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Abstract

Events with a large rapidity gap in deep inelastic scattering with Q� � �� GeV� have been

studied in the ZEUS detector� The properties of these events with W � ��� GeV are

consistent with a leading twist di�ractive production mechanism� In the laboratory frame�

with Ejet
T � � GeV� ��� of the events are of the ��jet type with negligible 	�jet production�

The single jet is back�to�back in azimuth with the scattered electron� No energy 
ow is

observed between the jet and the proton direction� With a lower jet transverse energy cut

	�jet production is observed both in the laboratory and the ��p centre�of�mass systems�

demonstrating the presence of hard scattering in the virtual photon proton interactions

that give rise to large rapidity gap events�



� Introduction

In a recent publication ���� we reported on the observation of events with a large rapidity gap
in electron proton deep inelastic scattering �DIS�� Their general properties were found to be
inconsistent with the dominant mechanism of DIS� where colour is transferred between the
scattered quark and the proton remnant� and suggested that the underlying mechanism was of
a di�ractive nature and also leading twist� Preliminary results of a similar nature have been
shown by the H� Collaboration ����

Di�ractive processes are generally understood to proceed through the exchange of a colour	
less object with the quantum numbers of the vacuum called the pomeron� Because of the
absence of colour 
ow di�ractive processes should exhibit a high proportion of rapidity gap
events at su�ciently high energies� However� the true nature of the pomeron is far from clear�
Ingelman and Schlein ���� following earlier work of Low and Nussinov �
� and Donnachie and
Landsho� ���� proposed that the pomeron behaves like a hadron and suggested that it may have
a partonic structure which could be probed by a hard scattering process� The UA� experiment
later observed events with two high pT jets in di�ractive �pp interactions ���� These results could
be explained in terms of a partonic structure with a hard parton distribution in the pomeron�

In this paper we report the observation of jets in large rapidity gap events in DIS� The data
presented here were collected in the ���� HERA running period and constitute an increase in
statistics by a factor �� over our initial study ����

� Experimental setup

��� HERA machine conditions

The experiment was performed at the electron	proton collider HERA using the ZEUS detector�
During ���� HERA operated with bunches of electrons of energy Ee � ���� GeV colliding with
bunches of protons of energy Ep � ��� GeV� with a time between bunch crossings of �� ns�
HERA is designed to run with ��� bunches in each of the electron and proton rings� For the
���� data taking �
 paired bunches were �lled for each beam and in addition �� electron and
� proton bunches were left unpaired for background studies� The electron and proton beam
currents were typically �� mA�

��� The ZEUS detector

ZEUS is a multipurpose magnetic detector whose con�guration for the ���� running period has
been described elsewhere ��� ��� Here we give a brief description concentrating on those parts
of the detector relevant for the present analysis and those which were di�erent for the ����
running�

Charged particles are tracked by the inner tracking detectors which operate in a magnetic
�eld of ��
� T provided by a thin superconducting coil� Immediately surrounding the beampipe
is the vertex detector �VXD� which consists of ��� radial cells� each with �� sense wires� It
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uses a slow drift velocity gas �dimethylether���� and the presently achieved resolution is �� �m
in the central region of a cell and ��� �m near the edges� Surrounding the VXD is the central
tracking detector �CTD� which consists of �� cylindrical drift chamber layers� organised into
� �superlayers� ����� With the present understanding of the chamber� a spatial resolution of
� ��� �m has been achieved� In events with charged particle tracks� using the combined data
from both chambers� resolutions of ��� cm in Z and ��� cm in radius in the XY plane� are
obtained for the primary vertex reconstruction� From gaussian �ts to the Z vertex distribution�
the rms spread is found to be ���� cm in agreement with the expectation from the proton bunch
length�

The solenoid is surrounded by a high resolution uranium	scintillator calorimeter divided
into three parts� forward �FCAL� covering the pseudorapidity� region 
�� � � � ���� barrel
�BCAL� covering the central region ��� � � � ����� and rear �RCAL� covering the backward
region ����� � � � ����� Holes of ��� �� cm� in the center of FCAL and RCAL are required
to accommodate the HERA beam pipe� The resulting solid angle coverage is ����� of 
�� The
calorimeter parts are subdivided into towers which in turn are subdivided longitudinally into
electromagnetic �EMC� and hadronic �HAC� sections� The sections are subdivided into cells�
each of which is viewed by two photomultiplier tubes� The calorimeter is described in detail in
refs ���� ��� ����

The C� beam monitor� a small lead	scintillator counter� located at Z�	��� m was used to
detect upstream proton beam interactions and to measure the timing and longitudinal structure
of the proton and electron bunches� The vetowall detector� consisting of two layers of scintillator
on either side of an �� cm thick iron wall centered at Z�	��� m was also used to tag o�	beam
background particles�

For measuring the luminosity as well as for tagging very small Q� processes� we use two
lead	scintillator calorimeters ��
�� Bremsstrahlung photons emerging from the electron	proton
interaction point �IP� at angles �� � ��� mrad with respect to the electron beam axis hit the
photon calorimeter at ��� m from the IP� Electrons emitted from the IP at scattering angles
less than or equal to � mrad and with energies ���Ee � E�

e � ���Ee are de
ected by beam
magnets and hit the electron calorimeter placed �� m from the IP�

��� Trigger conditions

Data were collected with a three level trigger ���� The First Level Trigger �FLT� is built as
a deadtime free pipeline� The FLT for DIS events required a logical OR of three conditions
on sums of energy in the EMC calorimeter cells� either the BCAL EMC energy exceeded ��

GeV� or the RCAL EMC energy� excluding the towers immediately adjacent to the beam	pipe�
exceeded ��� GeV� or the RCAL EMC energy� including the beam	pipe towers� exceeded ����
GeV� For events with the scattered electron detected in the calorimeter� the FLT was essentially
independent of the DIS hadronic �nal state� The FLT acceptance was greater than ��� for
Q� � �� GeV��

�The ZEUS coordinate system is de�ned as right handed with the Z axis pointing in the proton beam
direction� hereafter referred to as forward� and the X axis horizontal� pointing towards the centre of HERA�

�Pseudorapidity � is de�ned as � ln�tan �
�
�� where the polar angle � is taken with respect to the proton beam

direction from the nominal interaction point�
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The Second Level Trigger �SLT� used information from a subset of detector components
to di�erentiate physics events from backgrounds� The SLT rejected proton beam	gas events
according to the event times measured in the rear calorimeter thereby reducing the FLT DIS
triggers by an order of magnitude� but without loss of DIS events�

The Third Level Trigger �TLT� had available the full event information on which to apply
physics	based �lters� The TLT applied stricter cuts on the event times and also rejected beam	
halo muons and cosmic muons� Events remaining after the above veto cuts were selected for
output by the TLT if � � �iEi���cos �i� � ��GeV��E�� where Ei� �i are the energy and polar
angle �with respect to the nominal IP� of calorimeter cells and E� is the energy measured in the
photon calorimeter of the luminosity monitor� For fully contained events � � �Ee � ���
 GeV�
Events from photoproduction processes peak at low values of �� because most of the scattered
electrons remain within the rear beam pipe�

� Kinematics of deep inelastic scattering

The kinematic variables used to describe deep inelastic scattering events

e �k� � p �P �� e �k�� � anything ���

are the following� the negative of the squared four momentum transfer carried by the virtual
photon��

Q� � �q� � ��k � k���� ���

the Bjorken variable�

x �
Q�

�P � q
� ���

the variable which describes the energy transfer to the hadronic �nal state�

y �
q � P

k � P
� �
�

and W the center	of	mass energy of the 	�p system� where�

W � � �q � P �� �
Q��� � x�

x
�M�

p ���

with Mp the proton mass�

These variables� only two of which are independent� can be determined either from the
scattered electron or from the hadronic system� The variable y� calculated from the electron
variables� is given by the expression

ye � � �
E�

e

Ee

� � cos ��e
�

���

�In the Q� range covered by this data sample� ep interactions are described to su�cient accuracy for this
analysis by the exchange of a virtual photon�
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where E�

e� �
�

e denote the energy and angle of the scattered electron� This relation is valid for
colliding beams in the zero mass approximation� Alternatively� y can be determined from the
hadronic system� using the Jacquet	Blondel technique �����

yJB �

P
i�Ei � pzi�

� � Ee

���

where pzi � Ei � cos �i and �i is the polar angle determined using the Z	coordinate of the
reconstructed IP in an event� The sum runs over the calorimeter cells associated with the
hadronic system�

