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Abstract:

Events with no hadronic energy flow in a large interval of pseudo-rapidity in the
proton direction are observed in photon-proton interactions at an average centre of
mass energy < ,/s,, > of 200 GeV. These events are interpreted as photon diffrac-
tive dissociation. Evidence for hard scattering in photon diffractive dissociation is
demonstrated using inclusive single particle spectra, thrust as a function of trans-
verse energy, and the observation of jet production. The data can be described by a
Monte Carlo calculation including hard photon-Pomeron scattering.
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1 Introduction

The electron-proton collider HERA has turned out to be an important research facility for the
understanding of high energy photon-hadron interactions [1-7]. Quasi-real photons are produced
in ep collisions by electrons which are scattered through small angles. Photon-proton centre of
mass system (CMS) energies of up to 300 GeV are possible. This is one order of magnitude
larger than the CMS energies achieved so far in fixed target experiments. At these energies high
mass diffractive dissociation processes in photoproduction can be studied.

The hadronic interaction of quasi-real photons with matter is fairly well described by a
model where the photon converts into a virtual hadronic state, mainly the p°(770) meson, and
subsequently interacts with a target hadron. In recent yp studies it was shown that, similar to
hadron-hadron scattering, photoproduction exhibits both the production of transverse jets and
a substantial rate of events which contain particles with transverse momenta py values larger
than a few GeV [1-6]. These phenomena can be readily interpreted in terms of the interaction
of a parton in the incident hadron and a parton in the photon, and is termed a resolved photon
process. In addition to the resolved process the photon can couple directly to quarks in the
proton. This is termed a direct photon process. Models including leading order (LO) QCD
diagrams for resolved and direct processes indeed describe the gross features of these data.

As a result of the similarity with hadron-hadron collisions, one expects a diffractive scatter-
ing component in the yp cross section. Diffractive scattering involves the exchange of energy-
momentum between the incident hadrons, but no exchange of quantum numbers. The diffractive
cross section is expected to be large, namely about 30% of the total cross section.

In diffractive processes both incident particles can keep their original identity (elastic scatter-
ing), or one or both of them can dissociate i.e. break up into a system of generally low invariant
mass and low multiplicity (diffractive dissociation). For single diffractive dissociation only one
of the incident particles dissociates after the interaction, while for double diffractive dissociation
both incident particles dissociate. At HERA it is possible to study the single diffractive disso-
ciation channels Vp — Xp (meson diffractive dissociation) and Vp — VX (proton diffractive
dissociation), where V' stands for a vector meson (p°(770), w(782), ¢(1020), etc.). A salient fea-
ture of single diffractive dissociation at high centre of mass energies is a gap in rapidity between
the non-dissociated hadron and the particles of the dissociated system. Due to the asymmetry
between the incident proton (820 GeV) and electron (26.7 GeV) energies, we can identify meson
diffractive interactions by requiring the absence of energy in the region of the HERA detec-
tors around the proton direction. The diffractive interaction events, which will be isolated by
the rapidity gap cut detailed below, are the sum of meson single diffractive dissociation and a
contamination of double diffractive dissociation, and are termed photon diffractive dissociation
in the following. The contamination of elastic events Vp — Vp and proton single diffractive
dissociation events Vp — V X seen in the detector is negligible (< 1%), as well as that of events
resulting from other Reggeon exchanges.

Phenomenologically, the observed properties of the diffractive cross section are described
by triple-Regge theory where this process is viewed as the exchange of a Pomeron [8]. This
interpretation however gives no information on the details of the hadronic final states produced
in diffractive dissociation. Traditionally the final state in diffractive dissociation is assumed to
be described by a multiperipheral [9] type of model in which particles are distributed throughout
the final state phase space with limited transverse momentum. This approach has been used
successfully so far for comparisons with the available measurements of multiplicity and rapidity
distributions of charged particles from the diffractive system. On the other hand, in modern QCD
language it is tempting to consider the Pomeron as a partonic system [10] which can be probed
in a hard scattering process. Models based on this idea assume that the Pomeron behaves as a
hadron and the concept of a Pomeron structure function is introduced [11-13]. In contrast to the
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approach of assuming limited pp phase space, these models predict that, similar to high energy
hadron-hadron scattering, high mass diffractive dissociation exhibits the production of jets and a
large pp tail in the differential transverse momentum distribution. Thus hard hadron-Pomeron
scattering events should be observed in diffractive hadronic collisions at high energies. The
UAS collaboration recently has shown evidence for jet production in diffractive pp events [14],
interpreted as resulting from the collisions of partons from the proton with partons from the
Pomeron. Furthermore, within this partonic picture, these data have shown sensitivity to the
parton distribution in the Pomeron. New data to study the partonic structure of the Pomeron
are essential to check this picture. In particular the py spectra of particles, the transverse thrust
distribution, and the jet production spectra are expected to provide important information on
the underlying dynamics of the diffractive process.

