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Abstract

Inclusive non-diffractive photoproduction @f770)°, K*(892)° and ¢(1020) mesons is
investigated with the H1 detector ép collisions at HERA. The corresponding average
centre-of-mass energy 240 GeV. The mesons are measured in the transverse momentum
range0.5 < pr < 7 GeV and the rapidity ranggy,.s| < 1. Differential cross sections

are presented as a function of transverse momentum andtyapiud are compared to the
predictions of hadroproduction models.
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1 Introduction

High energy patrticle collisions, which give rise to largeltiplicities of produced hadrons, pro-
vide an opportunity to study the hadronisation processrelhethe quarks and gluons produced
in the initial interaction become colourless hadrons. &imost of these hadrons are produced
at low values of transverse momentum, perturbative quactuiiwmodynamics (pQCD) is not
applicable to this process, which is described insteadyygienomenological models, the most
successful of which are the string [1] and the cluster [2jfin@ntation models. These can pro-
vide a reasonable description of the hadronisation prgoessded the many free parameters
they contain are tuned to the data.

The production of long-lived hadrons and resonances at émgingies has been studied in
detail in electron-positrore( e ~) collisions at LEP using’® decays [3]. Measurements in high
energy hadronic interactions have so far been restrictemhtplived hadrons and hadrons con-
taining heavy quarks. Recently, the production of the haidreesonanceg(770)°, K*(892)°
and ¢(1020) has been measured in heavy-ion and proton-praiphdollisions at RHIC [4].
The electron-protonep) collider HERA allows the study of particle production inagireal
photon-proton-{p) collisions. The comparison of RHIC and HERA results is aftigalar in-
terest, since the nuclear density at HERA is much lower thahdt RHIC while theyp and
nucleon-nucleon collision energies are similar.

In this paper, measurements of the inclusive non-diffvacpihotoproduction of the reso-
nances(770)°, K*(892)° and¢(1020) at HERA are presented for the first time. The measure-
ments are based on the data recorded with the H1 detectogdbe year 2000, when positrons
of energy27.6 GeV collided with920 GeV protons at aap centre-of-mass energy 819 GeV,
providing on average ap centre-of-mass energy ¢f/’) = 210 GeV. The data correspond to
an integrated luminosity of = 36.5 pb~!.

2 Phenomenology and Monte Carlo Simulation

The H1 coordinate system has as its origin the position ohtiminal interaction vertex. The
outgoing proton beam direction defines the positivexis and is also referred to as the “for-
ward” direction. The polar angkis defined with respect to this direction. The pseudorapidit
is given byn,,, = —In(tan(6/2)). The laboratory frame rapidity;,;, of a particle with energy
E and longitudinal momentum, is given byy;,, = 0.5In[(E + p.)/(E — p.)].

The invariant differential cross section for meson protuctan be expressed as a function
of the meson’s transverse momentwmand its rapidityy;.,, assuming azimuthal symmetry.
Hadrons produced in hadronic collisions are approximaitalformly distributed in the central
rapidity range, while their transverse momentum specitatieeply with increasing. It is
convenient to parametrise the invariant differential sresction of the produced hadrons with

a power law distribution,
1 d?0P A

— = : Q)
2 kin\n
0
T dpFdyi (B, + EX™)




where E&" = \/m2 + p2. — m, is the transverse kinetic energy, is the nominal reso-
nance mass4 is a normalisation factor independentaf and Er, a free parameter. When
Ekin < Er,, the power law function (1) behaves like a Boltzmann distiim exp(—E%"/T),
with 7" = Er, /n. This exponential behaviour of hadronic spectra follovesrfra thermody-
namic model of hadroproduction [5]. In this framework, treggmeterl’ plays the role of the
temperature at which hadronisation takes place. At i, the power law originates from a
convolution of the parton densities of the colliding pdescwith the cross sections of parton-
parton interactions. The normalisation coefficiehts related to the single differential cross
sectiondo /dy,,, obtained after the integrating equation (1) opr

_ do (n—1)(n—2)(Egp)"*
dylab 27T(ET0 + (TL — 2)m0)

(2)

Monte Carlo calculations are used both to correct the dat@ecomparisons with the measure-
ments. Direct and resolved photoproduction events arelatediusing the PYTHIA [6] and
the PHOJET [7] Monte Carlo generators. In both cases, theohation is based on the string
fragmentation model [8]. For data corrections, the paramstttings obtained by the ALEPH
collaboration [9] are used for the fragmentation of partdrtse effects of Bose-Einstein corre-
lations (BEC) on the invariant mass spectra of like-signamcke-sign pion pairs are included
using a Gaussian parametrisation of the correlation fand®]. The photoproduction events
generated using PYTHIA and PHOJET are passed through thdation of the H1 detector
based on GEANT [10] and through the same reconstruction aalysis chain as used for the
data.

