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1. Introduction

Diffractive processes such as ep — eXp have been studied extensively in deep-inelastic electron-
proton scattering (DIS) at the HERA collider [1-4]. Their understanding at fundamental level is
crucial for the development of quantum chromodynamics (QCD) at high parton densities. In a
number of previous analyses, including [2], diffractive DIS events were selected on the basis of
the presence of a large rapidity gap (LRG) between the leading proton and the remainder of the
hadronic final state X. A complementary way to study diffractive processes is by direct measure-
ment of the outgoing proton using Forward Proton Spectrometers (FPS) [1,3]. In contrast to the
LRG case, the squared four-momentum transfer at the proton vertex t can be reconstructed. The
FPS also allows measurements up to higher values of the proton fractional longitudinal momen-
tum loss Xp than is possible with the LRG method, extending into regions where the sub-leading
trajectory is the dominant exchange. The FPS measurements provide a means of testing in detail
whether the variables Xp and t associated with the proton vertex can be factorised from the the
variables 3 = X/Xp and Q” describing the hard interaction with the photon. Here S is the longitu-
dinal momentum fraction of the colour singlet carried by the struck quark, X is the Bjorken scaling
variable.

2. Thereduced cross section arD(4) and test of proton vertex factorisation
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) . . . Figure 1: The diffractive reduced cross section, shown as a func-
imation in the relatively low Yy re-

tion of xp for different values of t, 8 and Qz. The solid curves
represent the results of the phenomenological ‘Regge’ fit to the
data, including both pomeron (IP) and sub-leading (IR) trajectory
responds to an integrated luminos- exchange.

ity of 156 pb~!. The data cover the

range 0.1 < [t| < 0.7 GeV?, xp < 0.1,4 < Q%> < 110 GeV? and 0.001 < 8 < 1. The statistics of DIS

gion covered by the current analy-
sis. The analysed data sample cor-
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events with a leading proton are increased by a factor 20 compared to the previous H1 FPS anal-
ysis [1]. The kinematic range of the FPS measurement is extended to higher Q2. Figure 1 shows
Xp OrD(4> as a function of Xp for different t, 8 and Q2 values. To describe the Xp and t dependences

quantitatively, the structure function FZD(4) is parameterised by the form

FZD(4) = fp(xp,t) - Fp(B,Q%) +nr- fr(Xp,t) - FR(B,Q%) ; fpr(Xp,t) =ApR- ﬁ% ,
P

which assumes a separate proton vertex factorisation of the Xp and t dependences from those on
B and Q’ for both the pomeron and a sub-leading exchange with no interference between the
two contributions. The factors fpp and fr correspond to flux factors for the exchanges and are taken
from the Regge-motivated functions. The free parameters of the fit are the intercept and slope of the
pomeron trajectory, dp(t) = ap(0) + apt, the exponential t-slope parameter Bjp, the normalisation
coefficients Fp(3,Q?) for the pomeron contribution at each of the (8,Q?) values considered, and
the single parameter N describing the normalisation of the sub-leading exchange contribution. As
in [1,2], the normalisation coefficients Fr(8,Q?) for the sub-leading exchange in each 3 and Q>
bin are taken from a parameterisation of the pion structure function [8].

The fit provides a good description of the Xp and t dependences of the data. The result for
ap(0) ~ 1.10 (figure 2) is compatible with that obtained from H1 data previously measured using
the LRG and FPS methods [1,2] and with ZEUS measurements [3,4]. It is also consistent within
uncertainties with the pomeron intercept describing soft hadronic scattering, ap(0) ~ 1.08 [6].
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Figure 2: Results from the ‘Regge’ fit in which additional free parameters are included, corresponding to
the values of ap(0), o{{p and Bp in three different ranges of QQ. The bands show the result and experimental
uncertainty from the standard fit over the whole Q? range.