This analysis presents the study of events with a rapidity gap in photoproduction at HERA.
Based on the comparison with Monte Carlo calculations these events are found to be well
compatible with the hypothesis of photon diffractive dissociation. Evidence for hard scattering
properties of these events is presented. The present analysis is based on data collected in 1993
with the H1 detector at HERA, for collisions of e and p beams with energies of 26.7 GeV and
820 GeV respectively.

2 Experimental Set-up

The H1 detector is described in detail elsewhere [15]. Here we describe briefly the components
of the detector relevant for this analysis.

Measurements of charged particle tracks and the interaction vertex are provided by a central
and forward tracking system, consisting of drift and multiwire proportional chambers. The
central and forward tracking chambers cover the complete azimuth and the range from about
—2.0 to 3.0 in pseudo-rapidity 7 = —In(tan(6/2)). Here # is a polar angle with respect to the
proton beam direction (z axis), termed the forward region. Tracks found in the central and
forward tracker are used to define the event vertex of the interaction. In this analysis we use
for the inclusive single particle analysis tracks fitted to the event vertex, with a minimum py of
150 MeV/c and | zrrackx — 2verrex |< 12 cm, with zrracx being the z-value of the track at
the distance of closest approach. The central chamber is interspersed by an inner and an outer
double layer of cylindrical multiwire proportional chambers (MWPC). Together with MWPCs
from the forward tracking system, these chambers were used in the trigger to select events with
charged tracks pointing to the interaction region. The MWPC trigger covers the rapidity range
from —1.5 to 2.8.

The tracking region is surrounded by a fine grained liquid argon (LAr) calorimeter [16]
consisting of an electromagnetic section with lead absorber and a hadronic section with steel
absorber. The energy resolutions achieved in test beams were o/E ~ 12% /+/E for electrons and
~ 50%/+/E for pions, with E in GeV [15, 17]. The LAr calorimeter covers the complete azimuth
and the range from —1.5 to 3.65 in pseudo-rapidity 1. The backward region (—3.3 < n < —1.5)
is covered by a lead-scintillator electromagnetic calorimeter (BEMC). For the measurement of
the energy flow we use the cells of the LAr calorimeter and of the BEMC. The reconstruction of
calorimetric energies is described in more detail in [15, 17]. For the transverse thrust analysis
tracks are also included. The calorimeters and the tracking system are placed inside a supercon-
ducting solenoid which, together with the surrounding octagonal iron yoke, maintains a uniform
magnetic field of 1.15 T along z in the tracking region.

An electron detector placed at a distance of 2 = —33 m allows tagging of electrons scattered
at small angles ' < 5mrad (¢ = 7—#0) from photoproduction processes. Together with a photon



detector at # = —103 m the electron tagger is used to measure Bethe-Heitler ep — epy events
for luminosity determination. Both detectors are TIC1/TIBr crystal Cerenkov calorimeters with
an energy resolution of 10%/@.

3 Event Selection

This analysis is based on a sample of tagged events in which the energy of the scattered electron
is measured in the H1 small angle electron tagger. This limits the acceptance for the virtuality
of the incident photons to the range 3 x 107 GeV? < Q? < 1072 GeV? where @? is given by
Q? = 4E.FE’ cos*(0./2). Here E, and E’ are the energies of the incoming and scattered electron
respectively and 6. is the angle of the scattered electron with respect to the proton direction.
The fractional energy of the photon as measured by the small angle electron detector is required
to be in the interval 0.25 < y < 0.7, where y = 1 — E//FE,. This range in y corresponds to
the energy interval of the yp system (W) from 150 GeV to 250 GeV, with an average of about
200 GeV. The condition on y removes events from the tails of the electron energy distribution
where the acceptance of the electron tagger is small. It also removes the elastic Vp — Vp and
single proton diffraction dissociation Vp — VX component where, due to the event kinematics,
the vector meson escapes detection.

