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Abstract

Inclusive non-diffractive photoproduction of�(770)0, K�(892)0 and�(1020) mesons is
investigated with the H1 detector inep collisions at HERA. The corresponding averagep
centre-of-mass energy is210 GeV. The mesons are measured in the transverse momentum
range0:5 < pT < 7 GeV and the rapidity rangejylabj < 1. Differential cross sections
are presented as a function of transverse momentum and rapidity, and are compared to the
predictions of hadroproduction models.

Accepted byPhys. Lett.B

http://arXiv.org/abs/0901.0477v2


F.D. Aaron5;49, C. Alexa5, V. Andreev25, B. Antunovic11, S. Aplin11, A. Asmone33,
A. Astvatsatourov4, S. Backovic30, A. Baghdasaryan38, E. Barrelet29, W. Bartel11,
K. Begzsuren35, O. Behnke14, A. Belousov25, N. Berger40, J.C. Bizot27, V. Boudry28,
I. Bozovic-Jelisavcic2, J. Bracinik3, G. Brandt11, M. Brinkmann11, V. Brisson27, D. Bruncko16,
A. Bunyatyan13;38, G. Buschhorn26, L. Bystritskaya24, A.J. Campbell11, K.B. Cantun Avila22,
F. Cassol-Brunner21, K. Cerny32, V. Cerny16;47, V. Chekelian26, A. Cholewa11,
J.G. Contreras22, J.A. Coughlan6, G. Cozzika10, J. Cvach31, J.B. Dainton18, K. Daum37;43,
M. Deák11, Y. de Boer11, B. Delcourt27, M. Del Degan40, J. Delvax4, A. De Roeck11;45,
E.A. De Wolf4, C. Diaconu21, V. Dodonov13, A. Dossanov26, A. Dubak30;46, G. Eckerlin11,
V. Efremenko24, S. Egli36, A. Eliseev25, E. Elsen11, A. Falkiewicz7, P.J.W. Faulkner3,
L. Favart4, A. Fedotov24, R. Felst11, J. Feltesse10;48, J. Ferencei16, D.-J. Fischer11,
M. Fleischer11, A. Fomenko25, E. Gabathuler18, J. Gayler11, S. Ghazaryan38, A. Glazov11,
I. Glushkov39, L. Goerlich7, N. Gogitidze25, M. Gouzevitch28, C. Grab40, T. Greenshaw18,
B.R. Grell11, G. Grindhammer26, S. Habib12;50, D. Haidt11, M. Hansson20, C. Helebrant11,
R.C.W. Henderson17, E. Hennekemper15, H. Henschel39, M. Herbst15, G. Herrera23,
M. Hildebrandt36, K.H. Hiller39, D. Hoffmann21, R. Horisberger36, T. Hreus4;44, M. Jacquet27,
M.E. Janssen11, X. Janssen4, V. Jemanov12, L. Jönsson20, A.W. Jung15, H. Jung11,
M. Kapichine9, J. Katzy11, I.R. Kenyon3, C. Kiesling26, M. Klein18, C. Kleinwort11,
T. Kluge18, A. Knutsson11, R. Kogler26, V. Korbel11, P. Kostka39, M. Kraemer11, K. Krastev11,
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1 Introduction

High energy particle collisions, which give rise to large multiplicities of produced hadrons, pro-
vide an opportunity to study the hadronisation process, whereby the quarks and gluons produced
in the initial interaction become colourless hadrons. Since most of these hadrons are produced
at low values of transverse momentum, perturbative quantumchromodynamics (pQCD) is not
applicable to this process, which is described instead using phenomenological models, the most
successful of which are the string [1] and the cluster [2] fragmentation models. These can pro-
vide a reasonable description of the hadronisation processprovided the many free parameters
they contain are tuned to the data.

