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Abstract

The diffractive photoproduction of /) mesons is measured with the H1 detector atthe
collider HERA using an integrated luminosity of 78 pb The differential cross section
do(yp — J/vY)/dt is studied in the rang2 < [t| < 30 GeV?, wheret is the square of
the four-momentum transferred at the proton vertex. Thescsection is also presented as
a function of the photon-proton centre-of-mass endigy, in threet intervals, spanning
the ranges0 < W,, < 200 GeV. A fast rise of the cross section willi,, is observed
for eacht range and the slope for the effective linear Pomeron trajgcs measured to be
o/ = —0.0135+0.0074 (stat.) +0.0051 (syst.) GeV~2. The measurements are compared
with perturbative QCD models based on BFKL and DGLAP evohutiThe data are found
to be compatible withs-channel helicity conservation.
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1 Introduction

The diffractive photoproduction of/1) mesons with large negative momentum transfer squared
t at the proton vertex is a powerful means to probe the partoamhcs of the diffractive ex-
change. The variableprovides a relevant scale to investigate the applicatiopeofurbative
QCD (pQCD). The diffractive photoproduction of vector mes@an be modelled in the proton
rest frame, where the photon fluctuates intgjgair at a long distance from the proton target.
The colour singlet exchange between #lgdluctuation and the proton is realised in lowest or-
der QCD by the exchange of a pair of gluons with opposite aoluthe leading logarithmic
(LL) approximation, this process is described by the eifleatxchange of a gluonic ladder. At
sufficiently low values of Bjorkem: (i.e. large values of the centre-of-mass en€lfigy,), the
gluon ladder is expected to include contributions from BF&lolution [1], as well as from
standard DGLAP evolution [2]. Compared with other chanmgigch have been used to search
for BFKL evolution [3]4[8[5,5,17], the measurement of difftive //v) production at large
|t| provides an experimentally clean signature in which theiste measurement of thg
four-momentum allows the kinematic dependences of thegsoto be determined precisely.

In this paper, an analysis of the diffractive photoprodutiprocessp — J/¢Y is presented,
extending into the hitherto unexplored region of lajd€2 < |t| < 30 GeV?). Here, the system
Y represents either an elastically scattered proton or adet®d proton system. For the range
of |¢| studied in this analysis, the contribution from elasfje) production may be neglected
due to its steeft| dependence [9]. The cross section is measured differyraisk function of

|t| and as a function of the photon-proton centre-of-mass griétg in different regions oft,
using theJ/«¢ decay into two muons. To obtain information about the hifistructure of the
interaction, the spin density matrix elements are extrhcte

2 Perturbative QCD Models

Perturbative QCD models for the photoproduction/gf) mesons have been developed in the
leading logarithmic approximation using either BFKL[LQ,12] or DGLAP [13] evolution.

In the BFKL LL model the cross section depends linearly ongheon distribution of the
proton and the gluon ladder couples to a single parton (dantiyna gluon) within the proton.
The BFKL amplitude is expanded in termslog(z, W2, /W), wherez,, is the fraction of the
proton momentum carried by the parton struck by the difivactxchange. The scale parameter
Wy is chosen to be half the vector meson mass. The value ofa, is fixed in the model
to a value consistent with that extracted from alfitl [12] totpnodissociativep, ¢ and .J/¢
photoproduction data at HERA14]. The BFKL LL model predien approximate power-law
behaviour for the dependence of the formlo /dt o |t|~", wheren is a function of|¢|. For
the kinematic range studied here,ncreases from aroungito 4 with increasing|¢| and the
approximation to a power-law improves jasincreases. The calculation predicts a fast rise of
the cross section ~ ij with § ~ 1.4, which has little or no dependence on the valué oh

a recent papef[15], the LL calculations have been exterwaatbrporate the effects of higher
conformal spin([16]. Although the full next-to-leading erderms of the BFKL amplitude have
yet to be calculated for non-zetpan estimate of the non-leading (NL) corrections was okthin
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using kinematic constraints. In the DGLAP LL model, the sresction depends on the squared
gluon distribution of the proton. The model predicts a napementiak dependence and a steep
energy dependence which flattengtaapproached/Z due to the limited phase space available
for evolution.

In the pQCD models’[10, 1L, 12,113,115], a non-relativistipragimation [17] for the.J /¢
wavefunction is used in which the longitudinal momentunheftector meson is shared equally
between the quark and the anti-quark. In this approximatibe vector meson retains the
helicity of the photon such thatchannel helicity conservation (SCHC) is satisfied [18].

