon

density of the proton.

The evaluation of the two-gluon exchange diagrams from Fig.1 in the low-x

limit, and transition to transverse position space, leads to [3, 1]

σγ∗p(W
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∫
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2(r2

⊥
Q2z(1 − z), Q2z(1 − z), z) ·

· σ(qq̄)p(r
2
⊥
, z(1− z),W 2). (4)

where the Fourier representation of the colour-dipole cross section is given by

σ(qq̄)p(r
2
⊥
, z(1 − z),W 2) =

∫

d2l⊥σ̃(qq̄)p(~l
2

⊥
, z(1− z),W 2) · (1− e−i~l⊥·~r⊥). (5)

Indeed, substituting (5) into (4), together with the Fourier representation of the

photon-wave function |ψ|2, yields [2] precisely the momentum-space representa-

tion for the cross section based on the diagrams in Fig.1 evaluated in the x→ 0

limit. We note that the detailed structure of the interaction of the (qq̄) pair, once

the pair has emitted (at least) two gluons, is fully buried in the colour-dipole

cross section, or rather in its Fourier-transform, σ̃(qq̄)p, in (5).

From (5), for vanishing and for infinite quark-antiquark separation, respec-

tively, we have

σ(qq̄)p(r
2
⊥
, z(1 − z),W 2) = σ(∞) ·

{

1
4
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1 , for r2
⊥
→ ∞,

(6)

where by definition

σ(∞) = π
∫

dl2
⊥
σ̃(~l2

⊥
, z(1 − z),W 2), (7)

and 〈~l2
⊥
〉, the average gluon transverse momentum, is given by [5]

〈~l 2〉W 2,z =

∫

d~l 2
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σ̃(qq̄)p(~l
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⊥
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∫
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⊥
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. (8)

If the GVD/CDP defined by (4) and (5) is to be consistent, the asymptotic

(~r2
⊥

→ ∞) limit of the colour-dipole cross section, σ(∞), defined in (7), must
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