We use two data samples in this analysis. A first data sample, henceforth called minimum
bias sample, has been collected with a loose, minimum bias trigger, designed for collecting events
for general multiparticle studies of vp collisions. This trigger was only active for an equivalent
integrated luminosity of 117 nb~!. A second data sample, henceforth called jet sample, was
collected with a more selective trigger but permits the use of a data sample corresponding to an
integrated luminosity of 289 nb~*.

A coincidence of the small angle electron detector signal (£! > 4 GeV ) with at least one
track pointing to the vertex region was used to trigger on events from interactions of protons
with quasi-real photons. For the minimum bias sample, the track condition is derived from a
very rough measurement from the MWPC trigger and requires a track py 2 150 MeV/e. The
acceptance of this trigger was studied in [7]. For the jet sample, a more restrictive track trigger
condition was used which was based on fast signals of the central drift chamber trigger. It
required a well defined track with py 2 450 MeV/c in a polar angular interval of 25° < 8 < 155°.

The events kept by these trigger conditions were reconstructed and subjected to the following
selection criteria. Events were accepted if, apart from the electron tagger energy conditions given
above, at least one track originated from the interaction region in the transverse (z,y) plane,
and thus an interaction vertex was reconstructed. This event vertex must lie in z within the
region (—35 < z < 25 cm), the length of which is governed by the total proton bunch length. In
addition, for the jet sample we required the events to contain a minimum transverse energy, Fr,
of 5 GeV. With this requirement the trigger used for this sample was found to have an unbiased
acceptance for events with jets. Throughout this paper the transverse energy is defined with
respect to the yp axis.

Events containing cosmic ray showers and beam halo muons were rejected by means of
patterns recognized in the central tracking system and in the LAr calorimeter. Interactions of
the proton beam with the residual gas in the fiducial vertex region in random coincidence with
a signal in the electron tagger are removed by appropriate cuts on low ¥, in coincidence with
large > p./ > p values (see [7] for details). Here y, = > (&£ — p,)/(2- E.) is measured in the
calorimeter where ) (£ —p,) is determined by summing £-(1—cos@) for all cells, and p, denotes
the longitudinal momentum component.

In total about 125,000 events satisfy the final selection criteria for the minimum bias sample
and 174,000 events for the jet sample.



In the following the uncorrected data will be compared with Monte Carlo predictions which
were simulated through the detector and reconstructed as for the real data. The detailed simu-
lation of the detector parts is described in [15]. All figures are shown with statistical errors only.
The QED radiative corrections to the jet cross section are expected to be small (S 2%) for the
present experimental conditions and have not been considered in this analysis.

4 Monte Carlo Simulation Programs

Soft hadronic events, i.e. events with no hard scale, are generated with the PYTHIA5.6 [18]
Monte Carlo program which includes the diffractive components of the yp cross section. The
differential cross section for diffractive events follows the properties known from hadronic diffrac-
tive dissociation, namely an exponential ¢ dependence and a 1/M#% behaviour. Here ¢ is the four
momentum transfer between the incident particles and My is the invariant mass of the diffrac-
tive system. Experimentally this behaviour in M3 and ¢ has been confirmed in a fixed target
photoproduction experiment [19]. The diffractive system fragments into hadrons and produces a
final state involving essentially only fragmentation pp for the produced hadrons. This model re-
produces the kinematic properties of a longitudinal phase space model. Henceforth it is referred
to as the soft diffractive model.

For further study we use a model which explicitely includes diffractive hard scattering:
POMPYT1.0 [20]. This model assumes the emission of a (space-like) Pomeron at the pro-
ton vertex. The resulting photon-Pomeron interaction is simulated as the hard scattering of the
photon (direct process) or partons in the photon (resolved process) with partons in the Pomeron
according to LO QCD calculations for the hard scattering processes. These collisions give rise
to the production both of particles with a large py and of jets.