3 DataAnalysis

The data presented here were recorded in the years 1996Q@ad8@orrespond to an integrated
luminosity of 78 pb~!. The majority of the data were collected when HERA was operatith
positrons of energ®7.5 GeV and protons 0920 GeV. These data are combined with smaller
data samples in which either the proton energy 824sGeV or the positrons were replaced by
electrons.

3.1 TheH1 Detector

A detailed description of the H1 detector can be found i [@34 only a short overview of
the detector components most relevant to the present amaygiven here. The-axis of the
H1 detector is defined along the beam direction such thatip®si values correspond to the
direction of the outgoing proton beam.

Charged particles emerging from the interaction regionnaeasured by the central tracking
detector (CTD) in the pseudorapidity rangd.74 < n < 1.741. The CTD comprises two
large cylindrical central jet drift chambers (CJC) and twohambers arranged concentrically
around the beam-line within a solenoidal magnetic field d51T. The CTD also provides
triggering information based on track segments inithe ¢ plane from the CJC and the
position of the vertex from a double layer of multi-wire pasponal chambers. The energies
of final state particles are measured in the liquid argon Jloatorimeter, which surrounds the
tracking chambers and covers the rarge5 < n < 3.4. The backward regionH4.0 < n <
—1.4) is covered by a lead—scintillating fibre calorimeter (SRPAG20]) with electromagnetic
and hadronic sections. The calorimeters are surrounddtelyan return yoke of the solenoidal
magnet. The tracks of muons which penetrate the main deetoeconstructed from streamer
tubes placed within the iron in the range.5 < n < 3.4. The luminosity is measured using
the small angle Bremsstrahlung process{ ep~) in which the final state photon is detected
in a calorimeter, close to the beam-pipe]l @t m from the nominal interaction point.

1The pseudorapidity of an object detected with polar anglés defined ag = — In tan(6/2).



3.2 Kinematics

The kinematics for diffractive charmonium productigm— e.J/1Y are described in terms of
the ep centre-of-mass-energy squared = (k + p)?, the virtuality of the photon
Q? = —¢*> = —(k — k'), the square of the centre-of-mass energy of the initial gingtroton
systemiV?, = (¢ + p)* and the four-momentum transfer squated (p — py)>. Herek (k')

is the four-momentum of the incident (scattered) lepton @msl the four-momentum of the
virtual photon. The four-momentum of the incident protodénoted by andpy is the four-
momentum of the systemi. The event elasticity is defined as= (p - p,)/(p - ¢) wherep,, is
the four-momentum of thé/« . In the proton rest frame is equal to the fractional energy of
the photon transferred to the vector meson.

3.3 Event Selection

In this analysis, the /¢ mesons are detected via their decay into two oppositel\geldanuons
(branching fractiorb.88 4+ 0.10% [21]). The data were selected by a combination of triggers
based on muon and track signatures. The selected evenexjaiieed to have a vertex located
in z within 40 cm of the nominal interaction point. Events with two tracks pposite charge

in the CJC, each associated with the event vertex and eablpsgudo-rapidity;| < 1.74 and
transverse momentup > 0.8 GeV are used to forny/« candidates. Both decay muons are
identified in the instrumented iron or as minimum ionisingtigées in the LAr calorimeter.

Photoproduction events are selected by the absence oftaredabeam lepton candidate in the
LAr or SPACAL calorimeters. The accepted photoproductieene sample covers the range
@Q* < 1GeV? with an averagé@?) ~ 0.06 GeV?, as determined from Monte Carlo simula-
tions.

In order to select diffractive events, the analysis is retgtd to the region of elasticity > 0.95.
For the range of and1V,, studied in this paper, the cut> 0.95 restricts the invariant mass of
the systent” to be in the rangé/y < 30 GeV, through the relation ~ 1 — (Mg —t)/W2,.
The measurement ofis obtained from{E —p. ),/ > (£ —p.) where) (E—p.) is calculated
from all detected particles in the calorimeters and the @aflding the decay products of the
J/v. The variabldV., is reconstructed using”>, = >~ (E — p.) - 2E, whereE, is the energy
of the incident proton beam. In the kinematic region studiee variable is well approximated
by the negative transverse momentum squared of the vecgomiee ~ —p?’ S

3.4 MonteCarlo Smulation

Monte Carlo simulations are used to correct the data forffeets of resolution, acceptance and
efficiency losses. Samples of events from signal and baakgrprocesses are passed through
a detailed simulation of the detector response, based dBEANT programl[22], and through
the same reconstruction software as was used for the data.