3 Experimental Conditions

3.1 H1Detector

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

The ep interaction region is surrounded by two large concentrit dhambers (CJCs),
operated inside &.16 T solenoidal magnetic field. Charged particles are measaorée pseu-
dorapidity range-1.5 < n,, < 1.5 with a transverse momentum resolution®f. /pr ~
0.005 - pr/GeV & 0.015 [12]. The specific energy los$F /dx of the charged particles is
measured in this detector with a relative resolutiofa.6% for a minimum ionising track [13].

A finely segmented electromagnetic and hadronic liquid magorimeter (LAr) covers the
range—1.5 < n4 < 3.4. The energy resolution of this calorimeteris®) /E = 0.11/\/E/GeV
for electromagnetic showers andFE)/E = 0.50/,/E/GeV for hadrons as measured in test
beams [14].

Photoproduction events are selected with a cryS&kenkov calorimeter (positron tagger)
located close to the beam pipe at= —33.4 m, which measures the energy deposited by
positrons scattered at angles of less thamrad. AnotherCerenkov calorimeter, located at
z = —103 m (photon tagger), is used to determine the luminosity bysueag the rate of
photons emitted in the Bethe-Heitler procegs— ep.
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3.2 Event Sdlection

Photoproduction events are selected by a trigger whichinexja scattered positron to be mea-
sured in the positron tagger, an event vertex determined étwarged tracks and three or more
charged tracks reconstructed in the CJCs, each with tresesmeomentunp, > 0.4 GeV. The
photon virtuality@? is smaller thar).01 Ge\V?, due to the positron tagger acceptance. The pho-
ton energy is determined from the difference between th#rpaseam energy and the energy
measured in the positron tagger.

In order to reduce the no#p background and to ensure good reconstruction of the event
kinematics, the following criteria are applied:

e Events are selected if the reconstructedcentre-of-mass energy lies within the interval
174 < W < 256 GeV for which good positron detection efficiency is estdidi$. This
corresponds to an averagg centre-of-mass energy of1) = 210 GeV.

e Events are rejected if a photon with enejy > 2 GeV is detected in the photon tag-
ger. This suppresses the background arising from randoncideinces of Bethe-Heitler
events in the positron tagger with beam-gas interactiotfsamain H1 detector.

e Events are selected if thecoordinate of the event vertex, reconstructed using thesCJC
lies within 35 cm of the mean position fap interactions.

Background from elastic and diffractive events is suppédss/ the above trigger require-
ments. To further reduce the contribution of diffractiveogesses, the presence of an en-
ergy deposit of at leasi00 MeV is required in the forward region of the LAr, defined by
2.03 < i < 3.26. Monte Carlo studies show that, with this requirement, thas 1% of the
final event sample consists of diffractive events with < 0.05, whereX = M% /W2 and
My is the invariant mass of the diffractive system.

P

In total, aboutl.8 x 10° events satisfy the above selection criteria.

3.3 Selection of p(770)°, K*(892)? and ¢(1020) Mesons

The mesons are identified using th@70)° — 77—, K*(892)° — K*t7~ or K (892)° —

K 7 and$(1020) — KK~ decay$. Charged tracks reconstructed in the CJCs with>

0.15 GeV and pseudorapidityy,,| < 1.5 are considered as charged pion or kaon candidates.
Since most of the charged particleseim collisions are pions, no attempt to identify pions is
made, while identification criteria for charged kaons argliad for the extraction of thék*°
ande¢ signals. This is done by measuring the momentum-depengedcific energy los8E /dx

in the CJCs. This method gives a significant improvement éndilgnal-to-background ratio
for low pr mesonsp; < 1.5 GeV, where thelE/dx resolution allows good particle identi-
fication. For highpy mesonsp; > 1.5 GeV, thedE/dx method is inefficient and therefore

YIn the following, the notatiord< *° is used to refer to both tha *° andK " mesons unless explicitly stated
otherwise.



particle identification criteria are not applied. Such ksaare considered as both pion and kaon
candidates and their four-momenta are determined fronrale& measurements using the cor-
responding mass hypothesis [15]. Vector meson candidegageonstructed from these four-
momenta. The kinematic range for the reconstructed nemeabns is restricted 1g,,,| < 1
andpr > 0.5 GeW.