To compare with non-diffractive hard scattering in photon-hadron interactions, the Monte
Carlo program PYTHIA5.6 was used in its high pp option for photoproduction. Here vp in-
teractions are simulated as the hard scattering of the partons in the photon and in the proton,
according to the LO QCD calculations, summing the contributions from direct and resolved
photon interactions. The effects of initial and final state QCD radiation are described by lead-
ing logarithm type parton showers. The possibility of multiple interactions between the partons
from the photon and proton is included. This model is referred to as the non-diffractive model
in the following. It describes well the basic features of the high py inclusive yp data [3].

Both the high py PYTHIA and POMPYT models are based on LO QCD calculations. Since
a QCD calculation is divergent for pr — 0, where pr is the transverse momentum of the out-
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going partons in the hard scattering process, a minimum pr cut-off value p7*” is applied. For this
analysis the cut-off has been chosen to be p7" = 2.0 GeV/c. Due to the divergence, no absolute
normalization of the Monte Carlo predictions will be used in the following. Instead comparisons
are made with the Monte Carlo calculations normalized to the number of events in the data in
the regions where these models are expected to be applicable. For the parton distributions we
use GRV leading order parametrizations both for the proton [21] and the photon [22]. In this
analysis the Pomeron was assumed to consist of gluons and their distribution function within
the Pomeron was taken to be either “hard”, zg(z) ~ 2(1 — z), hereafter labelled “G0”, or “soft”,
zg(z) ~ (1 — 2)°, hereafter labelled “G’5”. The variable z = z,/pp is the fraction of the Pomeron
momentum carried by the struck gluon involved in the interaction. The results from high ps jet
production in diffractive proton anti-proton interactions mentioned above favour the hard G0
distribution. Unless otherwhise specified we use for comparison with the data the G0 densities
for the Pomeron. For hadronic fragmentation the Lund model [23] is used in all Monte Carlo
programs.



5 Rapidity Gap Events

The energy flow for the selected events was investigated using the variable 7,,,,, the pseudo-
rapidity either of the most forward calorimetric energy deposit of 400 MeV or the most forward
detected track with a transverse momentum py > 150 MeV/c. In fig. 1 the 7,,,, spectrum is
shown for the minimum bias sample of photoproduction events. The largest pseudo-rapidity
which can be observed in the H1 liquid argon calorimeter, 7p,,, is about 3.65 and in the forward
tracker, npp, about 3. These values vary slightly due to the position of the ep event vertex.
Fig. 1 shows that for most events there is energy close to 1.,.. However there is also a class of
events which have a small 7,,,, value, i.e. a large empty region in the calorimeter in the proton
direction.
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Figure 1: Maximum peudo-rapidity 7),,., distribution in vp events compared to a diffractive
(dashed line) and a non-diffractive (shaded area) Monte Carlo model, and their sum (full line).

The 7,45 spectrum can be qualitatively understood by comparing it with model predictions
for diffractive and non-diffractive processes. The comparison with the PYTHIA Monte Carlo
predictions in fig. 1 shows that the events with small 7,,,, are consistent with photon diffractive
dissociation. The non-diffractive prediction (PYTHIA-nd; shaded area) exhibits a sharp fall
off with increasing gap size, i.e. decreasing 7,,,,, and clearly does not account for the 7,,,,
tail for nma: < 2. The photon diffractive dissociation component (PYTHIA-sd ; dashed line),
calculated with the soft diffractive model, gives a good description of the spectrum for 7,,,, < 2.
The shape of the 7,,,, distribution for the Monte Carlo events with a rapidity gap results from the
1/M?% ansatz for the differential diffractive cross section. The distribution for the soft diffractive
model is normalised to the region 7,,,, < 2, while the distribution for the non-diffractive model is
normalised to 7,,,, > 3. In all, the sum of the soft diffractive and non-diffractive vp Monte Carlo
calculations (full line) accounts reasonably well for the observed 7,4, spectrum. This observation
does not change by varying the minimum cluster energy and the track py requirements by 30%.

Other production mechanisms for producing rapidity gap events can be envisaged. Other
Reggeon exchanges (e.g. 7, f2(1270)... exchange) can give rise to rapidity gaps as well. However
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due to the nature of the 7,,,, cut applied here, we implicitely select a region of M?/s ~ xp;, <
1072, where Pomeron exchange is expected to dominate over Reggeon exchange [24]. Here zp,
is the momentum fraction of the proton carried by the Pomeron.

