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The production of strange hadrons is investigated using deep-inelastic scattering events measured

with the H1 detector at HERA. TheK0
s andΛ production cross sections and their ratios are de-

termined and presented differentially as functions of several kinematical variables. TheK0
s pro-

duction rate is compared to the production of charged particles in the same region of phase space.

In addition, theΛ - Λ̄ asymmetry is measured. The production of K*(892) vector mesons in

deep-inelastic scattering at lowQ2, observed through the decay chainK∗± → K0
s π±, is measured

for the first time at HERA. Inclusive cross sections are presented as functions of the transverse

momentum squaredP∗2
T and Feymann-x xF of the hadronic center of mass frame. The data are

compared to theoretical predictions based on leading orderMonte Carlo programs with parton

showers.
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Strangeness production in DIS

1. Introduction

The measurement of strange particle production in neutral current deep inelastic scattering (DIS) events
recorded at the HERAep collider is presented. The mesonsK0

s andK∗± and the baryonΛ1 are studied
through the following decay channels:K0

s → π+π−, K∗± → K0
s π± → π+π−π± andΛ → pπ− in the central

region of the detector and low values of the negative four-momentum squared of the photon,Q2 <100 GeV2.
The total cross section of strange particles and their differential cross sections as functions ofQ2, pseu-

dorapidityη and transverse momentumPT are measured in the laboratory frame and as functions ofxBreit
p

andPBreit
T in the Breit frame. TheK0

s to light mesons production cross section rate (K0
s/h±) and the baryon

to meson ratio (Λ/K0
S ) are also measured. TheΛ− Λ̄ asymmetry is measured in order to look for evidence

of baryon number transfer. The results are compared to the CDM and MEPS models, as implemented in
ARIADNE [1] and LEPTO [2], respectively, both interfaced tothe LUND string fragmentation model [3].

Differential cross sections forK∗±(892) are also presented as functions of Feymann-x xF and transverse
momentumP∗2

T in the hadronic center of mass system and compared to the CDM model. CDM is then used
to estimate the contribution of each flavour to the cross section.

Strange hadrons can be produced in the non-perturbative process of fragmentation, or they can originate
from the strange sea in the nucleon, boson-gluon fusion or heavy quark decays [4]. This analysis allows to
test model predictions as implemented in Monte Carlo programs and the optimization of their parameters. It
also tests the universality of the fragmentation mechanism.

2. Selection of DIS Events and Strange Particles

The data for this analysis correspond to an integrated luminosity value of 50 pb−1 for the sample ofK0
s

andΛ and 302 pb−1 for K∗±, both collected by the H1 detector during the HERA collisionof electrons at
energyEe =27.6 GeV with protons at 920 GeV.

The selection of DIS events is based on the identification of the scattered electron with the energy
requirementEe′ >11 GeV. The negative four momentum transfer squared of the photon is in the range of
2< Q2 <100 GeV2 for K0

S andΛ, and 5< Q2 <100 GeV2 for K∗±.
The selection of strange particles depends on the measurement of their final charged daughter particles.

The tracks of the daughters of theK0
S andΛ must be in the central region of the detector and must point

back to a common secondary decay vertex with the direction offlight of the mother particle constrained to
the primary event vertex. The transverse momentumPT and the pseudorapidityη of the strange particle
candidates must be between 0.5< PT < 3.5 GeV,|η | < 1.3 forK0

S andΛ, andPT > 1.0 GeV,|η | < 1.5 for
K∗±. The charged particle tracks considered for theK0

s/h± ratio must point to the primary vertex and have
to fulfill the samePT andη ranges as theK0

S .
All the particles passing the selection criteria above contribute to the invariant mass distributions. By

fitting these plots with different functions to describe background and signal, a number of approximately
213,000K0

S , 22,000Λ, 20,000Λ̄ and 80,000K∗± are identified with a fitted mass value in concordance with
the reported PDG [5] values, for each particle under study.