To extract the?, K*° and¢ signals, the distributions of respective invariant masgdiseir
decay productsy+,-, mg+.+ andmg+x—, are fitted using a function composed of three
parts:

F(m)=B(m)+»_ R(m)+>_ S(m). 3)

The terms correspond to contributions from the combinattackground(m), from reflec-
tions which result from decays other than the signal undesideration,R(m), and from the
relevant signalS(m), respectively.

The combinatorial background function is taken to be:
B(m) = (ag + aym + aym?® + azm?®) - B’(m),

whereay, a1, a; anda; are free parameters, aff (m) is the invariant mass distribution of the
like-sign charged particle combinationst 7 for the p° and K*7* for the K*°. The shape of
the combinatorial background fgris described by the following function:

B(m) = by (m? — 4m3)e ™
whereb,, by, andb; are free parameters andy is the kaon mass.

The second tern}, | R(m), in (3) represents the sum of the reflections; for examplerged
particles from the deca)*® — K*r T with the kaon misidentified as a charged pion will
give rise to structure in theu,+,- spectrum and must be taken into account as a separate
contribution. In addition, there are two other contribugdo them . +,- spectrum in the mass
region of interest. These arise from the decays82) — 77~ andw(782) — w770 in
which ther" is not observed. For the(782) meson, the production rate relative to that of the
p" is varied within the rangé.0 + 0.2, which is consistent with measurements of tH&82) / p°
ratio in hadronic collisions [16] and iZ® boson decays [17]. The(782) branching ratios
are taken from [15]. The five major reflections in the.+,+ spectrum are due to: the decay
p® — 77~ with ther™ or 7~ misidentified as a charged kaon; the decay&2) — =7~ and
w(782) — w7~ 7" with ther” not observed and with one of theé' or 7~ mesons misidentified
as a charged kaon; the decay— KK~ with one of the kaons misidentified as a charged
pion and a self-reflection from th&*?, where the pion and kaon are interchanged. For the
m+x- Spectrum, there are no reflections from known resonancégimvariant mass region
of interest. Therefore, the shapes of the reflections aentdlom Monte Carlo calculations.
The contribution of the reflections from the, K*° and$ mesons is tied to the production rates
determined in this analysis and is therefore iterativelguated.

The functionS(m) used to describe the signal in (3) is a convolution of a néktic Breit-
Wigner functionBWV (m) and a detector resolution functiotim, m’). The relativistic Breit-
Wigner function

momT'(m)
(m? = m3)? + m3 T2(m)

7

BW (m) = A : (4)



is used with

q 2l+1m
I'(m) =T ( > —

% m

whereA, is a normalisation factof;, is the resonance width= 1 for vector mesonsy, is the
resonance masgjs the momentum of the decay products in the rest frame ofahenp meson,
andq, is their momentum atn = m,. The cross sections cited in this paper assume that the
meson signal is defined as the integral of the relativistatB/igner function (4) in the region
+2.5I"g around the massy;. Monte Carlo studies show that a non-relativistic Breitghér
function with widthT’,.., provides a good description of the detector resolutiontionc

. 1 Lres
2 (m—m")2 4 ([res/2)?

()

r(m,m')

For theK*? analysis, the resolution parameter is determined from ®lQatrlo withl',.., =
12 MeV. It is small compared to the width of tHé*® meson §0.34-0.6 MeV) [15], leading only
to a small change in the shape of the resonance. Faf,thg.; is comparable to the width of
thep meson [y = 4.26 + 0.05 MeV) [15]. As a result, the shape of thiesignal is significantly
changed, and hence the detector resolufiQnis taken as a free parameter in the fit. It is found
to vary from3.4 MeV to 6.0 MeV, increasing with the of the  meson.