The Monte Carlo generator used for the simulation of protesatiative diffractive//v> pro-
duction is HITVM [23], which generates events accordingtte BFKL model described in
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[10,[11]. The events are generated using the GRV94-HO paekasity functions[[24] and the
partonic system is fragmented according to the Lund strindehimplemented within the JET-
SET program(]25]. The generatéd, distribution in HITVM has an approximate exponential
dependencdo /dMy ~ e~ %My SCHC is assumed for the photon to vector meson transition.

The final sample of events contains background from resarahnhon-resonant sources. The
resonant background is produced indirectly through thayle€:)(2S) mesons. This contribu-
tion is simulated using a Monte Carlo sampleyg2.S) mesons generated using the DIFFVM
Monte Carlo generator [26] according to the2S) ¢ distribution and cross section ratio i@
production measured at lower values|0f[9]. A contribution of4% is observed with no sig-
nificantt dependence. The main contribution to the non-resonangbagkd is from the QED
vy — up process, which is simulated using the LPAIRI[27] Monte Caeoerator.

3.5 Signal Extraction

The invariant mass spectrum for all events in the ratige 2 GeV?,50 < W, < 150 GeV and

z > 0.95 is shown in figuréll. The LPAIR non-resonant background isnatised to the data
in the side-bands outside the mass regions ofthe and«(2S) resonances. The number of
signal events is determined from the number of events in thg&srwindow oR.9 < M+ - <
3.3 GeV, after subtracting the contributions of the resonant analnesonant backgrounds.
The resulting number of /¢ candidate events for the total sample shown in figlireiGs+

30 (stat.).

3.6 Comparison of Data and Simulation

The HITVM model gives a reasonable description of the datiekms further improved through
small adjustments to tH&’,, andt distributions. After these adjustments a comparison betwe
the simulation and the data, before background subtraasagiven in figurd R for the region

t| > 2 GeV?, 50 < W,, < 150 GeV, z > 0.95 and2.9 < M,+,- < 3.3 GeV. Distributions

are shown for the polar angle and transverse momentum ofdbaydmuon tracks, for the
reconstructed value of the elasticitywhere the cut on is not applied), foiV.,,, for the decay
angular distributionsos 6* and¢* (see sectiof4l2) and for the squared transverse momentum
of the dimuon syster@ium,. The structure in the* distribution (figure[Rf) is due to the
low acceptance for one of the muons, which has a low transvamnentum in the laboratory
frame, when the/ /> meson production and decay planes coincigfe~ 0° or ¢* ~ £180°).

3.7 Systematic Uncertainties

The uncertainties in detector effects and in the modellingpe underlying physics processes
contribute to the systematic uncertainties in the crosi@emeasurements. The following
sources of systematic error are taken into account.



The uncertainty in the acceptance corrections is estintatedweighting thél’,,, distri-
bution by W05 and thet distribution byt=#>. The resulting systematic uncertainties
on the cross section measurements range firidgno 5%.

The uncertainty in the mass distribution of the proton digstove systent” is estimated
by reweighting the\/y- dependence in HITVM by*%%My  This results in a variation of
the cross section of abodo, increasing up ta9% at the largestV,, and|¢|.

The effect of possible deviations from SCHC is estimated loglifiying the simulated
cos 6* distribution. The cross sections alter i on average.

The uncertainty on the trigger efficiency, obtained fromrashependently triggered sam-
ple of events, gives a contribution to the systematic erféfa

The uncertainty in the identification efficiency of muonsstmated by detailed compar-
ison of the data and simulation efficiencies for an indepenhdata sample. The resulting
systematic uncertainty &%.

The uncertainty due to the reconstruction efficiency of teet@l tracker for the two
tracks leads to an error af%.

The uncertainty in the non-resonant background subtmactiestimated by using a data
side-band subtraction as an alternative to the Monte Cathtraction. A difference of
~ 2% is found between the two methods and assigned to the systesmatr.

The uncertainty in the subtraction of thig2S) background leads to an error 2%,
obtained by varying the normalisation and exponent&bpe of the))(2.5) cross section
in the simulation.

Other sources of systematic error are the uncertainty im#geonic energy scale of the
liquid argon calorimeter, the uncertainty in the lumingsiteasurement and the uncer-
tainty in the branching fraction for the measured decay obh[21]. Each of them is
responsible for an error of no more thafi%.