To study the properties of the rapidity gap events, we select events with 7,,.,, < 1.5. We
additionally require for this and all further analyses in this paper that the calorimetric energy
with 7 > 1.5 be less than 1 GeV and that the forward rapidity gap be the largest in the event.
These additional requirements remove only a few % of the events with a forward rapidity gap,
but enhance the purity of the sample. In total 7249 events survive this cut for the minimum
bias sample. A consequence of this 7,,., selection is that diffractive events with a dissociative
system of mass Mx less than about 20 GeV are selected. The background in the rapidity gap
data sample, due to accidental coincidence of a proton beam gas interaction with an electron
scattered at small angle in the same event, was estimated to be 4 events using data taken with a
non-colliding proton bunch (pilot bunches) and using the rate of the small angle electron detector
alone. This background is neglected in the following. The remaining background from electron
gas events was found to be more important. From electron pilot bunch studies we derived a
contamination of 6% in the minimum bias sample. This background is subtracted statistically
from the data presented in this section.
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Figure 2: Transverse momentum distribution of charged particles for events with large pseudo-
rapidity gap (7mar <1.5) compared to Monte Carlo predictions, explained in the text.

If diffractive dissociation involves a hard process then the corresponding underlying parton
interaction should be detectable in the event shape at the hadronic level. Possible signatures
should be a large py tail in the inclusive single particle distribution, and an azimuthal back to
back correlation of transverse energy flow, growing with F7 of the event. Such a correlation can
be quantified by studying the thrust in the transverse momentum plane.

In figure 2 the py spectrum for charged tracks in the range —1.5 < 1 < 1.5 is shown, where pp
is measured with respect to the beam axis. The shape of the distribution shows an exponential
fall off at small py values with a large tail extending to pr ~ 5 GeV/c. The same observation
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was made for the pr spectrum measured in the total inclusive photoproduction sample [3], where
the events in the tail were identified with hard scattering in vp interactions. The shape of the pp
spectrum is compared with the soft diffractive model prediction from PYTHIA (dashed-dotted
line) and the diffractive hard scattering model prediction from POMPYT (dashed line). For
purpose of display the POMPYT prediction is normalised to the region pr > 1.5 GeV/¢, and
the sum of POMPYT and PYTHIA is normalised to the total spectrum. The soft diffractive
model describes well the exponential fall of the data at small py which represents the bulk of
the data, but clearly cannot account for the py tail. POMPYT gives a satisfactory description
of the large py region. The overall pp distribution is well described by the sum of a soft and
hard diffractive component (full line). Events from hard scattering of the partonic content of the
photon with the proton, i.e. the remaining non-diffractive events in the rapidity gap sample, are
predicted to give a small contribution to the pp spectrum, namely less than 20 events. Similar
results were obtained from studies of the transverse energy spectrum of the rapidity gap events
(not shown). The agreement with the diffractive hard scattering model may thus be taken as
an indication for hard scattering at the parton level in photon diffraction.
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Figure 3: Average observed transverse thrust as function of event Ep. Data (points) and
expectation for azimuthally isotropic events (line) with the same average multiplicity as the
data points for a given Frp.

A variable sensitive to the event shape is the transverse thrust 7', = max(}_ pr-n/Y_ |pt|)
calculated from charged tracks and calorimetric clusters, without double counting. Here pp

is the transverse momentum vector for each final state object, and |n| = 1. The transverse
thrust axis is given by the n vector for which the maximum of 7 is obtained. For a two-body
decay the reconstructed value is 7' (2) = 1, and only in the limit of infinite multiplicity does

the reconstructed thrust adopt the “theoretical” value 7' (00) = 2/7 ~ 0.64 for an isotropic
production of particles in the transverse plane. Fig. 3 shows the average transverse thrust,
< T} >, as a function of the Ep of the event. At Fp = 5 GeV, < T > falls with increasing Erp,
but changes behaviour for Fp larger than 9 GeV. On the other hand the average multiplicity
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of particles in our data is found to increase with increasing Fp. In the absence of a preferred
transverse direction, i.e. for an isotropic particle distribution in the transverse plane < T, >
is expected to continuously decrease with growing Fp, as a result of the increased average
multiplicity. This is demonstrated by the curve in fig. 3 which shows the expectation for thrust
in isotropic final states with the same average multiplicity as in the data. The data however
does not continue to fall at Fp > 9 GeV, contrary to the implications of growing multiplicity.
This is an unambiguous signature for an underlying two-body structure in the transverse plane
such as a hard scattering process. This evidence is independent of any specific model for soft
and hard scattering.