The production of long-lived hadrons and resonances at highenergies has been studied in
detail in electron-positron (e+e�) collisions at LEP usingZ0 decays [3]. Measurements in high
energy hadronic interactions have so far been restricted tolong-lived hadrons and hadrons con-
taining heavy quarks. Recently, the production of the hadronic resonances�(770)0, K�(892)0
and�(1020) has been measured in heavy-ion and proton-proton (pp) collisions at RHIC [4].
The electron-proton (ep) collider HERA allows the study of particle production in quasi-real
photon-proton (p) collisions. The comparison of RHIC and HERA results is of particular in-
terest, since the nuclear density at HERA is much lower than that at RHIC while thep and
nucleon-nucleon collision energies are similar.

In this paper, measurements of the inclusive non-diffractive photoproduction of the reso-
nances�(770)0,K�(892)0 and�(1020) at HERA are presented for the first time. The measure-
ments are based on the data recorded with the H1 detector during the year 2000, when positrons
of energy27:6 GeV collided with920 GeV protons at anep centre-of-mass energy of319 GeV,
providing on average ap centre-of-mass energy ofhW i = 210 GeV. The data correspond to
an integrated luminosity ofL = 36:5 pb�1.
2 Phenomenology and Monte Carlo Simulation

The H1 coordinate system has as its origin the position of thenominal interaction vertex. The
outgoing proton beam direction defines the positivez-axis and is also referred to as the “for-
ward” direction. The polar angle� is defined with respect to this direction. The pseudorapidity
is given by�lab = � ln(tan(�=2)). The laboratory frame rapidityylab of a particle with energyE and longitudinal momentumpz is given byylab = 0:5 ln[(E + pz)=(E � pz)℄.

The invariant differential cross section for meson production can be expressed as a function
of the meson’s transverse momentumpT and its rapidityylab, assuming azimuthal symmetry.
Hadrons produced in hadronic collisions are approximatelyuniformly distributed in the central
rapidity range, while their transverse momentum spectra fall steeply with increasingpT . It is
convenient to parametrise the invariant differential cross section of the produced hadrons with
a power law distribution, 1� d2�pdp2T dylab = A(ET0 + EkinT )n ; (1)
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whereEkinT = pm20 + p2T � m0 is the transverse kinetic energy,m0 is the nominal reso-
nance mass,A is a normalisation factor independent ofpT andET0 a free parameter. WhenEkinT . ET0 , the power law function (1) behaves like a Boltzmann distributionexp(�EkinT =T ),
with T = ET0=n. This exponential behaviour of hadronic spectra follows from a thermody-
namic model of hadroproduction [5]. In this framework, the parameterT plays the role of the
temperature at which hadronisation takes place. At highEkinT , the power law originates from a
convolution of the parton densities of the colliding particles with the cross sections of parton-
parton interactions. The normalisation coefficientA is related to the single differential cross
sectiond�=dylab obtained after the integrating equation (1) overp2T :A = d�dylab (n� 1)(n� 2)(ET0)n�12�(ET0 + (n� 2)m0) : (2)

Monte Carlo calculations are used both to correct the data and in comparisons with the measure-
ments. Direct and resolved photoproduction events are simulated using the PYTHIA [6] and
the PHOJET [7] Monte Carlo generators. In both cases, the hadronisation is based on the string
fragmentation model [8]. For data corrections, the parameter settings obtained by the ALEPH
collaboration [9] are used for the fragmentation of partons. The effects of Bose-Einstein corre-
lations (BEC) on the invariant mass spectra of like-sign andunlike-sign pion pairs are included
using a Gaussian parametrisation of the correlation function [9]. The photoproduction events
generated using PYTHIA and PHOJET are passed through the simulation of the H1 detector
based on GEANT [10] and through the same reconstruction and analysis chain as used for the
data.

3 Experimental Conditions

3.1 H1 Detector

The H1 detector is described in detail elsewhere [11]. A brief account of the components that
are most relevant to the present analysis is given here.