The total systematic error for each data point has beenrd@utdiy adding all individual contri-
butions in quadrature. It has a small dependendenth an average value a2% and increases
from aroundl1% at low V., to 20% at highWW,,,. The part of the uncertainty which is uncorre-
lated between different data points contribli€8% to the systematic error. The statistical error
is larger than the systematic error in the regidgrn> 5.5 GeV2.

4 Results

4.1 Cross Sections

The differential cross sectiatv /dt for the processp — eJ /1Y is obtained from the number
of data events in each measurement interval after correcfior backgrounds and detector
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effects, divided by the integrated luminosity, the brangHraction and the width of the interval.
The cross section for the photoproduction process— J/¢Y is obtained by dividing the
differential ep cross section by the effective photon flix][28] integratedranelV.,, and Q?
ranges of the measurement. QED radiative effects are dstinta be less thah% and are
neglected. The differential photoproduction cross sectio/dt is shown in figur€l3 and tablé 1
for the kinematic regiors0 < W,, < 150 GeV andz > 0.95. The data are plotted at the
mean value in eachinterval according to a parameterisation of the data. Inréigéon |¢t| >
3.45 GeV?, the data in figur€l3 are adequately described by a power-émpertience of the
form A - |t|~™ wheren = 3.00 £ 0.08 (stat.) £0.05 (syst.). When the power-law fit is repeated,
each time increasing the starting value |dfin the fit, the value ofn is found to increase
systematically up to a value of = 3.78 £ 0.17 (stat.) 4= 0.06 (syst.) for |t| > 10.4 GeVZ.
The data are incompatible with an exponential behavibufdt o e which was found to
give a reasonable description of the proton dissociatjue cross section at lower values [of
(|t| <5 GeV?) [Q].

In figure[3 the data are compared with the predictions from pQ@@lculations in the BFKL
leading logarithmic approximation [15] (solid curve), imding non-leading corrections with
fixed o, [15] (dashed curve) and including non-leading correctiitl runningo; [15] (dot-
ted curve). The dependence and normalisation of the data are well deschpélde BFKL

LL approximation when the parameters of the model are setloeg consistent with those
extracted from a fit[12] to various vector meson proton digston data at HERA covering a
smaller|t| range[14], i.e. the scale parameter is sdtip= My /2 anda is fixed at0.18. The
normalisation uncertainty due to the choicel®f is large. For example, usind, = My /4
(Woy = My) leads to an increase (decrease) in the normalisation gérédiction by a factor
of approximately two. The inclusion of NL corrections witHiged strong couplingy, leads

to only a small difference with respect to the LL predictidtowever, with a runningy, thet
dependence becomes steeper and the prediction is unaldedioled the data across the whole
t range. The uncertainties in the choice of the scale paranpetton parton density and other
parameters used in the NL calculation have only a small efiethe shape of the predictions in
comparison to the treatment @f. The data are also compared with calculations in the DGLAP
LL approximation[[13] (dashed-dotted curve) in the regibuadidity for the modelt| < Mg/w.
The data are well described in shape and normalisation wieesefparation parametgy which
represents the value o&t which the prediction for proton dissociation matchestlastic cross
section, is set te-0.60 GeV?2.

The ZEUS collaboration has recently published data on tffeadiive production of.J/v
mesons with proton dissociation in the rarige < |t| < 6.5 GeV?, 80 < W, < 120 GeV and
x, = |t]/(W2,(1 — z)) > 0.01 [14]. When the present analysis is performed in this kinénat
region, good agreement between the H1 and ZEUS results és\aduks

In figure[4 and tablels 2[d 4, the cross sectiop.. ;/,y iS presented as a function o, for
three ranges of in the kinematic regionr > 0.95. The data in each range are consistent
with a power-law dependence of the formx W:fp and the results of power-law fits férare
given in tabldb. The contribution from correlated systamatrors is calculated by shifting
the data points according to each source of uncertaintyegehting the fits. The values of the
powers in eacht range are similar to the results from the proton elasticgssdor./ /) mesons
at low |t| measured over a similar range 1df,, [29]. In a Regge pole model, the power-law
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dependence can be expressedlasdt = F(z&)I/I/'fﬁ(t)_4 where F'(t) is a function oft only.
The value ofa(t) at eacht value is obtained from = (0 + 4)/4 and is also shown in tabfé 5.
Assuming a single effective Pomeron trajectory of the lifeem «(t) = «(0) + o't, afit to the
threea values yields a slope af’ = —0.0135 4 0.0074 (stat.) 4= 0.0051 (syst.) GeV~2 with

an intercept ofy(0) = 1.167 4 0.048 (stat.) = 0.024(syst.). The value of the slope parameter
o/ is lower than that observed for the elastic photoproduatifos/«) mesons at lowt| [30]. It

is also significantly different from observations at Ip\vin hadron-hadron scattering, where a
value ofa’ = 0.26 £ 0.02 GeV~2 [31] was obtained.