Studies of the HERA kinematics have shown that it is advantageous� for the present analysis�
to use the so	called double angle �DA� method� in which the angles of the scattered electron
and the hadron systems are used to determine x and Q�� Quantities determined in this way
will be identi�ed with the subscript DA� Formulae to calculate Q�

DA� WDA� xDA and yDA are
given in �����

The invariant mass of the hadronic system X detected in the calorimeter� MX � can be
determined from the calorimeter cell information as follows ���� Denote the energy� momentum
and polar angle of the �nal hadronic system to be EH � pH and �H respectively� and 
pi as the
vector constructed from the energy Ei� angle �i and the corresponding azimuthal angle �i of
cell i� then�

cos �H �

P
i pzi

j
P

i 
pij
���

p�H �
Q�

DA��� yDA�

sin� �H
���

EH � pH cos �H � �EeyDA ����

from which MX is determined by the de�nition MX �
q
E�

H � p�H �

� DIS data selection criteria

The o�	line selection of DIS events was similar to that described in our earlier publications
��� ���� Scattered electron candidates were selected by using the pattern of energy deposition in
the calorimeter� The electron energy was required to be more than � GeV� The electron �nder
algorithm used in this analysis was optimised to have high e�ciency at low energies at a cost of
somewhat lower purity compared to the one used in our earlier study� The e�ciency for �nding
isolated electrons in this energy range was greater than ���� Furthermore we demanded�

� Q�

DA � �� GeV��

� yJB � ���
� to give su�cient accuracy for DA reconstruction�

� � � �� GeV� to control radiative corrections and photoproduction background�

� ye � ����� to reduce photoproduction background�

� scattered electrons whose impact points �X�Y � in the RCAL are inside a square of �����
cm� centered on the beam axis were rejected�






� a vertex� as reconstructed from VXD�CTD tracks� was required with jZj � �� cm and a
radial distance from the beam line R � �� cm�

A total of ����� events was selected in this way corresponding to a total integrated luminosity
of ���� pb��� This sample was estimated to have a contamination from beam gas background
of less than ����� as determined from the number of events produced by unpaired electron and
proton bunches� The background in the total DIS sample due to photoproduction was estimated
to be about ��� from a �t to the shape of the � distribution before the above cut on � was
applied ����� An additional source of background is elastic QED Compton scattering� Seventy	
eight such events were removed by a suitable algorithm� which �nds two electromagnetic clusters
in the calorimeter and one track in the CTD�

� The Monte Carlo simulation

The expected �nal states from DIS were modelled using two di�erent sets of generators� the �rst
one for the description of standard DIS processes and the second to model pomeron exchange
reactions� We shall use the term pomeron exchange as a generic name to describe the process
which is responsible for creating large rapidity gap events�

Events from standard DIS processes with �rst order electroweak corrections were generated
with HERACLES ����� This was interfaced using DJANGO ���� to ARIADNE 
�� ���� for
modelling the QCD cascade� The fragmentation into hadrons was performed with the Lund
string hadronization model ���� as implemented in JETSET ����� The proton parton densities
were chosen to be the MRSD	� set ���� which represents closely our structure function results
����� Note that these Monte Carlo codes do not contain explicit contributions from di�ractive
	�p interactions�

In order to model the DIS hadronic �nal states with a large rapidity gap we have studied
three Monte Carlo event samples� two of which were generated by POMPYT ��
�� POMPYT
is a Monte Carlo realisation of factorisable models for high energy di�ractive processes� where
within the PYTHIA ���� framework� the beam proton emits a pomeron� whose constituents
take part in a hard scattering process with the virtual photon or its constituents� The quark
momentum density in the pomeron for this analysis was taken to be either hard�

�f��� � constant � ���� �� ����

or soft�
�f��� � constant � ��� ���� ����

where � denotes the fraction of the pomeron momentum carried by the quark� Note that the
hard quark density in POMPYT is the same as that proposed by Donnachie and Landsho�
����� up to a normalisation constant� The third sample was generated following the Nikolaev	
Zakharov �NZ� model ���� which was interfaced to the Lund fragmentation scheme ����� The
NZ model� which is not factorisable� assumes that the exchanged virtual photon 
uctuates into
a q�q pair which interacts with a colourless two	gluon system emitted by the incident proton�
The resulting e�ective � distribution lies between the two parameterisations chosen above for
POMPYT�
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NZ events were produced within the following ranges of generator parameters� ������ � x �

����� ��� � t � ������� GeV� where t is the momentum transfer squared between the virtual
photon and the proton and ��� � �M��� � ������ GeV� where M� is the invariant mass of the
hadronic system produced by the di�ractive excitation of the virtual photon� POMPYT events
were produced within the following ranges of generator parameters� ��� � xF � ������ where
xF is the ratio of the longitudinal momentum of the scattered proton to that of the beam proton�
���� � t � �� GeV� �most of the events have �t � �� GeV�� and the invariant mass of the M�

plus scattered electron system was required to be greater than � GeV� For both POMPYT and
NZ events Q� � 
 GeV� was required at the generator level� With these parameter settings
the cross section predictions of these models di�er by an order of magnitude� In this paper we
consider only the predicted shapes of distributions� Monte Carlo event statistics are comparable
to those of the data� QED radiative processes were not simulated for di�ractive events� but
with the selection cuts of section 
� radiative corrections to the rates of DIS events are below
��� ����� All Monte Carlo events were passed through the standard ZEUS detector and trigger
simulations and the event reconstruction package ����

� Results

��� Events with a large rapidity gap

Following our previous study ��� we de�ne �max as the maximum pseudorapidity of all calorime	
ter clusters in an event� where a cluster is de�ned as an isolated set of adjacent cells with summed
energy above 
�� MeV� The distribution of �max is shown in Fig� �a� uncorrected for detector
e�ects� Values of �max � 
��� which are outside the calorimeter acceptance� occur when energy
is deposited in many contiguous cells around the beam pipe in the proton direction� The dip
in the �max distribution at �max � ��� is a detector e�ect� The bulk of the events is centered
around �max � 
� In addition to this region of large �max� a second class of events is observed
which has �max � ���� called large rapidity gap events� A total of ���� such events is found�
The photoproduction background for these events is about �� as inferred from the shape of
the � distribution restricted to events with �max � ���� Other backgrounds for these events are
negligible�

The standard DIS model� shown as a dotted histogram in Fig� �a� gives a reasonable account
of the shape of the �max distribution for values above ��� but cannot account for the excess of
events at lower values� To investigate how well a combination of standard DIS processes and
di�ractive interactions could describe this distribution� the fractions of standard DIS Monte
Carlo events and pomeron events are adjusted to give the best �t to the �max distribution�
normalising the total number of Monte Carlo events to the data� In Fig� �a the �t with the
hard POMPYT model is shown as a solid histogram� that with the soft POMPYT model as
dash	dotted histogram and that with the NZ model as a dashed histogram� We �nd that a
qualitative description of the data can be obtained with about ��� of all events coming from
either the hard POMPYT or the NZ model� The soft POMPYT model does not give a good
representation of the data and will not be considered further� From these �ts we also �nd that
the background of DIS events in the large rapidity gap sample is about ���

The correlation between MX and WDA is displayed in Fig� �b where events with �max �

��� are plotted with larger dots� Note� in this and all following �gures� the data shown are
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uncorrected for detector e�ects and the �max cut� The large rapidity gap events are distinct
from the standard events� they are characterized by small MX values� typically MX � �� GeV�
In Fig� �c the MX distribution is shown for events with �max � ���� From the NZ and hard
POMPYT models we learn that the reconstructed MX tends to overestimate the true value
by about �� at �� GeV� the discrepancy increasing approximately linearly with MX � The
resolution of MX is roughly constant at a value of about ���� for values of MX above 
 GeV�
For both models the acceptance due to the �max cut is about 
�� and high values of MX are
preferentially suppressed� The hard POMPYT model� and to a lesser extent also the NZ model�
are seen to predict fewer events for MX � �� GeV� We note that the �� standard DIS Monte
Carlo events populate mainly the region MX � �� GeV and do not account for the di�erence�
In Figs� �d	f the distributions of WDA� Q�

DA and xDA are shown for �max � ���� From Fig� �
we see that neither the hard POMPYT nor the NZ models� with the parameter settings given
in section �� can describe all details of our data� however the gross features of the data are well
enough described for the purposes of this analysis�

The features of large rapidity gap events displayed in Fig� � do not change if the threshold
energy used in the cluster de�nition is varied by 	��� MeV�

