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FIG. 7: The ratio FD
2A/(AFD

2p) as a function of β for Ca, Sn
and Au nuclei for Q2 = 5 GeV2 and xP = 10−3. Results are
for the “non breakup” case in the IPsat model (thick lines)
and the bCGC model (thin lines).

All parameters of the model come from either fits of the
model to ep-data or from the Woods-Saxon distribution;
no additional parameters are introduced for eA collisions.

The Glauber form (24) has a straightforward in-
terpretation as the dipole scattering independently off
the different nucleons. To see this explicitly denote
dσdip

d2bT
(rT ,bT ) = 2(1 − S(rT ,bT )), where the S-matrix

element S(rT ,bT ) is the amplitude for the dipole to
not interact (elastically; the relation to the inclusive
cross section is via the optical theorem) with the tar-
get. The S-matrix element for scattering off a nucleus
is then given by SA(rT ,bT ) =

∏A
i=1 Sp(rT ,bT − bT i)

which, for the IPsat model, turns out to be equivalent
to Tp(bT ) →

∑A
i=1 Tp(bT − bT i). Note that in the form

(24) there is no leading twist shadowing, i.e. in the large
Q2 or small r limit σA

dip → Aσp
dip, because in this limit

σp
dip ∼ r2 is small and one can expand the exponential.

The situation for the bCGC model is much more com-
plicated, since the replacement Tp(bT ) →

∑A
i=1 Tp(bT −

bT i) into the definition of the bCGC saturation scale
(6) does not lead to the Glauber form (24). One could
see this as a consequence of the “noncommutativity” of
nuclear effects and high energy evolution: even if one as-
sumes that for a particular x and rT a dipole interacts
independently with the nucleons in a nucleus, this will
not necessarily be the case for other rapidities and dipole
sizes because the evolution sums up nonlinear interac-
tions between the nucleons. Since it is not completely
obvious how to introduce a nuclear dependence directly
into the bCGC parametrization for the dipole cross sec-
tion we will in this work use (24) for the bCGC model as
well. A comparison of high energy evolution for protons
and nuclei would be out of the scope of this work, see
however Refs. [61, 62].

In Ref. [19], we showed that the nuclear dipole cross-
sections obtained in this manner gave a good (parameter
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FIG. 8: The ratios FD
2A

x
/(AFD

2p
x
) at xP = 10−3 for different

components of the diffractive structure function plotted as a
function of Q2. The components are evaluated where they
are dominant: at β = 0.1 for qq̄g, β = 0.5 for T and β = 0.9
for L. Results are in the IPsat model for both “breakup” and
“no breakup” cases. (a) Ca nuclei, (b) Au nuclei.

free) agreement with the x and Q2 dependence of the
NMC inclusive structure function data [63, 64] at small
x. However, at the level of the accuracy of the data, it
was not possible to distinguish between the IPsat and
b-CGC models for the inclusive cross-section. We will
now consider nuclear diffractive (qq̄ and qq̄g) structure
functions in the two dipole models. This is obtained by
substituting the nuclear dipole cross-section (Eq. (24)) in
Eqs. (7), (11) and (13).

It is very easy to break up a nucleus with a rela-
tively small momentum transfer |t| ! |tAmin|. However,
for |tAmin| " |t| " |tpmin|, where tpmin is the minimum mo-
mentum transfer required to break up the proton, one
can still have a nuclear diffractive event with a rapid-
ity gap. For |t| ! |tAmin|, the “lumpiness” of the nu-
cleus shows up as a proton-like tail ∼ exp{CtR2

p)} of
the t-distribution. In our formalism, if one requires that
the nucleus stays completely intact, the average ⟨·⟩N in
Eq. (22) must be performed at the amplitude level; the


