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Inclusive non-diffractive photoproduction of p(770)%, K*(892)° and ¢(1020) mesons is
investigated with the H1 detector in ep collisions at HERA. The corresponding aver-
age ~yp centre-of-mass energy is 210 GeV. The mesons are measured in the transverse
momentum range 0.5 < pr < 7 GeV and the rapidity range |yiap| < 1. Differential
cross sections are presented as a function of transverse momentum and rapidity, and
are compared to the predictions of hadroproduction models.

1 Introduction

High energy particle collisions which give rise to large multiplicities of produced hadrons
provide an opportunity to study the hadronisation process, in which quarks and gluons con-
vert to colourless hadrons. Since most hadrons are produced with low transverse momenta,
the theory of perturbative quantum chromodynamics (pQCD) is not applicable to describe
hadronisation. The production of long-lived hadrons and resonances at high energies was
studied in detail in electron-positron (e ~e*) collisions at LEP using Z° decays [2]. Measure-
ments in high energy hadronic interactions have so far been restricted to long-lived hadrons
and hadrons containing heavy quarks. Recently, the production of the hadronic resonances
p(770)°, K*(892)° and ¢(1020) was measured in heavy-ion and proton-proton (pp) collisions
at RHIC [3]. The electron-proton (ep) collider HERA allows the study of particle production
in quasi-real photon-proton (vp) collisions, where the nuclear density is much lower than at
RHIC. This is particularly interesting, because the vyp centre-of-mass energy at HERA is
about the same as for colliding nucleons at RHIC.

2 Phenomenology

The invariant differential cross section for meson production can be expressed as a function of
the meson’s transverse momentum pr and its rapidity yiqp, assuming azimuthal symmetry.
Hadrons produced in hadronic collisions are approximately uniformly distributed in the
central rapidity range, while their transverse momentum spectra fall steeply with increasing
pr. It is convenient to parametrise the invariant differential cross section of the produced
hadrons with a power law distribution,

1 d?o0P A
= (1)

T dpZ dyis  (Er, + EFm)

where EE™ = | /mZ + p2. —my is the transverse kinetic energy, my is the nominal resonance
mass, A is a normalisation factor independent of pr and Er, a free parameter. When EX" <
Er,, the power law function (1) behaves like a Boltzmann distribution exp(—E"/T), with
T = Eg,/n. This exponential behaviour of hadronic spectra follows from a thermodynamic
model of hadroproduction [4]. In this framework, the parameter T plays the role of the
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temperature at which hadronisation takes place. At high E" the power law originates
from a convolution of the parton densities of the colliding particles with the cross sections
of parton-parton interactions. Assuming that the pr and y;q, dependencies factorise, the
normalisation coefficient A is related to the single differential cross section do/dy;qp obtained
after integrating equation (1) over p2-:

do (n—1)(n—2)(Egp)" ! .

"yl 27(Br, + (n — 2)mo) (2)
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and a detector resolution function.

For the p° meson, the detector resolution is significantly smaller than its width. However,
Bose-Einstein correlations (BEC) between the p® decay pions and other pions in the event
strongly distort the p° line shape. The BEC play an important role in broadening the p°
mass peak and in shifting it towards lower masses. Similar effects are observed in pp and
heavy-ion collisions at RHIC [3] and in eTe™ collisions at LEP using Z° decays [2]. 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 spectrum and the Monte
Carlo simulations with and without BEC are shown in Figure 2. The Monte Carlo model
with BEC is in good agreement with the data in the region of the p° resonance, whereas the
model without BEC fails to describe the di-pion mass spectrum.
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The inclusive non-diffractive photoproduc-

tion cross sections for p% K** and $(1020) ‘3 0.08 |- —*— PYTHIA 6.2 with BEC H1
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174 < W < 256 GeV and for pr > 0.5 GeV and §
|y1ab| < 1 are found to be: g
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01" (yp — K*°X) = 6260+ 350+ 860 nb; ol
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tematic. Note that the K*0 cross section is the ?it 1mass spec‘.cliun} after subt;ac(;mg ﬂ}ie
sum of the particle and antiparticle contribu- <o 5181 contri uthI.l, normalised to the
tions divided by 2 total number of entries.

The differential cross sections for
the photoproduction of p%, K*°, and

= f g

¢ mesons are presented in Figure 3. 3 Wil £ H1®
Within the rapidity range of this mea- 5 | z .
surement, the resonance production i 107} Bttt ——
rates are constant as a function of ra- z 10

9. s e —+—
pidity, within errors. The transverse s —— +

0 *0 B 1 —

momentum spectra of the p°, K*° and =
¢ mesons can be parametrised by func- % o 10° _+__+_
tion (1), where do/dy;qp in equation (2) ) ‘ L
corresponds to the average value of 1 2 345 4 05 0 05 1
the cross section over central rapidities, PrGeV] Yiao
(do/dyiab)|y,as|<1- In the fit, the value Q° [Tatrmma ppo] 2° Hy o
of the power n is fixed to be 6.7, as de- £ 4[4 oPHOET g0
rived previously from measurements of 83 - + + ﬁ Q3
charged particle spectra by the H1 col- 2 - e ? * 2 -l ? i
laboration [6] which gave n = 6.7+0.3. 1 *‘ﬁi‘x“‘"t‘" 1 gt