In figure[4 the data are compared with the BFKL theoreticadljgtéons for the LL approxima-
tion (solid curve) and the LL+NL prediction with fixed, (dashed curve). The data are also
compared with the DGLAP LL predictions (dashed-dotted eurihe BFKL LL contribution
gives a reasonable description of the energy dependenueptefor the loweslt| range where

it is steeper than the data. The BFKL LL+NL prediction withefiko, is similar to that of
the BFKL LL prediction. The DGLAP LL model, which is valid irhé rangelt| < Mﬁ/w,
describes the energy dependence in the loyésange,2 < [t| < 5 GeVZ2. In the region

5 < [t| < 10 GeV?, wherelt| approacheMﬁ/w, the description becomes worse.

4.2 Spin Density Matrix Elements

The polar ¢*) and azimuthal ¢*) decay angular distributions are measured in the rest frame

of the J/¢ with the quantisation axis taken as the direction of the mésdahe photon-proton

centre-of-mass frame (helicity frame). The normalised-tiaensional angular distribution

for the decay of the//¢) meson to fermions is written in terms of spin density matteeents

r94, 01, andRe{r{4} [32] as
1 d?% 3 (1

1 .
5(1 + 7’83) - 5(37“861 -1) cos® (1)

o dcos 0*do* " in
+V2Re{r{3} sin 26* cos ¢* + | sin? 6* cos 2¢*) .

The one-dimensional distributions are obtained by inti&ggavercos 8* or ¢* and giv% o
1755+ (1=3rg5) cos® 0% and g7 oc 14771, cos 2¢*. Under the assumption efchannel helic-
ity conservation (SCHC), thé/:) meson in photoproduction is expected to be fully trans\verse
polarised and the matrix elementy, r{*, andRe{r{3} are zero.

The spin density matrix elements are extracted by a two-dso@al log likelihood fit of the
data to equatiori]1). The normalised single differentiatributions incos #* and¢* are shown
in figure[® for three ranges of The dashed curve on the figure shows the expectation from
SCHC and the solid curves show the results of the two-dino@asfit. The values of the three
extracted matrix elements are shown in figure 6 and {dble Gasction of |t|. Measurements
from the ZEUS collaboration of the spin density matrix elamsefor the photoproduction ¢f
and J /¢ mesons[[14] are also shown in the figure. In contrast tpth@eson, the measured
spin density matrix elements of th&'y» meson are all compatible with zero, within experi-
mental errors, and are thus compatible with SCHC. The results are therefore consistent
with the longitudinal momentum of the photon being sharadmgtrically between the heavy
quarks. Hence, the approximations made in the pQCD mad@|d1112 173, 15] for the/ /v
wavefunction are satisfactory for the present data.
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5 Summary

The differential cross sectiatv /dt for the diffractive photoproduction of /1) mesons has been
measured as a function of the momentum transfer squafiredn || = 2 GeV? up to values
as large a$t| = 30 GeV? in the kinematic region > 0.95 and50 < W.,, < 150 GeV. The
data are well described in this region by pQCD calculatid®j {ising the leading logarithmic
BFKL equation with parameters consistent with a fit to vect@son proton dissociation data
at HERA [14]. The addition of non-leading corrections press the description of the data if
the strong couplingy; is held fixed. The data in the regiot} < Mﬁ/w are well described by a
model [13] based on DGLAP evolution.

The cross section has also been measured as a functidn,of threet intervals. The energy
dependence shows a similar steep rise to that observedsiioel /) production at lowt¢| [29]

and the rise persists to the largéstvalues studied. The energy dependence is reasonably
described by the BFKL model with the chosen parameters p¢foethe lowestt| range (¢| <

5 GeV?). The DGLAP model describes the energy dependence in tige fdn< 5 GeV?2,

The measurement of the effective Pomeron trajectory a¢ |&rgields a slope ofy’ = —0.0135+
0.0074(stat.) + 0.0051(syst.) GeV~2. This is lower than that observed for elasfi¢y pho-
toproduction at lowj¢| [30] and also lower than the slope obtained from hadronittestag
(o/ = 0.26 £ 0.02 GeV~2 [31]). The observation of the effective slope being smatidmpati-
ble with the predictions of models based on BFKL evolutiofi][1

The spin density matrix elements of thig:y) have been extracted in three regions.ofThe
results are found to be consistent wittthannel helicity conservation within the experimen-
tal uncertainties and, therefore, are compatible with reoffi€,[11/12] 13, 15] in which the
longitudinal momentum of the photon is shared symmetsidagtween the quarks of thg/1) .