The ep interaction region is surrounded by two large concentric drift chambers (CJCs),
operated inside a1:16 T solenoidal magnetic field. Charged particles are measuredin the pseu-
dorapidity range�1:5 < �lab < 1:5 with a transverse momentum resolution of�pT =pT �0:005 � pT=GeV � 0:015 [12]. The specific energy lossdE=dx of the charged particles is
measured in this detector with a relative resolution of7:5% for a minimum ionising track [13].

A finely segmented electromagnetic and hadronic liquid argon calorimeter (LAr) covers the
range�1:5 < �lab < 3:4. The energy resolution of this calorimeter is�(E)=E = 0:11=pE=GeV
for electromagnetic showers and�(E)=E = 0:50=pE=GeV for hadrons as measured in test
beams [14].

Photoproduction events are selected with a crystalC̆erenkov calorimeter (positron tagger)
located close to the beam pipe atz = �33:4 m, which measures the energy deposited by
positrons scattered at angles of less than5 mrad. AnotherC̆erenkov calorimeter, located atz = �103 m (photon tagger), is used to determine the luminosity by measuring the rate of
photons emitted in the Bethe-Heitler processep! ep.

5



3.2 Event Selection

Photoproduction events are selected by a trigger which requires a scattered positron to be mea-
sured in the positron tagger, an event vertex determined from charged tracks and three or more
charged tracks reconstructed in the CJCs, each with transverse momentumpT > 0:4 GeV. The
photon virtualityQ2 is smaller than0:01 GeV2, due to the positron tagger acceptance. The pho-
ton energy is determined from the difference between the positron beam energy and the energy
measured in the positron tagger.

In order to reduce the non-ep background and to ensure good reconstruction of the event
kinematics, the following criteria are applied:� Events are selected if the reconstructedp centre-of-mass energy lies within the interval174 < W < 256 GeV for which good positron detection efficiency is established. This

corresponds to an averagep centre-of-mass energy ofhW i = 210 GeV.� Events are rejected if a photon with energyE > 2 GeV is detected in the photon tag-
ger. This suppresses the background arising from random coincidences of Bethe-Heitler
events in the positron tagger with beam-gas interactions inthe main H1 detector.� Events are selected if thez coordinate of the event vertex, reconstructed using the CJCs,
lies within35 cm of the mean position forep interactions.

Background from elastic and diffractive events is suppressed by the above trigger require-
ments. To further reduce the contribution of diffractive processes, the presence of an en-
ergy deposit of at least500 MeV is required in the forward region of the LAr, defined by2:03 < �lab < 3:26. Monte Carlo studies show that, with this requirement, lessthan1% of the
final event sample consists of diffractive events withXIP < 0:05, whereXIP = M2X=W 2 andMX is the invariant mass of the diffractive system.

In total, about1:8� 106 events satisfy the above selection criteria.

3.3 Selection of �(770)0, K�(892)0 and �(1020) Mesons

The mesons are identified using the�(770)0 ! �+��, K�(892)0 ! K+�� or K�(892)0 !K��+ and�(1020) ! K+K� decays1. Charged tracks reconstructed in the CJCs withpT >0:15 GeV and pseudorapidityj�labj < 1:5 are considered as charged pion or kaon candidates.
Since most of the charged particles inep collisions are pions, no attempt to identify pions is
made, while identification criteria for charged kaons are applied for the extraction of theK�0
and� signals. This is done by measuring the momentum-dependent specific energy lossdE=dx
in the CJCs. This method gives a significant improvement in the signal-to-background ratio
for low pT mesons,pT < 1:5 GeV, where thedE=dx resolution allows good particle identi-
fication. For highpT mesons,pT > 1:5 GeV, thedE=dx method is inefficient and therefore

1In the following, the notationK�0 is used to refer to both theK�0 andK�0
mesons unless explicitly stated

otherwise.
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particle identification criteria are not applied. Such tracks are considered as both pion and kaon
candidates and their four-momenta are determined from the track measurements using the cor-
responding mass hypothesis [15]. Vector meson candidates are reconstructed from these four-
momenta. The kinematic range for the reconstructed neutralmesons is restricted tojylabj < 1
andpT > 0:5 GeV.