6 Jets in Rapidity Gap Events

To substantiate the above evidence for hard scattering, a search was made for jet structures in
the data sample of photoproduction events with a total transverse energy larger than 5 GeV
(jet sample), which used an integrated luminosity of 289 nb~*.

A jet finding algorithm was applied to search for jets. The definition of jets was based on
transverse energy in the calorimeter contained within cones of radius R = v/An2 + Ag? = 1.0
in the space of pseudo-rapidity 7 and azimuth ¢ (in radians). For the present study, calorimeter
cells from the region —2 < 1..; < 2.5 were considered in the jet search. Within this region, we
applied a ‘sliding window’ with radius R = 1 in order to find the cone with the highest transverse
energy in the event. The transverse energy Fp within the cone was calculated as a scalar sum
of the transverse energy of individual calorimeter cells inside it, while the cone axis is given as
the vector pointing from the event vertex to the transverse energy centroid of all cells within
the cone [25]. Cones with Er > 4 GeV and pseudo-rapidity in the range —1 < 7;.; < 1.5 were
accepted as jets in this analysis.

The 7,4, distribution for all vp events of the jet sample containing at least 1 jet is shown
in fig. 4. The distribution shows the same characteristics as fig. 1, namely most events have
an 7,4, close to np,.., but a clear signal of events with 7,,,, < 2 is observed. The reduction
in the proportion of events in the 7,,,, < 1 region compared to all data (c.f. figure 1) is a
consequence of the reduced phase space available for jet production. The 7,,,, cut is strongly
correlated with My, the hadronic mass of the diffractively produced system. Requiring 7,4, to
be small preferably selects small Mx events, which have less phase space for the production of
jets. The data have been compared with non-diffractive hard scattering vp (PYTHIA; shaded
area) and y-Pomeron (POMPYT; dashed and full lines) predictions. The non-diffractive vyp
prediction, normalized to the total number of events, cannot account for the 7,,,, distribution
at smaller values. The POMPYT model, normalized to the number of events with 7,,.,. < 2,
accounts better for the shape of the 1,,,, spectrum, with a slight preference for the configuration
including a hard gluon distribution (G0) for the Pomeron.

We isolate a diffractive sample by selecting events with 7,,,, < 1.5, as before. Without the
requirement for a jet to be present 1632 events are selected. In this rapidity gap sample we
find in total 116 events which contain one jet and 19 events which contain 2 jets. From Monte
Carlo studies we expect a contamination of 4 non-diffractive vp interactions with at least one
jet. The profiles of jets with 4 GeV < Erpj.; < 6 GeV and |n;.] < 0.5 are shown in figure 5 a)
and b) and compared with those of jets in photoproduction events selected as above but with
the requirement that there be no large forward rapidity gap, namely 7,,,, > 1.5. The profiles
are observed to be similar with the exception of the large An region (1 < An < 2 in fig. 5 b)).
This corresponds to the region required to be devoid of energy in the rapidity gap selection.
The diffractive hard scattering Monte Carlo calculation as given by POMPYT describes fairly
well the rapidity gap event jet profiles. An example of an event with 2 jets, with an Erp;., of 7
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Figure 4: Maximum pseudo-rapidity 7,,., distribution in tagged vp events containing jets with
Erpje; > 4 GeV in the interval -1.0 < 7;.; < 1.5, compared to Monte Carlo expectations from a
non-diffractive process (hatched area) and a diffractive process assuming a Pomeron with hard
(GO; full line) and soft (G'5; dashed line) gluon momentum distribution.

GeV and 4 GeV for the jets, is shown in figure 5 ¢). The back-to-back structure of the 2 jets is
clearly observed in the adjacent transverse view of the detector and in the E(n, ¢) distribution.