Acknowledgements

We are grateful to the HERA machine group whose outstandiog®have made and continue
to make this experiment possible. We thank the engineerdeafuhicians for their work in
constructing and maintaining the H1 detector, our fundiggneies for financial support, the
DESY technical staff for continual assistance and the DEB&ctbrate for support and for the
hospitality which they extend to the non-DESY members ofdbléaboration. We are grateful
to R. Enberg, J. R. Forshaw, L. Motyka, G. Poludniowski, Etd8w@n, E. Levin, U. Maor and
E. Naftali for providing us with the results of their modetsdafor productive discussions.

11



References

[1] E. A. Kuraey, L. N. Lipatov and V. S. Fadin, Sov. Phys. JEA4(1976) 443 [Zh. Eksp.
Teor. Fiz.71 (1976) 840];
E. A. Kuraev, L. N. Lipatov and V. S. Fadin, Sov. Phys. JEEBR(1977) 199 [Zh. Eksp.
Teor. Fiz.72 (1977) 377];
[. 1. Balitsky and L. N. Lipatov, Sov. J. Nucl. Phy&8 (1978) 822 [Yad. Fiz28 (1978)
1597].

[2] V. N. Gribov and L. N. Lipatov, Yad. Fiz15 (1972) 781 and 1218 [Sov. J. Nucl. Phys.
(1972) 438 and 675];
Y. L. Dokshitzer, Sov. Phys. JET45 (1977) 641 [Zh. Eksp. Teor. Fiz3 (1977) 1216];
G. Altarelliand G. Parisi, Nucl. Phys. B6 (1977) 298.

[3] C. Adloff et al.[H1 Collaboration], Nucl. Phys. B38 (1999) 3 |hep-ex/9809028].

[4] C. Adloff et al.[H1 Collaboration], Phys. Lett. B62 (1999) 440 |hep-ex/9907030].

[5] M. Derrick et al.[ZEUS Collaboration], Phys. Lett. B69 (1996) 55 [hep-ex/9510012].

[6] R. Enberg, G. Ingelman and L. Motyka, Phys. Lettc8! (2002) 273|[hep-ph/0111090].

[7] B. Cox, J. Forshaw and L. Lonnblad, JHE810 (1999) 023||hep-ph/9908464].

[8] C. Adloff et al.[H1 Collaboration], Eur. Phys. J. 24 (2002) 517 |[hep-ex/0203011].

[9] C. Adloff et al.[H1 Collaboration], Phys. Lett. B41 (2002) 251 [hep-ex/0205107].
[10] J. R. Forshaw and M. G. Ryskin, Z. Phys68(1995) 137|hep-ph/9501376].

[11] J. Bartels, J. R. Forshaw, H. Lotter and M. Wisthoffy®hLett. B 375 (1996) 301
[hep-ph/96012C1].

[12] J. R. Forshaw and G. Poludniowski, Eur. Phys. 26¢2003) 411 [hep-ph/0107068].

[13] E. Gotsman, E. Levin, U. Maor and E. Naftali, Phys. Le®. 532 (2002) 37
[hep-ph/0110256].

[14] S. Chekanoet al.[ZEUS Collaboration], Eur. Phys. J.Z6 (2003) 389||hep-ex/0205081].

[15] R. Enberg, L. Motyka and G. Poludniowski, Eur. Phys. J. 26 (2002) 219
[hep-ph/0207027].

[16] L. Motyka, A. D. Martin and M. G. Ryskin, Phys. Lett. B24 (2002) 107
[hep-ph/0110273].

[17] M. G. Ryskin, Z. Phys. G57 (1993) 89.

[18] E. V. Kuraev, N. N. Nikolaev and B. G. Zakharov, JETP Lé8& (1998) 696 [Pisma Zh.
Eksp. Teor. Fiz68 (1998) 667] [hep-ph/9809539].