To extract the�0,K�0 and� signals, the distributions of respective invariant massesof their
decay products,m�+�� , mK��� andmK+K�, are fitted using a function composed of three
parts: F (m) = B(m) +XR(m) +XS(m): (3)

The terms correspond to contributions from the combinatorial background,B(m), from reflec-
tions which result from decays other than the signal under consideration,R(m), and from the
relevant signal,S(m), respectively.

The combinatorial background function is taken to be:B(m) = (a0 + a1m+ a2m2 + a3m3) �B0(m) ;
wherea0, a1, a2 anda3 are free parameters, andB0(m) is the invariant mass distribution of the
like-sign charged particle combinations:���� for the�0 andK��� for theK�0. The shape of
the combinatorial background for� is described by the following function:B(m) = b1(m2 � 4m2K)b2e�b3m ;
whereb1, b2 andb3 are free parameters andmK is the kaon mass.

The second term,
PR(m), in (3) represents the sum of the reflections; for example, charged

particles from the decayK�0 ! K��� with the kaon misidentified as a charged pion will
give rise to structure in them�+�� spectrum and must be taken into account as a separate
contribution. In addition, there are two other contributions to them�+�� spectrum in the mass
region of interest. These arise from the decays!(782) ! �+�� and!(782) ! �+���0 in
which the�0 is not observed. For the!(782) meson, the production rate relative to that of the�0 is varied within the range1:0�0:2, which is consistent with measurements of the!(782)=�0
ratio in hadronic collisions [16] and inZ0 boson decays [17]. The!(782) branching ratios
are taken from [15]. The five major reflections in themK��� spectrum are due to: the decay�0 ! �+�� with the�+ or�� misidentified as a charged kaon; the decays!(782)! �+�� and!(782)! �+���0 with the�0 not observed and with one of the�+ or�� mesons misidentified
as a charged kaon; the decay� ! K+K� with one of the kaons misidentified as a charged
pion and a self-reflection from theK�0, where the pion and kaon are interchanged. For themK+K� spectrum, there are no reflections from known resonances in the invariant mass region
of interest. Therefore, the shapes of the reflections are taken from Monte Carlo calculations.
The contribution of the reflections from the�0,K�0 and� mesons is tied to the production rates
determined in this analysis and is therefore iteratively calculated.

The functionS(m) used to describe the signal in (3) is a convolution of a relativistic Breit-
Wigner functionBW (m) and a detector resolution functionr(m;m0). The relativistic Breit-
Wigner function BW (m) = A0 m0m�(m)(m2 �m20)2 +m20 �2(m) ; (4)
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is used with �(m) = �0� qq0�2l+1 m0m ;
whereA0 is a normalisation factor,�0 is the resonance width,l = 1 for vector mesons,m0 is the
resonance mass,q is the momentum of the decay products in the rest frame of the parent meson,
andq0 is their momentum atm = m0. The cross sections cited in this paper assume that the
meson signal is defined as the integral of the relativistic Breit-Wigner function (4) in the region�2:5�0 around the massm0. Monte Carlo studies show that a non-relativistic Breit-Wigner
function with width�res provides a good description of the detector resolution function:r(m;m0) = 12� �res(m�m0)2 + (�res=2)2 : (5)

For theK�0 analysis, the resolution parameter is determined from Monte Carlo with�res =12 MeV. It is small compared to the width of theK�0 meson (50:3�0:6 MeV) [15], leading only
to a small change in the shape of the resonance. For the�, �res is comparable to the width of
the� meson (�0 = 4:26� 0:05 MeV) [15]. As a result, the shape of the� signal is significantly
changed, and hence the detector resolution�res is taken as a free parameter in the fit. It is found
to vary from3:4 MeV to 6:0 MeV, increasing with thepT of the� meson.