The transverse energy, Erpj.;, spectrum of all jets in the rapidity gap events is shown in
figure 6 as well as the distribution of the jet pseudo-rapidities, 7;.;, and the azimuthal angle
between the jets, Ap(jetl — jet2), for the two jet events. For two jet events, the jets are clearly
observed to be back-to-back in azimuth, a characteristic feature for a hard scattering process.
The Erpj.; and the 7., spectra are compared with the shape of the POMPYT expectation,
normalized to the number of events with 7,,,, < 1.5, for the hard and soft choices of the
Pomeron parton distribution functions. The observed jets behave as expected from parton-
parton scattering kinematics and are well described by the POMPYT Monte Carlo predictions.
With the present statistics there is no clear preference for one or the other parton distribution,
GO0 or G5, in the Pomeron.

With the given selections the relative fractions of 1 and 2 jet events with respect to the total
number of events with Fp > 5 GeV are 7.1% and 1.2% respectively. To reduce the sensitivity to
the p" cut used in POMPYT and to restrict to a region where the data show dominantly hard
scattering features (see fig 3.), a comparison is made of our data with this model by increasing
the minimum FEp of the event to 9 GeV. The 1 and 2 jet fractions are then 38.7% and 13.4%
respectively, and the ratio (2 jets)/(1 jets) is 0.35 + 0.09. These results are compared with
POMPYT predictions in table 1. The (2 jets)/(1 jets) ratio, which is only weakly sensitive to
the remaining soft diffractive contribution, compares favourably with the prediction of a hard
Pomeron parton distribution, but it should be noted that this ratio depends somewhat on the
choice of the p7" value — changing p2" by 500 MeV leads to a change in the ratio (2 jets)/(1
jets) of 15%.

Thus, the ansatz of hard scattering between partons in the photon and partons in the
Pomeron is compatible with the results of the jet analysis of the data.
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Figure 5: (a,b) Transverse energy flow around the jet axis for jets with 4 GeV < Ep;.; < 6
GeV and ;.| < 0.5: for data with 7,,,, <1.5 (circles), for data with 7,,,, >1.5 (triangles), and
for Monte Carlo events with 7,,,, <1.5 (full line). ¢) Two-jet event with a large rapidity gap in
the H1 detector.
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Figure 6: (a,b) Inclusive jet distributions for large pseudo-rapidity gap events
(Dmaz <1.5): transverse energy Fr;.; and pseudo-rapidity 7;... ¢) Distribution of the azimuthal
angle A between the jets for 2 jet events. The data are compared with Monte Carlo predic-
tions assuming a Pomeron with hard (GO0; full line) and soft (G'5; dashed line) gluon momentum
distribution.

Table 1: Jet rates: data compared to POMPYT Monte Carlo calculations for yp events with
Ep > 9 GeV and 7,,,, < 1.5, and for jets with Ep;., > 4 GeV and —1 < 5;.4 < 1.5

Sample 1 jet events(%) | 2 jet (%) | 2-jet/1-jet
Data (142 events) 38.7 13.4 0.35 £ 0.09
POMPYT GO (ﬁ?m =2 GeV) 46.4 10.1 0.22 4+ 0.05
POMPYT G5 (2" = 2 GeV) 27.3 ! <0.1

7 Conclusions

Events with a large rapidity gap with respect to the proton direction are observed in vp inter-
actions in H1 at HERA. These events are interpreted as diffractive dissociation of the photon.
When a sample of such diffractive events is selected by means of a cut 7,,., < 1.5, features at-
tributable to the presence of hard partonic scattering are observed. The yield of charged tracks
from these events, as a function of their transverse momentum, pp, extends to values which
cannot be accounted for in a model of py limited phase space, characteristic of our present
knowledge of soft diffractive processes. A model which includes hard scattering between partons
in the proton and in the Pomeron reproduces well the charged particle yield py in the data.
The transverse thrust does not decrease with FE; for large transverse energies indicating an
underlying two-body structure in the transverse plane, giving a model independ signature for
a hard process. Jets are found in the diffractive data sample. In two jet events, the jets are
back-to-back in azimuth, substantiating the evidence for hard partonic scattering in diffractive
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collisions.
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