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1. Methods to select Diffractive Events

Inclusive diffractive reactions in Deep Inelastic Scattering (DIS) of electrons(positrons) on
protons at HERA are schematically shown in Figure 1.

Between the virtual photon, emitted from the electron, and the incoming proton a colourless
object is exchanged. The virtual photon dissociates into the diffractive system X. The reaction is
described by four variables: Q2, the negative four-momentum transfer at the lepton vertex; W , the
center of mass energy of the virtual photon and incoming proton; t, the four momentum transfer
at the proton vertex, and MX , the mass of the hadronic system from the dissociation of the virtual
photon. The proton stays either intact or dissociates into a low mass nucleonic system N. For the
majority of events the particles from the system N escape undetected through the beamhole of
the detector. For high masses of N some particles might be detected. The ZEUS collaboration
used three methods to select inclusive diffractive events from the measured data of inclusive DIS
events at HERA. They are briefly described in the following. The data are from the run period
1999-2000, the last running period in which the Leading Proton Spectrometer [2] and the Forward
Plug Calorimeter [4] have been installed. From the analysis of data from the same run period with
three different methods, the ZEUS collaboration tries to arrive at a consistent picture of inclusive
diffraction at HERA. This presentation is a status report and the data presented here are mostly
preliminary.

The LPS-Method: The Leading Proton Spectrometer (LPS) consisted of six stations of silicon-
strip detectors which are located at distances between 20m and 90m from the ZEUS detector in the
direction of the proton beam. They are positioned between the HERA magnets very close to the
proton beam and form a spectrometer which measures protons with very small transverse momenta
originating from reactions in the ZEUS detector. Figure 2 shows a measured spectrum of the
longitudinal momentum fraction, xL, of scattered protons w.r.t. the incoming proton momentum.
Clearly visible is the diffractive peak near xL = 1. Events at lower xL come from proton dissociative
diffractive reactions and from nondiffractive processes. The fraction of proton dissociative events
under the diffractive peak near xL = 1 is less than 1% for xIP < 0.01, where xIP is the momentum
fraction of the colourless exchange in the diffractive reaction. Contributions from the exchange
of other Regge-trajectories [1] can, however, contribute to the peak near xL = 1. The detection
of the diffractively scattered proton is the only method to measure the t-distribution in inclusive
diffractive reactions: t = −p2

T
xL

− (1−xL)2

xL
·M2

p [6].

The LRG-Method: In diffractive reactions there is no colour flow between the scattered proton
or the nucleonic system from proton dissociation and the diffractive system from the dissociation
of the virtual photon. Therefore no particles are emitted in this region. In the detector, this leads to
a large (pseudo)rapidity gap (LRG) between the proton direction and the minimum angle, Θmin , or
the highest (pseudo)rapidity ηmax = − ln tan(Θmin/2), at which particles are observed. Diffractive
events can be identified by the presence of such a large rapidity gaps.

The MX -method [4]: MX is defined as the mass from all measured particles in the detector,
except the scattered electron. The shape of the MX -distribution is different for nondiffractive and
diffractive events. Nondiffractive events lead to a rapidity-plateau distribution for the produced
particles. Particle emission is a statistical process which may lead to a rapidity gap. The probability
to find a rapidity gap ∆y is given by Poisson statistics, P(0) = e−λ∆y where λ is the height of the
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plateau. This leads to the following mass distribution for nondiffractive events:

dNnondi f f

d ln M2
x

= c · eb·ln M2
X .

Diffractive events show a different MX -distribution. For not too low and not too high values of MX

one finds experimentally [3]

dNdi f f

dM2
X

∝
1

M2
x

from which follows
dNdi f f

d lnM2
X
≈ const.

This can also be derived from a Triple Regge Model [5]. For the sum of nondiffractive and diffrac-
tive events one gets :

dN
d lnM2

x
= D+ c · eb·lnM2

x .

Figure 3 shows a measured lnM2
X -distribution. It is compared to the properly normalized distribu-

tion of the sum of MC-simulated nondiffractive and diffractive (hatched) events. Over the range
lnM2

X ≤ lnW 2 −η0, which is indicated by two vertical lines, the above formula with D=const. is
fitted to the measured distribution with η0 taken from data. This gives a very good fit for the non-
diffractive contribution c · eb·ln M2

X . The fitted nondiffractive contribution is subtracted statistically
from the data for each lnM2

X -bin to obtain the number of diffractive events in that bin. In the analy-
sis only bins are used in which the diffractive part is at least 50 %. The diffractive events selected by
the MX -method contain contributions from proton-dissociative events. This contribution was esti-
mated in the following way. Events were selected from a kinematical region which is dominated by
proton-dissociative events and show energy deposited in the detector from the proton-dissociative
system MN . A MC-simulation of proton dissociation has been tuned to describe these events. As a
result, the number of proton-dissociative events with a generated mass MN ≥ 2.3 GeV can be well
described by the MC-simulation. For each kinematical (Q2,W,MX )-bin the corresponding number
of MC-simulated events from proton-dissociation with masses MN ≥ 2.3 GeV has been subtracted
statistically from the diffractive data. The ZEUS inclusive diffractive data selected with the MX -
method therefore contain contributions from proton-dissociative events with MN < 2.3 GeV.