For the�0 meson, the detector resolution is significantly smaller than its width. However,
BEC between the�0 decay pions and other pions in the event strongly distort the�0 line shape.
The BEC plays an important role in broadening the�0 mass peak and in shifting it towards
lower masses. Similar effects are observed inpp and heavy-ion collisions at RHIC [4] and ine+e� collisions at LEP usingZ0 decays [17]. It is therefore important to check that the Monte
Carlo model used for the extraction of the cross sections describes the di-pion spectra in the
data. The data spectra and the Monte Carlo simulations with and without BEC are shown in
figure 1. The Monte Carlo model with BEC is in a good agreement with the data in the region of
the�0 resonance, whereas the model without BEC fails to describe the di-pion mass spectrum.

The results of fitting the function (3) to them�+�� data in the mass range from0:45 to1:7 GeV with the contributions due to the combinatorial background and the reflections are
shown in figure 2a), and after combinatorial background subtraction in figure 2b). In this mass
range, the signal from theK0S, f0(980) andf2(1270) mesons is taken into account. TheK0S sig-
nal is fitted using a Gaussian centred on the nominal mass and with fixed width. The relativistic
Breit-Wigner function given in equation (4) is used for thef0(980) andf2(1270) mesons. In
the fit, the resonance massesm0 and the yields are free parameters. The�0 andf2(1270) widths
are fixed to the Particle Data Group [15] values and thef0(980) width is fixed to70 MeV. Due
to the small signal and the non-trivial background behaviour, which lead to large uncertainties,
cross sections forf0(980) andf2(1270) meson production are not measured here.

TheK�0 signal is measured under the assumption that there is no difference between the
particle and antiparticle production rates, and the signalobtained from themK��� spectrum is
divided by2 to determine theK�0 rate in the following. The result of fitting the function (3)
to themK��� data in the mass range from0:7 to 1:2 GeV with the contributions due to the
combinatorial background and the reflections is shown in figure 2c). In the fit, theK�0 width is
fixed to the nominal value while the mass parameter is left free. The result for theK�0 mass is
compatible with the world average [15].
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The result of fitting function (3) to themK+K� data in the mass range from0:99 to1:06 GeV,
together with the background contribution, is shown in figure 2d). In the fit, the� width,�0, is
fixed to the nominal value while the mass is left a free parameter and is found to be compatible
with the world average [15].

3.4 Cross Section Determination and Systematic Errors

The invariant differential cross section for�0, K�0 and� meson production is measured in
the ylab region from�1 to 1 in seven bins in transverse momentum from0:5 to 7 GeV. It is
calculated according to:1� d2�pdp2T dylab = N� � L �BR � � � � ��p2T ��ylab ;
whereN is the number of mesons from the fit in each bin. The corresponding bin widths are�ylab = 2 and�p2T = 2pbinT �pT . Bin centre corrections based on equation (1) are applied
to define the value ofpbinT at which the differential cross section is measured.L denotes the
integrated luminosity and� the efficiency. The branching fractionsBR are taken from [15] and
are equal to1, 0:67 and0:49 for �0 ! �+��, K�0 ! K��� and� ! K+K�, respectively.
The photon flux� = 0:0127 is calculated using the Weizsäcker-Williams approximation [18].

The single differential cross section for�0, K�0 and� meson production forpT > 0:5 GeV
is measured in four bins in rapidity from�1 to 1 according to:d�pdylab = NL �BR � � � � ��ylab :
Here, the bin width is�ylab = 0:5.

The fit procedure described in the previous section is repeated to determine the number of
mesons,N , in each measurement bin, calculated as an integral over thesignal function (4)
within�2:5�0 around the meson mass. Similarly, the total visible cross section for�0,K�0 and� meson production is measured from the number of mesons fittedin the rangejylabj < 1 andpT > 0:5 GeV.