For thep® meson, the detector resolution is significantly smallentiswidth. However,
BEC between th@? decay pions and other pions in the event strongly distorptHime shape.
The BEC plays an important role in broadening flemass peak and in shifting it towards
lower masses. Similar effects are observegirand heavy-ion collisions at RHIC [4] and in
ete~ collisions at LEP using® decays [17]. It is therefore important to check that the Mont
Carlo model used for the extraction of the cross sectionsrites the di-pion spectra in the
data. The data spectra and the Monte Carlo simulations wihwathout BEC are shown in
figure 1. The Monte Carlo model with BEC is in a good agreemetfi tive data in the region of
the p° resonance, whereas the model without BEC fails to desdniditpion mass spectrum.

The results of fitting the function (3) to the,+,- data in the mass range frot5 to
1.7 GeV with the contributions due to the combinatorial backa and the reflections are
shown in figure 25 and after combinatorial background subtraction in figure B this mass
range, the signal from th&?, f,(980) andf,(1270) mesons is taken into account. Thg sig-
nal is fitted using a Gaussian centred on the nominal mass éindixed width. The relativistic
Breit-Wigner function given in equation (4) is used for tfg980) and f,(1270) mesons. In
the fit, the resonance masseg and the yields are free parameters. Phand f,(1270) widths
are fixed to the Particle Data Group [15] values andf#1680) width is fixed to70 MeV. Due
to the small signal and the non-trivial background behayihich lead to large uncertainties,
cross sections fof,(980) and f»(1270) meson production are not measured here.

The K*Y signal is measured under the assumption that there is rereliife between the
particle and antiparticle production rates, and the sigbh&ined from then =+ .+ spectrum is
divided by2 to determine the<*" rate in the following. The result of fitting the function (3)
to themg+,+ data in the mass range from7 to 1.2 GeV with the contributions due to the
combinatorial background and the reflections is shown inréi@g. In the fit, thex* width is
fixed to the nominal value while the mass parameter is ledt fiehe result for thé(** mass is
compatible with the world average [15].



The result of fitting function (3) to they -+ x— data in the mass range frah®9 to 1.06 GeV,
together with the background contribution, is shown in feggRd. In the fit, theg width, Ty, is
fixed to the nominal value while the mass is left a free paranmaatd is found to be compatible
with the world average [15].

3.4 Cross Section Determination and Systematic Errors

The invariant differential cross section fp?, K*° and ¢ meson production is measured in
the y,4, region from—1 to 1 in seven bins in transverse momentum from to 7 GeV. It is
calculated according to:

1 d*oP N

T dpedyy, 7-L-BR-®,-¢-Ap2- Ay

whereN is the number of mesons from the fit in each bin. The correspgrin widths are
Ay = 2 and Ap2 = 2p%"Apr. Bin centre corrections based on equation (1) are applied
to define the value of%™ at which the differential cross section is measurg&ddenotes the
integrated luminosity andthe efficiency. The branching fractiosR are taken from [15] and
are equal td, 0.67 and0.49 for p° — 7*7—, K** — K*7F and¢ — K+ K, respectively.
The photon fluxp, = 0.0127 is calculated using the Weizsacker-Williams approximafL8].

The single differential cross section fgt, K*° and¢ meson production fop; > 0.5 GeV
is measured in four bins in rapidity from1 to 1 according to:

doP B N
AYiab B 'C'BR'(I)v'f'Aylab‘

Here, the bin width is\y,;,, = 0.5.

The fit procedure described in the previous section is repleat determine the number of
mesons,N, in each measurement bin, calculated as an integral ovesigimal function (4)
within -2.5T", around the meson mass. Similarly, the total visible crosgmefor p°, K*° and
¢ meson production is measured from the number of mesons fitténe rangdy;.,| < 1 and
pr > 0.5 GeV.

