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Abstract. Recent measurements of the diffractive cross section in deep-inelastic scattering (DIS) at HERA
are presented. The data are used to investigate the factorisation properties of diffractive DIS and to examine
its quantum chromodynamic (QCD) structure.

1 Diffractive deep inelastic scattering

At low x in DIS at HERA, approximately 10% of the
events are of the type ep → eXp, where the final state
proton carries in excess of 95% of the proton beam en-
ergy [1]. The kinematics of these processes are illustrated
in Fig. 1. A photon of virtuality Q2, coupled to the elec-
tron, undergoes a strong interaction with the proton to
form a final state hadronic system X (mass M

X
) sepa-

rated by a large rapidity gap from the leading proton. No
net quantum numbers are exchanged. A fraction x

IP
of

the proton longitudinal momentum is transferred to the
system X. The virtual photon couples to a quark carry-
ing a fraction β of the exchanged momentum. The squared
four-momentum transfer at the proton vertex is denoted t.

2

β

Fig. 1. Illustration of the kinematic variables used to describe
diffractive DIS

Events with this ‘diffractive’ topology are interpreted
in Regge models in terms of pomeron trajectory exchange
between the proton and the virtual photon. The large pho-
ton virtualities encourage a perturbative QCD treatment
of the process. However, the parton level interpretation is
not obvious. In order to generate an exchange with net
vacuum quantum numbers, a minimum of two partons
must be exchanged in the t channel.

The differential cross section for diffractive DIS is of-
ten presented in terms of a diffractive structure func-
tion F

D(4)
2 (β, Q2, x

IP
, t), defined analogously to the in-

clusive proton structure function F2. The measurements
presented here have been obtained by requiring an ab-
sence of particles in the forward region, where t is not
directly measured. Therefore, the results are presented in
the form of a structure function F

D(3)
2 (β, Q2, x

IP
), corre-

sponding to an integral of F
D(4)
2 over t. The reduced cross

section σ
D(3)
r (β, Q2, x

IP
) is related to the diffractive struc-

ture functions F
D(3)
2 (β, Q2, x

IP
) and F

D(3)
L (β, Q2, x

IP
) by

σD(3)
r = F

D(3)
2 − y2

1 + (1 − y)2
F

D(3)
L , (1)

such that σ
D(3)
r ∼ FD

2 except at very large values of y.

2 Factorisation properties and diffractive
parton densities

The preliminary results presented here are based on data
collected with the H1 detector in e+p interactions at
HERA at low [2] , intermediate [3] and high [4] values
of Q2. In this section, these data are used to test the fac-
torisation properties of diffractive DIS.

A NLO QCD fit [5] has been performed on the inter-
mediate Q2 data. This fit was based on the hard scattering
QCD factorisation theorem for diffraction [6], which im-
plies that diffractive parton densities can be defined for
diffractive DIS, such that at fixed x

IP
and t, the Q2 and

β evolution is described by the DGLAP equations. The
dependence on (β, Q2) then represents a structure func-
tion for the exchanged pomeron [7]. In Fig. 2, the data
are compared with the results of the fit for one example
value of Q2 = 6.5 GeV2. The fit is found to give a good
description of the data across the large kinematic range
covered by the measurements, and results in diffractive
parton densities dominated by the gluon density, which
extends to large fractional momenta.

The hard scattering factorisation proof [6] makes no
prediction for the (x

IP
, t) dependence. From the QCD per-

spective, the diffractive parton densities could vary in both
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Fig. 2. Dependence of xIP σD
r on xIP at fixed Q2 = 6.5 GeV2,

for two values of β. The data are compared with the NLO QCD
fit

shape and normalisation with these variables. However,
the success of Regge phenomenology in describing soft
hadronic cross sections with a universal pomeron trajec-
tory suggests that there may be an extended ‘Regge’ fac-
torisation property, whereby the x

IP
dependence is driven

by Regge asymptotics and is completely decoupled from
the (β, Q2) dependence. The Regge factorisation hypoth-
esis is tested by measuring the data at a large number of
x

