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The ZEUS detector has been used to study dissociation of virtual photons, v*p — Xp,

in e*p collisions at HERA in events with a large rapidity gap (LRG) between X and

the outgoing proton, as well as in events with a measured leading proton. The data

cover photon virtualities Q2 > 2 GeV?2, with Mx > 2 GeV, where Mx is the mass of the

hadronic final state X. The results are presented in terms of the diffractive structure
. D(3) D(4)

functions, F,,"*” and Fy .

1 Introduction

The diagram of the diffractive Deep Inelastic ep Scattering (DIS)
is shown in the Fig. 1. This process is characterised by the fact
that p loses a small fraction of its energy and emerges from the
scattering intact or dissociated into a low-mass state with a trans-
verse momentum squared typically much smaller than 1 GeV?.
The diffractive DIS events can be described, in addition to stan-
dard DIS variables, by the four-momentum transfer at p vertex
squared t and invariant mass of v*IP system Mx which is the
mass of the system resulting from virtual photon dissociation.
If also proton dissociates into higher mass state it will be de-
noted by N. Moreover, the diffractive structure functions are Figure 1: Diagram of the
often expressed in terms of zp and 3 variables. In a model with diffractive Deep Inelastic
Pomeron exchange in the ¢ channel xp is the fraction of the pro- ep Scattering.
ton momentum carried by the Pomeron, while 3 corresponds to
the momentum fraction of the struck quark within the Pomeron.

The ZEUS collaboration used two different experimental approaches to select the inclu-
sive diffractive events:

e measurement of the final state proton by means of a Leading Proton Spectrometer
(LPS method) [2],

e a large rapidity gap in the forward direction requirement (LRG method).

The preliminary results obtained with the LPS and LRG methods will be presented in the
following.

The data used for this measurement were taken with the ZEUS detector at HERA ep
collider in the year 2000, where HERA collided positrons of 27.6 GeV with protons of 920
GeV. The data used for the LRG and LPS analyses correspond to integrated luminosities
of 45.4pb~" and 32.6 pb™ ', respectively. The results presented here cover photon virtual-
ities Q2 > 2GeV?, photon-proton centre-of-mass energies 40 < W < 240 GeV and proton
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fractional momentum losses 0.0002 < zp < 0.02 (LRG sample) or 0.0002 < zp < 0.1 (LPS
sample).
1.1 LPS method

In most of the diffractive events outgoing
proton stays intact and provides a clean ex-

perimental signature. Since p; of the out- ez S - ¢
going proton is expected to be small (less Z oo : GV
than 1GeV typically), it escapes through 5’ Pl aeret ﬁi :’ﬁ *

the forward beam hole. A fraction of these A ‘[ e mn e

events can be detected by the Leading Pro- N S~ i |~ ¥

ton Spectrometer (LPS). In the spectrum T S e S

of protgns measured in the LPS shown as wi N S | N N |

a function of z, = |ps|/|ps|, where p; and e e e |~

F=0.609 p=0.222 p=0.059 p=0.015

py are the initial and final proton momenta . i
respectively [4], a characteristic peak is ob- N \’*J‘y/ \’“M ik
TS | T—ewneor | Toolew | T os®

served at xy, >~ 1 which corresponds to pho- pste B oISt M

ton diffractive dissociation events. A clean "Ny \%\M‘L \;k”} 40

sample of diffractive events is obtained by oI | T [ T | el
10 107 107 080 107 107 010 107 107 w0t 10 107 10!

requiring 7 > 0.97. Measurement of the Xpp
scattered proton four-momentum allows to

study the ¢ distribution in inclusive diffrac- Figure 2: The diffractive structure function
tive dissociation. multiplied by zp, x PFQD (4), in two t bins as a
function of xp for different values of Q2 and
3. The normalisation uncertainty of 10% is
not shown. The continuous lines are the result
of the Regge fit described in the text.

1.2 LRG method

Experimental determination of the rapidity
gap rely on calculation of the pseudorapid-
ity of the most forward going particle 7,42,
which deposits some minimum amount of
energy (above noise level) in the detector.
The Nmae distribution in the DIS sample is characterised by a plateau like structure, due
to diffractive events mainly, which extends to a low 7,4, values (large An). By setting
an upper limit on the maximum pseudorapidity (e.g. Nmar < 3), a diffractive sample with
relatively low non-diffractive background can be selected.

2 Results

The data are presented in terms of the diffractive structure functions, FQD ®) and F2D @ The

results can be also presented in terms of the reduced cross section [3], oF (3)(

(3)

zp, which is
equal to the conventional F2D up to corrections due to the longitudinal structure function.
The contributions from longitudinal structure function FY and Z; exchanges have been

neglected in presented results.
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2.1 Results from the LPS method

Figure 2% shows the measured structure function ac]pF2D(4). For xp < 0.01 the structure
function rises with decreasing x p. For higher values of x jp it starts to rise with increasing xp.
This latter effect is attributed to the contributions from Regge trajectory exchanges regge-
exch.

A sum of two contributions was fitted to the data according to

FW = fp(p,t) - FE(B,Q%) + g - fr(zp,t) - FE(B,Q%).

The first term of this sum is the contribution from Pomeron exchange and the second one,
from the exchanges of the Reggeon trajectories. The Reggeon structure function Ff*(3, Q?)
was taken to be equal to the pion structure function as parametrised by GRV [5]. The fit
was limited to y < 0.5 to reduce the influence of F£. Result of the fit is shown in the Fig. 2.

2.2 Results from the LRG method

Inclusive diffractive data were selected with LRG method by requiring the maximum pseu-
dorapidity to be 7mqes < 3 outside the Forward Plug Calorimeter (FPC) [7]. In addition
events with energies in the FPC larger than 1 GeV were rejected.

The resulting diffractive structure function z PF2D ) is shown in Figures 3-5. The result
of a Regge fit, performed in the same way as described previously, is shown as the continuous
lines. It gives a good description of the data. No rise of x,pFQD(S) coming from Regge-
exchanges can be seen because the LRG data end essentially at zp = 0.01.

The ratio of the F2D(3) values obtained with the LPS method to the LRG data is shown
in Fig. 6 up to Q2 = 40 GeV?. The ratio is independent of zp and equal in each § and
@Q? bin with the average value 0.82 £ 0.01(stat) + 0.03(syst). Since up to zp = 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%. However, one
has to take into account the large normalisation uncertainty of about 10% of the LPS data.
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2From now on in each plot the inner error bars will indicate the statistical uncertainties, the outer bars
the statistical and systematic uncertainties summed in quadrature.
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Figure 3: The diffractive structure function multiplied by zp, x PFQD (3), obtained with the

LRG method as a function of zp for different values of @2 and 3 at low Q2 values. The
normalisation uncertainty of +2.25% is not shown. The continuous lines are the result of
the Regge fit described in the text.
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Figure 4: The diffractive structure function multiplied by zp, x PFZD (3), obtained with the
LRG method as a function of 2 p for different values of Q? and 3 at intermediate Q2 values.
The normalisation uncertainty of +2.25% is not shown. The continuous lines are the result
of the Regge fit described in the text.
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Figure 5: The diffractive structure function multiplied by zp, x PF2D (3), obtained with the
LRG method as a function of xp for different values of Q2 and 3 at high Q2 values. The
normalisation uncertainty of +2.25% is not shown. The continuous lines are the result of
the Regge fit described in the text.
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Figure 6: The ratio of the structure functions F2D ® as obtained with the LPS and LRG
methods as a function of  p for different values of Q% and 3. The normalisation uncertainty

of T12% is not shown. The lines indicate the average value of the ratio.
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