The efficiency is given by� = �re � Aetag � A3 � �trig. The reconstruction efficiency for the
mesons,�re, includes the geometric acceptance and the efficiency for track reconstruction. It
is calculated using Monte Carlo data and is at least45% at low pT and rises to about90% with
increasingpT . For the acceptance determination, the Monte Carlo generators are reweighted
to model the observedpT -dependences. The average acceptance of the positron tagger, Aetag,
is about50%, as determined in [19]. The trigger acceptance,A3, arises from the requirement
that at least three tracks are reconstructed in the CJCs withpT > 0:4 GeV. It is determined
from Monte Carlo simulations with PYTHIA and PHOJET and varies from50% to 95%. The
trigger efficiency,�trig, is calculated from the data using monitor triggers. It is about90%. The
efficiencies and acceptances as calculated from the PYTHIA and PHOJET simulation are found
to be consistent. Small residual differences, attributed to different track multiplicity predictions,
are taken into account in the systematic uncertainties of the measurement.
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The statistical error varies from7 to 15% for the�0, 10 to 18% for theK�0 and13 to 24%
for the� meson cross sections. The systematic errors arise from the uncertainties in the track
reconstruction efficiency (4%) and the trigger efficiency (up to6%), the variation of thef0(980)
width by�30 MeV in the�0 fit (up to 7%), the uncertainties in thedE=dx kaon identification
procedure (6% for theK�0 and12% for the�) and the luminosity calculation (2%), the variation
of the background shape (5%) and the variation of the assumptions about the normalisation of
the contributions from the reflections (4% for the �0 and up to15% for theK�0). The total
systematic error varies from10 to 12% for the�0, 11 to 21% for theK�0 and10 to 17% for the� meson cross sections.

4 Results and Discussion

The inclusive non-diffractive photoproduction cross sections for�0(770),K�0(892) and�(1020)
mesons in the kinematic regionQ2 < 0:01 GeV2, 174 < W < 256 GeV, and forpT > 0:5 GeV
andjylabj < 1 are found to be:�pvis(p! �0X) = 25600� 1800� 2700 nb;�pvis(p! K�0X) = 6260� 350� 860 nb;�pvis(p! �X) = 2400� 180� 340 nb.

The first error is statistical and the second systematic. Note that theK�0 cross section is the
sum of the particle and antiparticle contributions dividedby 2.

The differential cross sections for the photoproduction of�0, K�0, and� mesons are pre-
sented in tables1 and2 and in figure 3. Within the rapidity range of this measurement, the
resonance production rates are constant as a function of rapidity, within errors. The transverse
momentum spectra of the�0, K�0 and� mesons can be parametrised by function (1), whered�=dylab in equation (2) corresponds to the average value of the crosssection over central ra-
pidities, hd�=dylabijylabj<1. In the fit, the value of the powern is fixed to be6:7, as derived
previously from measurements of charged particle spectra by the H1 collaboration [20] which
gaven = 6:7� 0:3. The power law distribution, with this value ofn, describesK0S meson,�0
baryon [21] andD�� meson production [22] at HERA, as is shown in figure 4. A similar shape
of the transverse momentum distribution, but with different values of the parametersn andET0 ,
was reported for charged particles produced in hadronic collisions [23]. The results of the fits of
the data to function (1) are shown in figure 3a). In table3, the parameters of the fit and the av-
erage transverse kinetic energyhEkinT i, the average transverse energyhET i = hEkinT i+m0 and
the average transverse momentumhpT i = phET i2 �m20 derived from (1) are presented. The
errors include the experimental uncertainty on the value ofn. Also given are thehpT i values
measured at RHIC inpp and Au-Au collisions [4] .

It is interesting to observe that the resonances with different masses, lifetimes and strangeness
content are produced with about the same value of the averagetransverse kinetic energyhEkinT i.
This observation supports the thermodynamic picture of hadronic interactions [5], in which
the primary hadrons are thermalised during the interaction. The values ofhpT i for �0, K�0
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and� mesons are similar inp andpp collisions with about the same centre-of-mass energyps � 200 GeV, while these values are all higher in Au-Au collisions.

