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FIG. 2: β-dependence of the different contributions to the
proton diffractive structure function at Q2 = 5 GeV2 and
xP = 10−3.

and N (r, xP,bT ) = dσdip

d2bT
(r, xP,bT )/2. The coupling con-

stant αs in Eqs. (10) and (12) is treated here as a con-
stant free parameter (independent of the DGLAP evolu-
tion momentum scale in the IPsat model). A more thor-
ough study of the running coupling effects in this problem
is an interesting question that is out of the scope of the
present work.

Depending on the mass of the diffractive system MX

or, equivalently, β, the diffractive structure function is
dominated by either the qq̄ or qq̄g Fock states. (See
Ref. [48] for a general argument of the β dependence.)
Specifically, in the limit β → 1, the dominant component,
FD

L,qq̄ is a longitudinally polarized qq̄ system. At interme-
diate β ∼ 0.5 the dominant component is a transversally
polarized qq̄ denoted here by FD

T,qq̄ . In the limit β → 0
the invariant mass of the diffractive system is large, and
this large phase space is filled by radiation of additional
gluons, each of them being suppressed by αs. This struc-
ture is illustrated in Fig. 2.

In Ref. [39], it was shown that the β = 0 limit
of Eq. (10), at Q2 → ∞, approaches the result from
Eq. (12). This therefore suggests the following interpo-
lation formula between the two limits [39]:

xPFT,qq̄g(xP, β, Q2) =

xPFD (GBW)
T,qq̄g (xP, β, Q2) × xPFD (MS)

T,qq̄g (xP, Q2)

xPFD (GBW)
T,qq̄g (xP, β = 0, Q2)

. (14)

We also note the work in Refs. [30, 32, 49], which uses
yet another prescription whose relation to ours is not very
transparent.

III. IMPACT PARAMETER DEPENDENCE

We shall now discuss the b-dependence of the dipole
cross-sections (see also e.g. Refs. [50, 51, 52]). Several
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FIG. 3: b-dependence of the the inclusive structure func-
tion and different contributions to the diffractive structure
function at Q2 = 1 GeV2 (a) and Q2 = 100 GeV2 (b) for
x = 10−3 (inclusive) and xP = 10−3 (diffractive). In plot
(b) (Q2 = 100 GeV2) the b-dependence of the inclusive cross
section and qq̄g-components are indistinguishable.

works on the subject (for example, Refs. [8, 9, 21, 35])
assume, explicitly or implicitly, a factorizable bT depen-
dence

dσdip

d2bT
(bT , rT , x) = 2N (bT , rT , x) = 2 Tp(bT )N(rT , x) .

(15)
When considering diffractive scattering on protons, this
is consistent with the exponential t dependence observed
in experiments, and in fact implies that Tp(bT ) is Gaus-
sian.

In the IPsat model, in contrast to the factorization
of the b-dependence in Eq. (15), the dependence of the
dipole cross-section on impact parameter is as in Eq. (2),
which equivalent to an impact parameter dependence of
the saturation scale Qs

2 ∝ Tp(bT ). In the IPsat model
the impact parameter profile of the proton saturation
scale is chosen to have the form

Tp(bT ) =
1

2πBG
e−

b2

2BG , (16)

which is normalized to unity. In the large Q2-limit the
cross section is dominated by small dipoles and one can
expand the exponential of Eq. (2), and the dipole cross
section becomes proportional to Tp(bT ). This corre-
sponds to ⟨b2⟩ = 2BG, which can be interpreted as the
average square gluonic radius in the proton.