2. Diffractive Structure Functions

The inclusive diffractive cross section in DIS can be expressed in terms of diffractive structure
functions in the same way as the inclusive DIS cross section is expressed by the DIS structure
functions. The inclusive diffractive process in DIS is described by a fourfold differential cross
section:

d4σ di f f
γ∗p→XN

dQ2dtdxIPdβ
=

2παem

βQ2 [1+(1− y)2] · {FD(4)
2 (Q2, t,xIP,β )− y2

1+(1− y)2 ·F
D(4)
L (Q2, t,xIP,β )} ,

with xIP =
Q2 +M2

x

Q2 +W 2
and β =

x
xIP

=
Q2

Q2 +M2
x

.
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The contribution from the longitudinal structure function FD(4)
L is small in the kinematic region of

the presented analysis and is neglected. If the measurement integrates over t, as in the case of the
LRG- and MX -method, the cross section becomes threefold differential:

d3σ di f f
γ∗p→XN

dQ2dβdxIP
=

2παem

βQ2 [1+(1− y)2] ·FD(3)
2 (β ,xIP,Q2) .

The differential cross-section as a function of MX is given by:

1
2MX

dσdi f f
γ∗p→XN(MX ,W,Q2)

dMX
=

4π2αem

Q2(Q2 +M2
X)

xIPFD(3)
2 (β ,xIP,Q2) .

If FD(3)
2 (β ,xIP,Q2) is interpreted in terms of quark densities it specifies the probability to find in

a proton, which undergoes a diffractive interaction, a quark carrying the fraction x = βxIP of the
proton momentum.

3. Results from the MX -Method

In an earlier publication, ZEUS presented results [5] on inclusive diffraction obtained with the
MX -method which covered the range 2.7 GeV2 ≤ Q2 ≤ 55 GeV2. In this contribution new prelim-
inary results are presented for higher values for Q2, namely 25 GeV2 ≤ Q2 ≤ 320 GeV2. The two
sets of results are called FPC I and FPC II in what follows. Figures 4 and 5 show dσdi f f (MX ,W,Q2)

dMX
as

a function of W for both datasets. In the kinematical bins Q2 = 25 GeV2 and Q2 = 55 GeV2, where
results from both datasets exist, the cross section s agree within the errors. The structure func-
tion xIPFD(3)

2 as function of xIP obtained with the MX -method is displayed in Figure 6 for the two

datasets FPCI and FPC II. In all kinematic bins, a pronounced rise of xIPFD(3)
2 with decreasing xIP is

visible. Also shown is the result of a simultaneous fit to all the data using the BEKW-model [8] in
a slightly modified version [5]. The BEKW-model is a dipole model which parametrizes xIPFD(3)

2

in terms contributions from: transverse photon → qq, longitudinal photon → qq, and transverse
photon → qqg.

xIPFD(3)
2 (β ,xIP,Q2) = cT ·FT

qq + cL ·FL
qq + cg ·FT

qqg,

The modified BEKW parametrization has five free parameters which have to be determined
by a fit to the data: the normalizations of the three contributions, cT ,cL,cg, a coefficient, nT,g,
which determines the xIP-dependence of the transverse photon and of the qqg-contribution, and
a coefficient, γ , which determines the β -dependence of the qqg-contribution. A fit of these five
parameters to the combined FPC I + II data yield χ2/nD = 0.82 taking into account the full errors.
The full line in Figure 6 shows the result of the fit. Also shown are the individual contributions.
For 0.2 < β < 0.9 the (qq)T contribution dominates. The gluon emission term qqg gives the largest
contribution for β < 0.15. The longitudinal term (qq)L dominates for β > 0.9. This behaviour can
be seen even more clearly in Figure 7 where xIPFD(3)

2 is plotted as a function of β together with the

BEKW-fit results. In Figure 8, xIPFD(3)
2 is presented as a function of Q2 for several xIP and β bins

together with the BEKW-fit result. Sizable scaling violations are visible. Depending on xIP and
β bins they range from positive scaling violations over approximate constancy to negative scaling
violations.