[19] I. Abt et al.[H1 Collaboration], Nucl. Instrum. Meth. 886 (1997) 310 and 348.
12


http://arXiv.org/abs/hep-ex/9809028
http://arXiv.org/abs/hep-ex/9907030
http://arXiv.org/abs/hep-ex/9510012
http://arXiv.org/abs/hep-ph/0111090
http://arXiv.org/abs/hep-ph/9908464
http://arXiv.org/abs/hep-ex/0203011
http://arXiv.org/abs/hep-ex/0205107
http://arXiv.org/abs/hep-ph/9501376
http://arXiv.org/abs/hep-ph/9601201
http://arXiv.org/abs/hep-ph/0107068
http://arXiv.org/abs/hep-ph/0110256
http://arXiv.org/abs/hep-ex/0205081
http://arXiv.org/abs/hep-ph/0207027
http://arXiv.org/abs/hep-ph/0110273
http://arXiv.org/abs/hep-ph/9809539

[20] T. Nichollset al.[H1 SPACAL Group Collaboration], Nucl. Instrum. Meth.3Y4 (1996)
149.

[21] K. Hagiwaraet al.[Particle Data Group], Phys. Rev.@ (2002) 010001.
[22] R. Brun, F. Bruyant, M. Maire, A. C. McPherson and P. ZamaCERN-DD/EE/84-1.

[23] L.R. West,Talk presented at “Workshop on Monte Carlo Generators folRAEPhysics”,
Hamburg, Germany, 27-30 Apr 1998
(available from http://www.desy.deneramc/mclist.html)

[24] M. Gluck, E. Reya and A. Vogt, Z. Phys.&7 (1995) 433.
[25] T. Sjostrand, Comput. Phys. Comm&2.(1994) 74.

[26] B. List and A. Mastroberardindrepared for “Workshop on Monte Carlo Generators for
HERA Physics”, Hamburg, Germany, 27-30 Apr 1998

[27] S. P. Baranov, O. Dunger, H. Shooshtari and J. A. M. \ésenen, “LPAIR: A generator
for lepton pair production”, In “Hamburg 1991, ProceedinBiysics at HERA, vol. 3”
1478-1482. (see HIGH ENERGY PHYSICS INDEX 30 (1992) No. 12098

[28] V. M. Budney, I. F. Ginzburg, G. V. Meledin and V. G. Serlihys. Reptl5 (1974) 181.
[29] C. Adloff et al.[H1 Collaboration], Phys. Lett. B83 (2000) 23 |hep-ex/0003020].

[30] S. Chekanoet al.[ZEUS Collaboration], Eur. Phys. J.Z4 (2002) 345 |hep-ex/0201043].
[31] F. Abeet al.[CDF Collaboration], Phys. Rev. B0 (1994) 5518.

[32] K. Schilling and G. Wolf, Nucl. Phys. B1 (1973) 381.

13


http://www.desy.de~heramc/mclist.html
http://arXiv.org/abs/hep-ex/0003020
http://arXiv.org/abs/hep-ex/0201043

|t| range| (|t]) do/dt

(GeV?) | (GeV?) (nb/GeV?)
2-3 2.43 5.10 £ 0.29 £0.65
3—4 3.45 3.08+0.23 £0.39
4—-5 4.46 1.47£0.15+0.18
5—6 5.47 0.87+0.12£0.11
6—7 6.47 0.610 £ 0.099 + 0.074
7T—9 7.92 0.285 4+ 0.046 + 0.034
9—-12 10.4 0.151 £0.026 £ 0.017

12 -15 13.4 0.093 £ 0.020 £ 0.010

15 —-21 17.7 1 0.0236 £ 0.0067 £ 0.0027

21 —30 25.0 | 0.0045 £ 0.0023 £ 0.0005

Table 1: The differential photoproduction cross sectidm/d¢ in the kinematic range
50 < W,, < 150 GeV andz > 0.95. The first uncertainty is statistical and the second is

systematic.

W, range| (W) Tvp

(GeV) (GeV) (nb)

50 — 68 58.4 | 7.26+0.57+0.85

68 — 86 76.5 | 8.114+0.68 +0.90
86— 104 | 94.6 | 9.22+0.87+1.06
104 —122 | 113 135+14+1.7
122 —140 | 131 13.0+£1.8+1.9
140 — 160 | 150 140+22+24

Table 2: The photoproduction cross section as a functidivgfintegrated over the kinematic
range2 < |t| < 5 GeV? andz > 0.95. The first uncertainty is statistical and the second is
systematic.