The efficiency is given by = €,.. - Aetag - As - €4ig. The reconstruction efficiency for the
mesonse,.., includes the geometric acceptance and the efficiency dok treconstruction. It
is calculated using Monte Carlo data and is at lda$t at low p; and rises to aboWt0% with
increasingpr. For the acceptance determination, the Monte Carlo gesrerate reweighted
to model the observeg,-dependences. The average acceptance of the positrom,tagge,
is about50%, as determined in [19]. The trigger acceptande, arises from the requirement
that at least three tracks are reconstructed in the CICspwitlhh 0.4 GeV. It is determined
from Monte Carlo simulations with PYTHIA and PHOJET and earfrom50% to 95%. The
trigger efficiencyg..,, is calculated from the data using monitor triggers. It isw@l90%. The
efficiencies and acceptances as calculated from the PYTHdAPHOJIET simulation are found
to be consistent. Small residual differences, attribusetifterent track multiplicity predictions,
are taken into account in the systematic uncertaintieseofrtbasurement.
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The statistical error varies fromto 15% for the p°, 10 to 18% for the K*° and 13 to 24%
for the ¢ meson cross sections. The systematic errors arise frornttegtainties in the track
reconstruction efficiencyi{s) and the trigger efficiency (up &%), the variation of thef;(980)
width by +30 MeV in the o fit (up to 7%), the uncertainties in théE /dx kaon identification
procedure% for the K*° and12% for the ¢) and the luminosity calculatior2{), the variation
of the background shap&%) and the variation of the assumptions about the normadisatf
the contributions from the reflectiong% for the p° and up to15% for the K*°). The total
systematic error varies froi to 12% for the p°, 11 to 21% for the K*° and10 to 17% for the
¢ meson cross sections.

4 Resultsand Discussion

The inclusive non-diffractive photoproduction cross s forp° (770), K*°(892) andg(1020)
mesons in the kinematic regidp? < 0.01 GeV?, 174 < W < 256 GeV, and fop > 0.5 GeV
and|y;.;| < 1 are found to be:

o (yp — p"X) = 25600 + 1800 + 2700 nby;

p
Oyis

(yp — K**X) = 6260+ 350+ 860 nb;
o (yp— ¢X) = 2400+ 180+ 340 nb.

VLS
The first error is statistical and the second systematic e Mudt theK* cross section is the
sum of the particle and antiparticle contributions dividg®.

The differential cross sections for the photoproductiop®fi*°, and¢ mesons are pre-
sented in tables and2 and in figure 3. Within the rapidity range of this measuremém
resonance production rates are constant as a function iditsgpvithin errors. The transverse
momentum spectra of the!, K*° and¢ mesons can be parametrised by function (1), where
do /dy.» In equation (2) corresponds to the average value of the sexd®n over central ra-
pidities, (do /dyias)|y,.,1<1- In the fit, the value of the power is fixed to be6.7, as derived
previously from measurements of charged particle spegttadH1 collaboration [20] which
gaven = 6.7 + 0.3. The power law distribution, with this value of describegs mesonA°
baryon [21] andD** meson production [22] at HERA, as is shown in figure 4. A simslaape
of the transverse momentum distribution, but with différealues of the parametensand £,
was reported for charged particles produced in hadronlistwis [23]. The results of the fits of
the data to function (1) are shown in figure) 3l table3, the parameters of the fit and the av-
erage transverse kinetic energy+"), the average transverse enetdy) = (E5™) + m, and
the average transverse moment(ym) = /(Er)? — m3 derived from (1) are presented. The
errors include the experimental uncertainty on the value.oflso given are thép;) values
measured at RHIC ipp and Au-Au collisions [4] .

Itis interesting to observe that the resonances with @iffemasses, lifetimes and strangeness
content are produced with about the same value of the aveage/erse kinetic energyokin).
This observation supports the thermodynamic picture ofdvad interactions [5], in which
the primary hadrons are thermalised during the interactibhe values of(py) for p°, K*°
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and ¢ mesons are similar inp andpp collisions with about the same centre-of-mass energy
Vs & 200 GeV, while these values are all higher in Au-Au collisions.

The PYTHIA and PHOJET models do not describe the shape of dasuneg, spectra.
Moreover, contrary to the data, the Monte Carjospectra are not described by the power law
function (1). These observations are illustrated in fig@®sand 3d.

The measurements in the visible kinematic range of thek*° and ¢ mesonsp; >
0.5 GeV and|y,,,| < 1, are extrapolated to the full; range using the parametrisation (1)
to determine the total inclusive non-diffractive photagiuiotion cross sections. The extrapola-
tion factors are of order two. In the rapidity interval,,| < 1 and integrated over the fubl;
range the following cross section ratios are obtained:

R(K*°/p") = 0.221 4 0.036 ;

R(¢/p°) = 0.078 £ 0.013;
R(¢/K*®) = 0.354 4 0.060 .