The PYTHIA and PHOJET models do not describe the shape of the measuredpT spectra.
Moreover, contrary to the data, the Monte CarlopT spectra are not described by the power law
function (1). These observations are illustrated in figures3c) and 3d).

The measurements in the visible kinematic range of the�0, K�0 and � mesons,pT >0:5 GeV andjylabj < 1, are extrapolated to the fullpT range using the parametrisation (1)
to determine the total inclusive non-diffractive photoproduction cross sections. The extrapola-
tion factors are of order two. In the rapidity intervaljylabj < 1 and integrated over the fullpT
range the following cross section ratios are obtained:R(K�0=�0) = 0:221� 0:036 ;R(�=�0) = 0:078� 0:013 ;R(�=K�0) = 0:354� 0:060 :
The errors are given by the statistical and systematic errors added in quadrature. PYTHIA and
PHOJET, with the strangeness suppression factor�s = 0:286 [9], predict the ratios0:200, 0:055
and0:277, respectively, which are similar to the measured values, but are all somewhat lower
than these.

In table4,R(�=K�0) is compared to the corresponding ratios measured by STAR inpp and
Au-Au collisions [4] at

psNN = 200 GeV. Although the rapidity ranges at the H1 and RHIC
experiments differ2, the resulting ratios forpp andp interactions are very close. However, the
corresponding result in Au-Au collisions is observed to be higher.

5 Conclusions

First measurements of the inclusive non-diffractive photoproduction of�(770)0, K�(892)0 and�(1020) mesons at HERA are presented. The differential cross sections for the production of
these resonances as a function of transverse momentum are described by a power law distri-
bution while the single differential cross sections as a function of rapidity are observed to be
flat in the visible range. Despite their different masses, lifetimes and strangeness content, these
resonances are produced with about the same value of the average transverse kinetic energy.
This observation supports a thermodynamic picture of hadronic interactions.

The description of the shape of the�0 resonance produced inp collisions at HERA is
improved by taking Bose-Einstein correlations into account. A similar effect is observed inpp
and heavy-ion collisions at RHIC and ine+e� annihilation at LEP, usingZ0 decays.

The cross section ratiosR(K�0=�0),R(�=�0) andR(�=K�0) are determined, andR(�=K�0)
is compared to results obtained inpp and heavy-ion collisions by the STAR experiment at RHIC.
The ratioR(�=K�0) measured inp interactions is in agreement with thepp results, while this
ratio is observed to be smaller than the result obtained in Au-Au collisions.

2The difference in rapidity between the laboratory frame andthep frame is about two units at H1.
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1� d2�dp2T dylab [nb/(GeV)2℄pT [GeV] pbinT �0 (K�0 +K�0)=2 �[0:5; 0:75℄ 0:63 5610� 870� 590 1190� 130� 200 383� 54� 60[0:75; 1:0℄ 0:87 2440� 180� 260 621� 68� 80 264� 34� 37[1:0; 1:5℄ 1:22 680� 55� 70 176� 18� 21 76� 12� 11[1:5; 2:0℄ 1:72 142� 15� 15 48:0� 5:2� 5:1 19:1� 3:3� 1:9[2:0; 3:0℄ 2:41 29:9� 2:3� 3:1 8:96� 0:90� 0:98 3:48� 0:76� 0:34[3:0; 4:0℄ 3:43 3:06� 0:42� 0:33 1:21� 0:17� 0:14 0:46� 0:11� 0:08[4:0; 7:0℄ 5:09 0:276� 0:037� 0:033 0:079� 0:014� 0:009 0:0335� 0:0081� 0:0057
Table 1: Inclusive non-diffractive photoproduction invariant differential cross sectionsd2�=� dp2T dylab for �(770)0,K�(892)0 and�(1020) mesons in the rapidity rangejylabj < 1:0 in
bins ofpT . The first error is statistical and the second systematic. For each bin inpT the range
as well as the bin-centred valuepbinT are given.