4



P
o
S
(
D
I
F
F
2
0
0
6
)
0
0
4

Inclusive Diffraction Results from ZEUS Bernd Loehr

4. Results from the LPS-Method

The analysis of the diffractive events selected with the Leading Proton Spectrometer (LPS)
results in a fourfold differential cross section and the structure function xIPFD(4)

2 [7]. Figure 9

shows the measured structure function xIPFD(4)
2 as a function of xIP for Q2 values from 2.5 GeV2

to 40 GeV2 at t values of |t| = 0.13 GeV2 and |t| = 0.3 GeV2. For xIP < 0.01, the structure function
rises with decreasing xIP. For higher xIP it starts to rise with increasing xIP. This latter rise is
attributed to contributions from Regge-exchanges. Therefore a sum of two contributions is fitted to
the data according to

FD(4)
2 = fIP(xIP, t) ·FIP

2 (β ,Q2)+nIR · fIR(xIP, t) ·FIR
2 (β ,Q2) .

The first term of the sum is the contribution from diffractive reactions, or Pomeron exchange [1],
and the second one from Regge-exchanges. It is assumed that each contribution factorizes into a
Pomeron- or Reggeon-structure function and corresponding flux factors. The flux factors are calcu-
lated according to Regge-Theory from the Pomeron- and the pion-trajectory. The above expression
is then fitted to the data yielding the solid curves in Figure 9. Recently the H1-Collaboration
published measurements of the inclusive diffractive cross section with their Forward Proton Spec-
trometer (FPS) in the same kinematical region [9]. They calculate a reduced cross-section, defined
as

σD
r = FD

2 − y2

1+(1− y)2 FD
L .

In Figure 10, the H1- and ZEUS-results are compared in the range 2.7 GeV2 ≤ Q2 ≤ 24 GeV2.
Taking into account the normalization uncertainties of +12

−10% for the H1 data and ±10% for the
ZEUS data there is good agreement between the two experiments.

5. Results from the LRG-Method

Inclusive diffractive data were selected by requiring the maximum pseudorapidity in an event
to be ηmax < 3.0 outside the Forward Plug Calorimeter (FPC). In addition events were rejected
with detected energies of more than 1 GeV in the FPC. The resulting diffractive structure function
xIPFD(3)

2 is shown in Figure 11. The result of a Regge fit, performed in the same way as described
in the previous section, is shown as the continuous lines. It gives a good description of the data. No
rise of xIPFD(3)

2 coming from Regge-exchanges can be seen because the LRG data end essentially
at xIP = 0.01. In Figure 12, the ratio of the LPS data to the LRG data is shown up to Q2 = 40 GeV2.
The ratio is constant and the same in all (Q2,β )-bins with the value LPS/LRG=0.82±0.01(stat.)±
0.03(syst.)±0.08(norm.). Since up to xIP = 0.01 the LPS data contain no contribution from proton
dissociation, this is an indication that the contribution from proton dissociation in the LRG data
might be about 18%. One has to take into account, however, the large normalization uncertainty of
about 10% of the LPS data. In Figures 12 and 13 the xIPFD(3)

2 values obtained with the MX -method
and the LRG-method are compared. Figure 12 shows the comparison with the published MX -
results from 1998-1999 [5] whereas in Figure 13 the new preliminary high Q2 data from the MX -
method are compared with the LRG data. The comparisons show reasonable agreement concerning
the shape of the distributions below xIP = 0.01. Above xIP = 0.01 one can expect contributions

5
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from Regge exchanges in the LRG data. Indications of such contributions might be seen in some
kinematical bins. Overall there seems to be a small difference in normalization between the LRG-
and MX -data. Finally, in Figure 14 the Q2-dependence of xIPFD(3)

2 is compared between the LRG
data and the MX data from the low Q2 and high Q2 datasets. There is good agreement between
the different datasets in the shape of the distributions. Again, a small difference in the overall
normalization seems to be visible.

6. Summary

In this contribution preliminary results on inclusive diffraction from the ZEUS experiment
have been presented. Results have been obtained with three different methods for the determination
of the inclusive diffractive structure function xIPFD(3)

2 from data taken during the same running
period of HERA. Comparisons between the three results of ZEUS and also between the ZEUS
LPS and the H1 FPS results show reasonable agreement within the quoted errors. Some minor
differences between the ZEUS LRG and MX results still exist. The ZEUS collaboration is still
working to resolve these differences and to arrive at a consistent picture of inclusive diffraction at
HERA.
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Figure 1: Schematic diagram of inclusive diffractive DIS events without and with proton dissociation.
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the statistical and systematic systematic uncertainties
added in quadrature. The curves show the result of
the BEKW(mod) fit for the contributions from (qq)
for transverse (dashed) and longitudinal photons (dot-
ted) and for the (qqg) contribution (dashed-dotted) to-
gether with the sum of all contributions (solid).
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Figure 9: The structure function XIPFD(4)
2 in two

t bins as a function of xIP for different values of Q2

and β . The inner error bars indicate the statistical un-
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uncertainties summed in quadrature. The normaliza-
tion uncertainty of ±10% is not shown. The contin-
uous lines are the result of the Regge fit described in
the text.
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