The errors are given by the statistical and systematiceadded in quadrature. PYTHIA and
PHOJET, with the strangeness suppression factes 0.286 [9], predict the ratio$.200, 0.055
and0.277, respectively, which are similar to the measured valuesatriall somewhat lower
than these.

In table4, R(¢/K*°) is compared to the corresponding ratios measured by STAR amd
Au-Au collisions [4] at,/syy = 200 GeV. Although the rapidity ranges at the H1 and RHIC
experiments diffek; the resulting ratios fopp and~p interactions are very close. However, the
corresponding result in Au-Au collisions is observed to laghhr.

5 Conclusions

First measurements of the inclusive non-diffractive ppadduction ofp(770)°, K*(892)° and
#(1020) mesons at HERA are presented. The differential cross sectay the production of
these resonances as a function of transverse momentumsmebee by a power law distri-
bution while the single differential cross sections as afiom of rapidity are observed to be
flat in the visible range. Despite their different massdstiines and strangeness content, these
resonances are produced with about the same value of thegaveansverse kinetic energy.
This observation supports a thermodynamic picture of hadiateractions.

The description of the shape of the resonance produced ifp collisions at HERA is
improved by taking Bose-Einstein correlations into accoénsimilar effect is observed ipp
and heavy-ion collisions at RHIC anddrie~ annihilation at LEP, using® decays.

The cross section ratid®( K*°/p°), R(¢/p") andR(¢/K*°) are determined, anl(¢/ K*°)
Is compared to results obtainedimand heavy-ion collisions by the STAR experiment at RHIC.
The ratioR(¢/K*°) measured inyp interactions is in agreement with the results, while this
ratio is observed to be smaller than the result obtained iAAwollisions.

2The difference in rapidity between the laboratory frame thadyp frame is about two units at H1.
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L % nb/(GeVy]

pr [GeV] | ph" P (K +K")/2 6

[0.5,0.75] | 0.63 | 5610+ 870+ 590 | 1190+ 130+ 200 383 + o4 + 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 1424+ 15+ 15| 480+ 52+ 5.1 19.1 + 3.3+ 1.9

[2.0,3.0] |2.41] 299+ 23+ 31| 896+ 090+ 0.98 348+ 0.76+ 0.34

(3.0,4.0] | 3.43 | 3.06+ 042+ 0.33| 1.21+ 0.17+ 0.14 0.46+ 0.114+ 0.08

[4.0,7.0] | 5.09 | 0.276 4+ 0.037 £ 0.033 | 0.079 £ 0.014 4+ 0.009 | 0.0335 + 0.0081 + 0.0057
Table 1: Inclusive non-diffractive photoproduction inkant differential cross sections

d*c /7 dp3 dya for p(770)°, K*(892)° and¢(1020) mesons in the rapidity randg,.,| < 1.0in
bins of p;. The first error is statistical and the second systematice&oh bin inp; the range
as well as the bin-centred valp&" are given.

do [ dypap [11b]

Yiab P (K +K")/2 ¢
[—1.0,—0.5] 11.0+1.0+1.2 | 3.36 20.35+£0.72 | 1.44 +0.25 £+ 0.22
[—0.5,0.0] 131 +1.1+1.4|252+0.27+0.36 | 1.08=0.124+0.16

[0.0,0.5] 104+1.5+1.1|3.07+0.30+0.44 | 1.44 +0.13 £ 0.22
[0.5,1.0] 146+1.3+1.5|4.284+0.444+0.79 | 1.61 =0.33 £0.25