We de�ne the variable 
 by the relation


 �
M�

X �Q�

DA

W �

DA �Q�

DA

� ����

If large rapidity gap events are interpreted as due to pomeron exchange� then 
 is the fraction
of the proton�s momentum carried by the pomeron� For the data with a large rapidity gap�
due to acceptance cuts� 
 lies in the range ��� � ���� to ��� � ���� with a mean value � 
 � of
��� � �����

��� The x� Q� and W dependence

In Regge phenomenology the amplitudes for two	body scattering by pomeron exchange are
approximately independent of the centre	of	mass energy while Reggeon exchange amplitudes
have inverse power law dependences� The contribution to 	�p scattering of a subprocess due
to pomeron exchange should depend weakly on W � whereas � or � exchange would give a
contribution falling approximately as W�� or W��� About the same W dependences would be
expected in ep scattering for the relative contributions of these subprocesses to the total DIS
sample� In order to examine the W dependence we study the ratio r of the number of events
with �max � ��� to the total number of DIS events� In this ratio several factors drop out� such
as the 
ux of virtual photons� which are common for events with and without a large rapidity
gap� The dependence of r on WDA is shown in Fig� �a� The �gure also shows �as a histogram�
the relative acceptance of the �max cut as a function of WDA� For WDA � �
� GeV it can
be seen that the acceptance corrections are independent of WDA� At smaller WDA values� the
acceptance decreases since the �nal state hadronic system is boosted in the forward direction�
The contribution of the large rapidity gap events to the DIS cross section is constant� within
errors� for WDA � �
� GeV� suggesting a di�ractive type of interaction� For WDA � �
� GeV
the fraction of events with �max � ��� is � � �� of the total DIS sample�

In Figs� �b	d we show the ratio r as a function of Q�

DA for three di�erent intervals in Bjorken
xDA� The data were restricted to values WDA � �
� GeV where Monte Carlo calculations show

�



that the acceptance is 
at in Q�

DA� Since the total DIS sample shows a leading twist behaviour�
the near constancy of r with Q�

DA suggests that the production mechanism responsible for the
large rapidity gap events should also be a leading twist e�ect�

��� Jet structure

In order to see whether the process leading to large rapidity gap events contains a hard com	
ponent we studied the jet structure of the �nal state�

Two types of jet studies were performed� In the �rst study �ep�� jet production was analysed
in the laboratory system with respect to the beam axis to see how the transverse momentum
of the electron was balanced by the hadronic system� The second study �	�p� was done in
the virtual photon proton centre	of	mass system� We searched for jet structures using a cone
based jet �nding algorithm in pseudorapidity ���� azimuth ��� space ���� ���� The cone radius

R � ���� �����
�

� in the algorithm was set to � unit and calorimeter cells with EMC �HAC�
energy below �� MeV ���� MeV� were excluded� Also those cells associated with the scattered
electron were removed when performing the jet search� Clusters were formed around cells with
transverse energy greater than ��� MeV�

����� Jet studies in the ep system

A cluster was called a jet if its transverse energy E
jet
T in the laboratory with respect to the

beam axis was larger than 
 GeV� An example of a �	jet event is shown in Fig� �a� Of the
���� DIS events with �max � ��� we found ��
 events of the �	jet type and � events of the �	jet
category� Jet rates for data and Monte Carlo simulations are given in Table �a� Both the hard
POMPYT and NZ models predict jet rates that are somewhat higher than the data� The total
hadronic transverse energy distribution is shown in Fig� 
a for all events with �max � ��� and
for those with � � jet �hashed� and � jets �cross	hashed� in the �nal state � For ET � �� GeV
practically all events are of the �	jet type� In Fig� 
b� the distribution of the azimuthal angular
di�erence ��e�jet between the scattered electron and the jet is displayed� It shows that the
scattered electron and the jet are preferentially back	to	back in azimuth� Fig� 
c shows the
transverse jet energy for events with �max � ��� containing at least one jet� Both the hard
POMPYT and NZ models give reasonable accounts of the data�

Even if the cross section for jet production in 	�pomeron interactions were large� we would
not expect to see sizeable �	jet production in the HERA system because of the requirement that
E
jet
T � 
 GeV and the rather small centre	of	mass energy of the 	�pomeron system� The average

momentum of the pomeron for our event sample with �max � ��� is small� � 
 � �Ep � ����
GeV� If the minimum Ejet