In a Regge approach with a single linear exchanged pomeron trajectory, ap(t) = ap(0) + apt, the
exponential t-slope parameter B of the diffractive cross section is expected to decrease logarithmi-
cally with increasing Xpp, an effect which is often referred to as ‘shrinkage’ of the diffractive peak.
The degree of shrinkage depends on the slope of the pomeron trajectory, which is o'p ~ 0.25 GeV~?
for soft hadron-hadron scattering at high energies. The FPS data favour a small value of ap (fig-
ure 2), as expected in perturbative models of the pomeron [7]. This result is inconsistent with the
expected value of o from soft hadron-hadron scattering. The results for op and Bp are compat-
ible with those obtained previously from the H1 and ZEUS data measured using the FPS detec-
tors [1,3]. To check a possible breakdown of proton vertex factorisation implied by a dependence
of the ap(0), ap and Bp on Qz, a modified version of the ‘Regge’ fit of the data is performed in
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three different ranges of Q. The results of the fits, shown in figure 2, indicate no strong dependence
on Q°.

The t-dependence of the cross section H1 Preliminary

is parameterised by an exponential function
such that do/dt O €®. Figure 3 shows the
slope parameter B as a function of Xp for
data averaged over Q and B. The results
for B are compared with a parameterisation
of the t-dependence from the ‘Regge’ fit to
FZD(4). A good description of the data over
the full Xp, Q* and 3 range in figure 3 con-
firms the quality of the fit. At low Xp, the
data are compatible with a constant slope pa-
rameter, B ~ 6 GeV~2. No significant Q?
or B dependence of the slope parameter B
is observed for data points with xp < 0.025.
The sub-leading exchange contribution inte- Figure 3: The slope parameter B obtained from the
grated over this kinematic range is 7%. A fit of the form do/dt [ €® shown as a function of
xp. The data are averaged over Q% and 3. The solid
curve represents the results of the phenomenological
‘Regge’ fit to the data, including both pomeron (IP)
and sub-leading (IR) trajectory exchange. The previ-
ously published H1 FPS results [1] are also shown.
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weak decrease of the slope B from 6 GeV 2
to below 5 GeV 2 is observed towards larger
values of Xp > 0.05, where the contribution
from the sub-leading exchange is significant
This reduction of the slope parameter indi-
cates that the size of the interaction region reduces for IR exchange compared to IP.

3. Comparison between Diffractive and Inclusive DIS

By analogy with hadronic scattering, the diffractive and the total cross sections can be related
via the generalisation of the optical theorem to virtual photon scattering [9]. Many models of
low x DIS assume links between these quantities [10, 11]. Comparing the Q? and X dynamics
of the diffractive with the inclusive cross section is therefore a powerful means of developing
our understanding of high energy QCD, comparing the properties of diffractive PDFs with their
inclusive counterparts and testing models. Following [2], the evolution of the diffractive reduced
cross section with Q? is compared with that of the inclusive DIS reduced cross section g, by
forming the ratio o > (xp, B, Q%) /0 (X = Bxp, Q?) multiplied by (1 — B)xp at fixed Q2,3 and
Xp, using a parameterisation of the oy data from [5]. The diffractive reduced cross section is
integrated over |t| < 1GeV?2. The ratio of the diffractive to the inclusive cross section is indeed
approximately constant with B at fixed Q? except at large values of Xp where the sub-leading
exchange contribution to the diffractive cross section is not negligible. In models in which both
the diffractive and the inclusive cross sections are governed by a universal pomeron [10, 11], the
remaining 3 and Xp dependences of the ratio arises due to the deviations from unity of the pomeron
trajectory and the contribution of the sub-leading trajectory.
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In order to compare the Q* dependences of the diffractive and the inclusive cross sections

quantitatively, the derivative of their ratio with InQ? is extracted through fits of the form

(1= B)xpa’® (xp, B,Q%)/0r (x = Bxp, Q%) = & (B, Xp) + br (B, Xp) - InQ?

The resulting values of b, are shown in fig-
ure 4. The ratio of the diffractive to the in-
clusive cross section depends only weakly on
Q? for most B and Xp values (the logarith-
mic derivative of the ratio, by, is consistent
with zero within 1.50 of the experimental
uncertainties). Whereas the diffractive and
inclusive reduced cross sections are closely
related to their respective quark densities, the
InQ? derivatives are approximately propor-
tional to the relevant gluon densities in re-
gions where the Q? evolution is dominated
by the g — qg splitting. The compatibility of
by with zero thus implies that the ratio of the
quark to the gluon density is similar in the
diffractive and inclusive cases when consid-
ered at the same low X values. Proton PDF
predictions reproduce the behaviour of the
InQ? derivative of the ratio with f3.
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