W, range | (W) Tp
(GeV) (GeV) (nb)

50 — 82.5 64.4 | 1.24+0.18 +0.14
825 —115 | 974 |2.754+0.35+0.31
115 —-147.5 | 130 | 3.98+0.69 £ 0.57
1475 —180 | 163 | 3.26 £0.98 £ 0.58

Table 3: The photoproduction cross section as a functidivgfintegrated over the kinematic
rangeb < |t| < 10 GeV? andz > 0.95. The first uncertainty is statistical and the second is
systematic.
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W.p range| (W) Tp

(GeV) (GeV) (nb)
50 —100 | 71.0 | 0.499 £ 0.093 £ 0.060
100 — 150 | 122 0.94£0.19+£0.13
150 — 200 | 173 1.62 £ 0.52 £ 0.38

Table 4: The photoproduction cross section as a functidivgfintegrated over the kinematic
rangel0 < |{| < 30 GeV? andz > 0.95. The first uncertainty is statistical and the second is
systematic.

iTrange (1) ;
(GeV?) | (GeV?)

2—5 3.06 0.77+0.14 £0.10 | 1.193 £0.035 £ 0.025
5—10 6.93 1.294+0.234+0.16 | 1.322 4 0.057 4+ 0.040
10 — 30 16.5 1.284+0.394+0.36 | 1.322 +0.097 4+ 0.090

«

Table 5: The value of obtained when applying a fit to the data of the forW’,,,) oc W.,,,° for
each|t| range, together with the corresponding valueraibtained fromy = (§ + 4)/4. The
first uncertainty is statistical and the second is systemati

t
o 9 T Re{rf}
3.06 | —0.047+0.067£0.009 | 0.01 £0.124+0.04 | 0.022 £ 0.069 £ 0.035
6.93 —0.07£0.14+0.07 | —=0.03£0.17x=0.02 | 0.06 £0.1240.05
16.5 —0.19 £ 0.22 £ 0.12 0.04£0.28+0.04 | —0.08£0.19+£0.08

Table 6: The spin density matrix elements for the kinematnges0 < W, < 150 GeV and
z > 0.95. The first uncertainty is statistical and the second is syate. The data are quoted
at the averagé| values over the ranges given in table 5.
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Figure 1: Theu* .~ invariant mass distribution in the kinematic registh< W.,, < 150 GeV,

z > 0.95 and|t| > 2 GeV?2. The histogram shows the sum of the Monte Carlo simulatiéns o
J /v production using HITVM (open histogram), the contributfoam lepton pair production as
simulated by the LPAIR program (dark shaded histogram) heaontribution from diffractive

1 (2S5) events as simulated with the DIFFVM program (light shadestidgiram).
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Figure 2: Kinematic distributions of the dimuon sample ie thass range.9 < M,+,- <
3.3 GeV. a) The polar anglé” and b) the transverse momentyrthof the muon tracks. c)
The elasticityz and d) the photon-proton centre-of-mass enéfgy. e) The distribution of the
cosine of the polar angle and f) the azimuthal distributibtine positively charged decay muon
in the helicity frame. g) The distribution of the squared don transverse momentum.

17



c\II'_1
2 0 e Data H1
o [ e — BFKLLL (fixed a,)
= SN — - BFKL LL + NL (fixed a)
5 1| N e BFKL LL + NL (running a,)
= i --— DGLAP LL
> i
9_ -
= I
) i
!
10 ¢
s |
b L
s I
-2
10 ¢
. L1 Ll e
2 10 20 0

3
It| [GeV]

Figure 3: The photon-proton differential cross sectiloryd¢ for .J/+ production in the kine-
matic range50 < W,, < 150 GeV, |t| > 2.0 GeV* andz > 0.95. The inner error bars
correspond to the statistical error and the outer error &i@she statistical and systematic er-
rors added in quadrature. The solid line shows the predi¢tam the BFKL calculation in the
leading logarithmic approximation for fixed, [15]. The dashed (dotted) curve corresponds to
the BFKL calculation including non-leading correctiongdarsing a fixed (runningj, [15].
The dashed-dotted curve, shown in the rafge< M7, , shows a calculation based on the
DGLAP equation in the leading logarithmic approximatipf]j1
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Figure 4: The photon-proton cross section as a functioi/gf in three bins ofjt|. The in-
ner error bars correspond to the statistical error and tier @uror bars are the statistical and
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calculation in the leading logarithmic approximation ahé tdashed lines correspond to the
BFKL calculation including non-leading corrections usefixeda, [15]. The dashed-dotted
curve is the result of a calculation based on the DGLAP equoat the leading logarithmic

approximation[[13].
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Figure 5: Normalised decay angular distributions fgi) meson production in three bins of
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column (a,c,e) shows the azimuthal distributions of thetpady charged decay muon in the
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text). The shaded band represents the statistical unagrfar the fit. The dashed line shows
the expectation from-channel helicity conservation.
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