T requirement is lowered from 
 to � GeV the �	 and �	jet rates
increase as shown in Table �a� A minimum jet energy of � GeV can be used because the �max

cut removes the proton remnant in the FCAL� Also as we describe below in section ��
� the jet
pro�les in rapidity and azimuth show that there is little hadronic activity outside the jets�
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����� Jet studies in the 	�p system

The question whether the observed jets are a mere kinematic artifact of the necessity to balance
the transverse momentum of the scattered electron is investigated in the 	�p system� To boost to
the 	�p system the 
	momentum of the virtual photon is �rst reconstructed using DA variables�
FromMonte Carlo studies the uncertainty in the total hadronic transverse energy� E�

T � generated
by the Lorentz transformation is of the order of ��� MeV rms� In Fig� 
d we show the E�

T

distribution for large rapidity gap events� and observe transverse energies as large as �� GeV�

In this study the minimum transverse jet energy required� with respect to the 	� axis� was
� GeV� With this de�nition ��� events were found of the �	jet type� �� of the �	jet type and �
of the �	jet type� Jet rates in the 	�p system for data and Monte Carlo event samples are given
in Table �b� The events with � �� � � and � jets are shown in Fig� 
d as hashed� cross	hashed
and solid histograms respectively� Jet production is the dominant mechanism for E�

T values
larger than � GeV� The NZ model gives jet rates in better agreement with the data than the
hard POMPYT model� though both models reproduce the overall features of the data in the
	�p frame shown in Figs� 
e and 
f below�

In Fig� 
e the di�erence in azimuth for the �	jet events ���jet�jet� is displayed� showing
that the jets are preferentially back	to	back� In Fig� �b we show an example of a �	jet event�
which satis�es the �	jet criteria in both the ep and 	�p frames� In Fig� 
f we show� for events
with � � jet� the jet transverse energy distribution �with respect to the 	� direction� where
jets with transverse energies� E�jet

T � as large as � GeV are observed� The same holds for the
sub	sample of �	jet events� A momentum transfer squared t between the virtual photon and
the incident proton could contribute to the jet transverse energy in the 	�p frame� However the
analysis of the jet transverse energy in the X system shows good agreement with that in the
	�p system demonstrating that a non	zero t value is not the cause of the hard E

�jet
T spectrum�

Taking these observations together we have evidence for hard scattering processes in both the
	�p system and the X system� producing large rapidity gap events ��max � ���� in ep scattering�

��� Energy �ow around the jet axis

The transverse energy 
ow around the jet axis in the ep system was studied for �	jet events
with and without a rapidity gap as a function of �� and �� with respect to the jet axis�
�� and �� are de�ned as the di�erences �cell � �jet axis and �cell � �jet axis respectively� The
�	jet DIS sample with �max � ��� was restricted to the kinematic region ���� � x � ���� and
�� � Q� � ��� GeV�� where most of the events with �max � ��� lie� To avoid any bias from
the �max cut the jets for both samples were restricted to the region �jet � �� The transverse
energy weighted 
ows around the jet axis with respect to �� and �� are shown in Figs� �c and
d respectively� In the case of the �� plot only transverse energy deposits in the hemisphere
de�ned by the jet axis are included� Positive �� values are closer to the forward �proton
beam� direction� For the �� plot transverse energy deposits with � � ��� were excluded� The
following conclusions can be drawn� The jets are strongly collimated and the energy 
ow in
the central core of the jet is very similar for events with a large rapidity gap and for standard
DIS events ��max � ����� However� while standard DIS events have a signi�cant amount of
transverse energy 
ow between the jet and the proton direction� there is practically no such
energy 
ow seen for large rapidity gap events in the �� distribution� These results con�rm our
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earlier conclusion ��� that� for large rapidity events� there is no colour 
ow between the jet and
the proton direction� Both the hard POMPYT and NZ models give good descriptions of the
jet pro�les for events with �max � ����

� Summary and conclusions

We have investigated the production of events with a large rapidity gap at HERA energies in
the DIS regime for Q� � �� GeV� with a twentyfold increase in statistics compared to our
previous analysis ���� Focussing on the region W � �
� GeV we �nd that the events with
a large rapidity gap� de�ned by �max � ���� account for � � �� of all DIS events� without
acceptance corrections� The ratio r of events with �max � ��� to all DIS events is constant
with W suggesting a di�ractive production mechanism� Since the total DIS sample shows a
leading twist behaviour and the ratio r is found to be approximately constant with Q�� the
large rapidity gap events are also consistent with leading twist� The analysis of the hadronic
system in the ep frame shows that for total transverse energies ET � �� GeV basically all events
are of the �	jet type� when the jet is required to have more than 
 GeV transverse energy with
respect to the beam direction� The jet is found to be back	to	back with the scattered electron
in the transverse plane� The analysis of the hadronic system in the 	�p centre	of	mass frame
shows that for transverse jet energies greater than � GeV with respect to the virtual photon
direction� small but signi�cant two	jet production is observed with transverse jet energies up to
� GeV� The two jets are produced preferentially back	to	back in azimuth� This demonstrates
the presence of a hard scattering process in the virtual photon proton interaction in large
rapidity gap events� The hard POMPYT and NZ models give fair descriptions of the shapes
of the distributions studied in the large rapidity gap event sample� The Q� independence of r
together with the observation of high ET jets in the 	�p system and the noted absence of colour

ow indicate that a natural interpretation is the interaction of the virtual photon with partons
in a colourless object inside the proton�
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Table �� �a� Percentage of large rapidity gap events with jets in the ep frame for two values of
the minimum transverse jet energies� �b� Percentage of large rapidity gap events for jets in the
	�p frame with a minimum transverse jet energy of � GeV�
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Figure �� �a� The distribution of the calorimeter cluster with maximum rapidity� �max� for the
DIS sample� The dotted histogram shows the standard DIS Monte Carlo sample alone� the
other histograms show �ts to the data using a combination of standard DIS Monte Carlo plus
hard POMPYT events �full�� or plus soft POMPYT events �dash	dotted� or plus NZ events
�dashed�� The combined total of Monte Carlo events has been normalised to the data� �b� The
correlation between the mass of the hadronic system MX and WDA� �c� The distribution of MX

in large rapidity gap events with comparisons from the hard POMPYT and NZ models� see
text for details� �d� The distribution of WDA for events with a large rapidity gap with the same
model comparisons� �e� Q�

DA and �f� Bjorken xDA distributions for events with �max � ��� with
model comparisons as labelled�

Figure �� �a� The ratio r of the number of events with �max � ��� to the total number of DIS
events as a function of WDA� The histogram shows the acceptance of the �max cut in arbitrary
units� �b�� �c� and �d� The ratio r for WDA � �
� GeV as a function of Q�

DA for three intervals
in Bjorken xDA� �� � � ����� � � �� � ���� and �� � �
 � ���� respectively�

Figure �� a� Transverse energy deposition in � � � space for a large rapidity gap event with
one hadronic jet balancing the electron�s transverse momentum� �b� A similar display for a
large rapidity gap two	jet event� �c�� �d� The transverse energy weighted pro�les for jets with
�jet � � in events with �max � ��� ��lled circles� and with �max � ��� �open circles�� �c�
shows the rapidity pro�le with a hemisphere cut and �d� the azimuthal pro�le excluding energy
deposits with � � ���� see text� The pro�les for jets in events with a large rapidity gap are
compared with expectations of the hard POMPYT and NZ models �full and dashed histograms
respectively��

Figure 
� �a� The distribution of the total hadronic transverse energy seen in the calorimeter�
ET � for DIS events with a large rapidity gap and those with� in addition� � � �hashed� and � �
jets �cross	hashed�� A jet is required to have at least 
 GeV transverse energy with respect to
the beam direction� �b� The di�erence in azimuthal angle between the scattered electron and
the jet� �c� The jet transverse energy in the laboratory for events in the DIS sample with a
large rapidity gap� �d� The total hadronic energy transverse to the virtual photon direction�
E�

T � for DIS events with a large rapidity gap and those with� in addition� � � �hashed�� � �
�cross	hashed� or � jets �solid� in the �nal state� Here a jet is required to have at least � GeV
with respect to the virtual photon direction� �e� The di�erence in azimuthal angle between the
two jets in the 	�p centre	of	mass system ��	jet sample�� �f� The distribution of the jet energy
transverse to the virtual photon direction for the �	 and �	jet samples� In �gures �b�� �c�� �e�
and �f� the data are shown as black dots with errors and the results from the hard POMPYT
and NZ models as full and dashed histograms respectively�
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