The power law distribution, with this 1 2 345 4 05 0 05 1
value of n, describes Kg meson, A° Pr[GeV] Yia

baryon and D** meson production [7] ) ) ) )
at HERA, as is shown in Figure 4. The Figure 3: The measured differential non-diffractive

results of fits of function (1) to the data photoproduction cross-sections for p°, K*° and ¢

are shown in Figure 3a). In Table 1, Mesons. (For more details see the text.)

the parameters of the fit and the aver-

age transverse kinetic energy (E%™) the average transverse energy (Et) = (EX™) +mg and
the average transverse momentum (pr) = /(Er)? —m? derived from (1) are presented.
The errors include the experimental uncertainty on the value of n. Also given are the (pr)
value measured at RHIC in pp and Au-Au collisions.

It is interesting to observe that the resonances with different masses, lifetimes and
strangeness content are produced with about the same value of the average transverse kinetic
energy (EX™). This observation supports the thermodynamic picture of hadronic interac-
tions [4], in which the primary hadrons are thermalised during the interaction. The values
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of (pr) for p°, K*¥ and ¢ mesons are similar in yp and pp collisions with about the same
centre-of-mass energy /s = 200 GeV, while these values are all higher in Au-Au collisions.

The PYTHIA and PHOJET models
do not describe the shape of the mea-
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are extrapolated to the full pr range E
using the parametrisation (1) to deter-
mine the total inclusive non-diffractive
photoproduction cross sections. The
extrapolation factors are of order two.
To calculate the ratios of the ¢ and
K*9 cross sections, their average val-
ues of the differential cross sections
(do/dyiab)|y,.,|<1 are used. In Figure 5,
R(¢/K*°) is compared to the corre-
sponding ratios measured by STAR in
pp and Au-Au collisions [3] at \/syy = 200 GeV. Although the rapidity ranges at the H1
and STAR experiment differ®, the resulting ratios for pp and yp interactions are very close.
For ¢ meson production a tendency to be more abundant in Au-Au collisions is observed.
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Figure 4: The inclusive invariant differential cross
sections as a function of transverse momentum.
The curves show the results of fits to the power
law, equation (1). Statistical and systematic er-
rors are added in quadrature.

p° (E°+K")/2 ¢
p {d0/dY1ab) a1 D] | 23600 £ 2700 | 5220 £ 600 | 1850+ 230
T [GeV] | 0151 £0.011 | 0.166£0.012 | 0.170 £ 0.012
(Er) [GeV] | 1.062£0.018 | 1.205L0.020 | 1.333 % 0.022
(E5™Y [GeV] | 0.287 £0.018 | 0.313£0.020 | 0.314 £ 0.022
(pr) [GeV] | 0.726 £0.027 | 0.810£0.030 | 0.860 £ 0.035
D (T)pp [GeV] | 0616 £0.062 | 081014 | 0.82%0.03
AuAu (D7) Auau [GeV] | 0832010 | 1.08+014 | 097 £0.02

Table 1: The parameters of function (1) from a fit to the p°, K*® and ¢ meson differential
cross sections and derived variables are shown. Also provided are results from measurements
in pp and Au-Au interactions at a nucleon-nucleon centre-of-mass energy /syny = 200
GeV [3] at central rapidities.

2The difference in rapidity between the laboratory frame and the yp frame is about two units at H1.
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4 Conclusions

) ) R(0/K™®)
First measurements of the inclu- 1 <W> = 210 GeV, |y, ,[<1
_._ ’ lab
sive non-diffractive photoproduction of oo e 200 GeV, yl<0.5
p(770)°, K*(892)° and ¢(1020) mesons A .~ 200 GeV, |y<0.5
at HERA are presented. The differen- ® STAR '
tial cross sections for the production of s oa o5 o5 o7

these resonances as a function of trans-

verse momentum are described by a

power law distribution, while the single Figure 5: The ratio R(¢/K*") of the total cross
differential cross sections as a function sections.

of rapidity are observed to be flat in

the visible range. These resonances, despite their different masses, lifetimes and strangeness
content 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 p® resonance produced in vp collisions at HERA is
improved by taking Bose-Einstein correlations into account. A similar effect is observed in
pp and heavy-ion collisions at RHIC and in ete™ annihilation at LEP, using Z° decays.

The cross section ratio R(¢/K*?) is determined and is compared to results obtained in pp
and heavy-ion collisions by the STAR experiment at RHIC. The ratio R(¢/K *Y) measured
in 7p interactions is in agreement with the pp results. A tendency for ¢ meson production
to be more abundant in Au-Au collisions is observed.
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