IP
values and performing a fit with a parameterisation of

the form

σD(3)
r = fIP(x

IP
)AIP(β, Q2) + fIR(x

IP
)AIR(β, Q2) (2)

where fIP(x
IP

) and fIR(x
IP

) correspond to pomeron and
sub-leading reggeon flux factors. The free parameters in
the fit are the effective pomeron intercept αIP(0) and the
coefficients AIP(β, Q2) and BIR(β, Q2) at each (β, Q2)
point. The fit yields αIP(0) = 1.173 ± 0.018 (stat.) ±
0.017 (syst.) +0.063

−0.035 (model), the dominant model depen-
dence uncertainty arising from the unknown contribution
of the cross section for longitudinally polarised photons.
The Regge factorisation hypothesis works well within the
kinematic range measured in [3], with no significant vari-
ation of the effective αIP(0) with β or Q2. There is thus
no experimental evidence at the present level of precision
for a variation of the diffractive parton densities with x

IP
.

3 Dependence on Q2 and β

In order to study the β and Q2 dependence of the data
with high precision, the reduced cross section σ

D(3)
r is ex-

tracted at several values of x
IP

. The data are presented in
Fig. 3 and 4 in the form σ

D(3)
r /fIP(IP), where fIP corre-

sponds to the “pomeron flux” used in the Regge and QCD
fits (2). The data are compared with the results of the
NLO DGLAP QCD fit. The similarity of the normalised
reduced cross section, in the regions in which they over-
lap, indicates that the factorising of the x

IP
dependence

is, indeed, a good approximation.
A striking feature of the data is the scaling violations

with positive ∂σ
D(3)
r /∂ lnQ2 throughout most of the phase

space, becoming negative only at the highest measured
values of β. This behaviour is in contrast to that observed
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Fig. 3. Q2 dependence of the reduced cross section scaled by
the values assumed for the t-integrated pomeron flux in the
QCD fits. The data are compared with the prediction of the
NLO QCD fit
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Fig. 4. β dependence of the reduced cross section scaled by
the values assumed for the t-integrated pomeron flux in the
QCD fits. The data are compared with the prediction of the
NLO QCD fit

for the scaling violations of F2(x, Q2) at fixed x, which
are negative for x ≥ 0.1. In a QCD partonic interpreta-
tion, the scaling violations are suggestive of a large gluonic
component of the diffractive exchange.

The β dependence of the reduced cross section at fixed
x

IP
is relatively flat and remains large up to the highest

fractional momenta of β = 1, again suggestive of a large
gluonic component to the exchange. At the lowest Q2, a
rising behaviour of σ

D(3)
r with β is observed in the data

as β → 1, which becomes less pronounced with increasing
Q2. In a leading order QCD picture, the reduced cross
section can be viewed as a charge weighted sum over the
diffractive quark densities. The β and Q2 dependences are
consistent with DGLAP evolution from high to low β with
increasing Q2 due to gluon radiation.
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Fig. 5. The ratio of the diffractive cross section to the inclusive
cross section as a function of Q2 for fixed xIP (xIP = 0.01) for
different values of x(= β · xIP ). The curve shows a result of a
fit of the form a + b ln Q2

4 The ratio of the diffractive to the inclusive
cross section

The ratio of the diffractive to the inclusive cross section
is extracted at fixed values of x

IP
, in order to compare

the dynamics of diffractive DIS with those from inclusive
DIS. The ratio, as a function of Q2 for one example x

IP

bin (x
IP

= 0.01), is shown in Fig. 5. The ratio tests the
difference between the scaling violations of σD

r and the
inclusive cross section σr, when compared at the same x.
At low values of β (or x), the ratio is remarkably flat. At
the highest β, where x approaches x

IP
, the ratio falls with

increasing Q2.
In order to quantify the Q2 dependence of the ratio,

the logarithmic derivative b(x, x
IP

) is extracted from fits
of the form
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Fig. 6. Logarithmic Q2 derivatives of the ratio σD
r /σr for

different β and xIP values, scaled at each xIP by the values
assumed for the t-integrated pomeron flux in the QCD fits

σD
r (x

IP
, x, Q2)

σr(x, Q2)
= a(x, x

IP
) + b(x, x

IP
) lnQ2 (3)

The resulting values of the derivative are shown in
Fig. 6 with the “pomeron flux”divided out, so that the
results at different values of x

IP
can be compared. The

Q2 dependences of the diffractive and inclusive cross sec-
tions are consistent with being the same away from x =
x

IP
(β = 1), suggesting that the two processes have similar

underlying Q2 dynamics.
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