d�=dylab [�b]ylab �0 (K�0 +K�0)=2 �[�1:0;�0:5℄ 11:0� 1:0� 1:2 3:36� 0:35� 0:72 1:44� 0:25� 0:22[�0:5; 0:0℄ 13:1� 1:1� 1:4 2:52� 0:27� 0:36 1:08� 0:12� 0:16[0:0; 0:5℄ 10:4� 1:5� 1:1 3:07� 0:30� 0:44 1:44� 0:13� 0:22[0:5; 1:0℄ 14:6� 1:3� 1:5 4:28� 0:44� 0:79 1:61� 0:33� 0:25
Table 2: Inclusive non-diffractive photoproduction single differential cross sectionsd�=dylab
for �(770)0, K�(892)0 and�(1020) mesons in the transverse momentum rangepT > 0:5 GeV
in bins ofylab. The first error is statistical and the second systematic.
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�0 (K�0 +K�0)=2 �p (H1) hd�=dylabijylabj<1 [�b] 23:6� 2:7 5:22� 0:60 1:85� 0:23T [GeV] 0:151� 0:011 0:166� 0:012 0:170� 0:012hET i [GeV] 1:062� 0:018 1:205� 0:020 1:333� 0:022hEkinT i [GeV] 0:287� 0:018 0:313� 0:020 0:314� 0:022hpT i [GeV] 0:726� 0:027 0:810� 0:030 0:860� 0:035pp (STAR) hpT ipp [GeV] 0:616� 0:062 0:81� 0:14 0:82� 0:03
Au-Au (STAR) hpT iAuAu [GeV] 0:83� 0:10 1:08� 0:14 0:97� 0:02

Table 3: The parametershd�=dylabijylabj<1 andT = ET0=n for �0, K�0 and� mesons from
a fit of function (1) to the differential cross sections. The average transverse energyhET i,
kinetic energyhEkinT i and momentumhpT i are also presented. The errors correspond to the
quadratically summed statistical and systematic errors. Also shown are measurements inpp
and Au-Au interactions at nucleon-nucleon centre-of-massenergy

psNN = 200 GeV [4] at
central rapidities.

Experiment Measurement R(�=K�0)
H1 p, hW i = 210 GeV, jylabj < 1 0:354� 0:060
STAR pp,ps = 200 GeV, jyj < 0:5 0:35� 0:05

Au-Au,
psNN = 200 GeV, jyj < 0:5 0:63� 0:15

Table 4: The ratioR(�=K�0) of the total cross-sections for� andK�0 production obtained
in p collisions (H1) athW i = 210 GeV. The errors correspond to the quadratically summed
statistical and systematic errors. Also shown are measurements inpp and Au-Au interactions at
nucleon-nucleon centre-of-mass energy

psNN = 200 GeV [4] at central rapidities.
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Figure 1: The unlike-sign di-pion mass spectrum after subtracting the like-sign contribution,
normalised to the total number of entries. The solid and dashed curves correspond to the
PYTHIA simulation with and without Bose-Einstein correlations (BEC), respectively.
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Figure 2: The invariant mass spectra for�+�� in a) andb), forK��� in ) and forK+K� in d).
The full curves show the result of the fit; the dashed curves correspond to the contribution of the
combinatorial backgroundB(m). In b), the data and the fitF (m) are shown after subtraction of
the combinatorial backgroundB(m); the dotted and dash-dotted curves show the contributions
from ! andK� reflections, respectively. In), the dotted curve corresponds to the contribution
of the reflections and the dash-dotted curve corresponds to the contribution of theK�(892)
signal. Ind), the dotted curve corresponds to the contribution of the�(1020) signal.
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