Table 2: Inclusive non-diffractive photoproduction sieglifferential cross sectionr/dy;qs
for p(770)°, K*(892)° and¢(1020) mesons in the transverse momentum rapge- 0.5 GeV
in bins ofy,,,. The first error is statistical and the second systematic.
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P (K2 +K")/2 6
vp (H1) (do | dyia) oy <1 [1D] | 23.6 £ 2.7 5.22 4 0.60 1.85+0.23
T [GeV] 0.151 £0.011 | 0.166 =0.012 | 0.170 £ 0.012
(ET> [GeV] 1.062 £ 0.018 | 1.205 £ 0.020 | 1.333 +0.022
(Ekiny [GeV] | 0.287 +£0.018 | 0.313+£0.020 | 0.314 4 0.022
(pr) [GeV] | 0.726 +0.027 | 0.810 4+ 0.030 | 0.860 + 0.035
pp (STAR) {pr)pp [GEV] | 0.616 £0.062 | 0.81+0.14 0.82+0.03
Au-Au (STAR) (pr) ausu [GEV] | 0.83 £0.10 1.08 +0.14 0.97 £ 0.02

Table 3: The paramete(slo/dyiqe) y,.,|<1 @ahdT = Er,/n for p°, K*° and ¢ mesons from
a fit of function (1) to the differential cross sections. Therage transverse energy),

kinetic energy( EX™) and momentun{pr) are also presented. The errors correspond to the

quadratically summed statistical and systematic erronso Ahown are measurementspin
and Au-Au interactions at nucleon-nucleon centre-of-nmessgy.,/syy = 200 GeV [4] at

central rapidities.

Experiment| Measurement R(¢/K*?)

H1 vp, (W) = 210 GeV, |ya| < 1 0.354 =+ 0.060

STAR pp, /5 = 200 GeV, |y| < 0.5 0.35 4+ 0.05
Au-Au, \/syy = 200 GeV, |y| < 0.5 | 0.63+0.15

Table 4: The ratioR(¢/K*°) of the total cross-sections fer and K*° production obtained

in vp collisions (H1) at(1V') = 210 GeV. The errors correspond to the quadratically summed
statistical and systematic errors. Also shown are measmenmnpp and Au-Au interactions at

nucleon-nucleon centre-of-mass ene(gyyy = 200 GeV [4] at central rapidities.
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¢ H1 Data
0.08 |- —— PYTHIA 6.2 with BEC H1
- PYTHIA 6.2 without BEC

arbitrary units

Figure 1: The unlike-sign di-pion mass spectrum after subing the like-sign contribution,
normalised to the total number of entries. The solid and e&sturves correspond to the
PYTHIA simulation with and without Bose-Einstein corretats (BEC), respectively.
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Figure 2: The invariant mass spectrafdrr— in a) andb), for KT in ¢) and forK+ K~ in d).

The full curves show the result of the fit; the dashed curvesspond to the contribution of the
combinatorial backgroung(m). In b), the data and the fit' (m) are shown after subtraction of
the combinatorial backgrounl(m); the dotted and dash-dotted curves show the contributions
from w and K* reflections, respectively. lf), the dotted curve corresponds to the contribution
of the reflections and the dash-dotted curve correspondseta@dntribution of the/{*(892)
signal. Ind), the dotted curve corresponds to the contribution ofitfi®20) signal.

17



s | 2 | H1
(B} 3 B o
O 107 © B
= >
g 2| % L ——
— 10°F S 104 ——
z :
o - [ I
E 1l |
5 | B e
AT — 0l +__+_ |
10-2 i i \ \ \
1 0.5 0 0.5 1
Yiab
o ° O °
S 4 % ¢ PYTHIA H1 © S H1 9
® 4 A0 QPHOJET < 4
®© IS
o3 | + + Q5 |
2 di)ﬁ] il+$ﬁ * + 2 + + (t
AT U S v 4t
v O S ST N i
1 2 3 45 -1 -05 0 0.5 1
p;[GeV] Yiab

Figure 3: The inclusive differential non-diffractive cesections fop?(770), K*°(892) and
»(1020) mesons measured i) as a function of transverse momentum figr,| < 1 and inb)

as a function of rapidity fop; > 0.5 GeV. The curves on the figurg correspond to the power
law, equation (1), witm = 6.7. The ratios of data to Monte Carlo predictions “Data/MC” are
shown for the PYTHIA (full points) and PHOJET (empty poinsgnulations as a function of
transverse momentum fdy,,;| < 1in ¢) and as a function of rapidity fgr, > 0.5 GeV ind).
Statistical and systematic errors are added in quadrature.
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Figure 4: The inclusive invariant differential cross sens as a function of transverse momen-
tum. The curves show the results of fits to the power law, egiét). Statistical and systematic
errors are added in quadrature.
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