3. Results

3.1 Inclusive Cross Sections

The total inclusive production cross sections in the visible kinematic range are found to be:

σK0
s

= 21.18±0.09(stat.)+1.19
−1.23(syst.) nb,

1Unless explicitly mentioned, a reference to a state implicitly includes the chargeconjugate of that state.
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Figure 1: Differential cross sections forK0
S as functions of pseudorapidityη and transverse momentumPT

of the particle and forΛ as function ofη in the laboratory frame. The error bars show the total uncertainty.
The ratio of different model predictions to data are shown bythe solid and dashed lines in the bottom of the
plot.

σΛ = 7.88±0.10(stat.)+0.45
−0.47(syst.) nb,

σK∗ = 7.36±0.087(stat.)±0.88(syst.) nb,

all of them consistent with Monte Carlo expectations.

3.2 K0
S and Λ Differential Cross Sections

K0
S andΛ cross sections are measured differentially in laboratory and breit frames as functions of the

kinematic variableQ2, the pseudorapidityη , transverse momentumPt , xBreit
p andPBreit

T . They are compared
to the mentioned Monte Carlo predictions for two values of the strangeness suppression factor,λs= 0.22 and
0.3.

The differential cross section measurements quickly decrease when the value of the variablesQ2 and
PT increase. Theη cross section is flat forK0

S but rises in the forward region forΛ (Figure 1). The CDM
model withλs =0.3 agrees best with the data although it has difficulties with theη shape and at lowPT .

In the current region of the Breit frame the sensitivity toλs is reduced compared to the laboratory frame
and the target region. This is due to larger errors and a smaller fraction of strangeness produced in the
fragmentation process. The cross sections in the current and the target region are generally well described
by both the MEPS and CDM model predictions [6].

The asymmetry in theΛ andΛ̄ production measurement, denoted asAΛ = σΛ −σΛ̄/σΛ + σΛ̄, is con-
sistent with zero within errors. Thus, no evidence of baryontransfer number from the proton beam to theΛ
final states is visible.

The measument of theΛ/K0
S cross section ratio reduces theoretical and experimental uncertainties and

allows the observation of differences in the strange baryonto meson production. As expected, this ratio does
not depend onλs. CDM describes the data better but deviations are seen in theshape of theη distribution [6].
The increase of the ratio withPT obeys the kinematics of heavy particles carring more momentum. The
K0

s/h± ratio is approximately constant as function ofQ2 andη . The MEPS model tends to describe better
the data.

3.3 K∗± Differential Cross Sections

TheK∗± differential cross section results in the laboratory frameare compared to models withλs=0.286.
As was observed forK0

S andΛ, for K∗± both models fail to describe theη cross section but in general CDM
seems better than MEPS. In the hadronic center of mass frame the cross section as function ofxF andP∗2

T

is compared to contributions of light, strange and heavy quarks from CDM (Figure 2). The processes con-
tributing to strangeness production show a different behaviour as function ofxF . The fragmentation of light
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Figure 2: Differential cross sections forK∗± as functions of Feymann-x XF and transverse momentumP∗2
T

of the particle in the hadronic center of mass frame. The error bars show the total uncertainty. The flavour
contributions of light, strange and heavy quarks from CDM are shown by the solid and dashed lines.

quarks (ud) is expected to dominate everywhere. The decay of heavy quarks (cb) contributes mainly at small
xF , while the strangeness produced directly in the hard subprocess plays a larger role at largexF .

4. Conclusions

StrangeK0
S andK∗± mesons andΛ baryon total and differential cross sections, as well as thebaryon

to meson ratio and theK0
S to charged particles ratio, have been measured by the H1 collaboration at low

Q2 <100 GeV2 as functions of the negative four-momentum squared of the photon Q2, pseudorapidityη ,
transverse momentumPT , andxBreit

p andPBreit
T in Breit frame.

The comparison to CDM and MEPS models with the strangeness suppression factorλs = 0.22 and 0.3
show that no single model prediction or strangeness factor is able to describe all results. The measurement
of theΛ asymmetry shows no evidence of baryon number transfer from the proton beam.

The shape of the Feymann-x xF distribution in the hadronic center of mass frame is sensitive to the
different strangeness production processes forK∗± meson.
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