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Abstract

The production of neutral strange hadrons is investigagidgudeep-inelastic scattering
events measured with the H1 detector at HERA. The measuterasnmade in the phase
space defined by the negative four-momentum transfer sdjwdirtae photor2 < Q? <

100 GeV? and the inelasticity.1 < y < 0.6. The K andA(A) production cross sections
and their ratios are determined? production is compared to the production of charged
particles in the same region of phase space. Xhe A asymmetry is also measured and
found to be consistent with zero. Predictions of leadingepidonte Carlo programs are
compared to the data.
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1 Introduction

The production of strange hadrons in high energy particlesamns allows the investigation
of strong interactions in the perturbative and non-pestivie regimes. Strange quarks are
created in the non-perturbative process of colour striagrfrentation, which constitutes the
dominant production mechanism of strange hadrons. In desastic scattering (DIS), strange
guarks also originate from the strange sea in the nucle@uarbgluon fusion and heavy quark
decays. Measurements of strangeness production have beg@mounvestigate the suppression
of strangeness relative to lighter flavours in fragmentatidbhe universality of fragmentation
in different processes can be studied by comparing differlecross sections of the production
of K% andA(A) hadrons in various regions of phase space. Further infoomé gained by
studying the ratios of production rates &fA) to K° and of K? to charged hadrong:t) as
some model dependencies are expected to cancel.

The baryon production mechanism was studieeiet annihilation [1] 2] 8, 4,/5], a process
without incident baryons. Data involving a baryon in thetiali state, likeep collisions at
HERA, provide additional information. In particular, data theA - A production asymmetry
from HERA are of interest as an experimental constrainttfeoties of baryon number transfer
[6]. Fixed target data have shown [7] that th@roduction rate substantially exceeds that of the
A in the so-called remnant region because the baryon numltiee ¢érget is conserved.

This paper presents a measurement of neutral strangel@ékfitand A) production in DIS
at negative four momentum transfer squated Q? < 100 GeV? and at low values of Bjorken
x. The study is based on data collected with the H1 detectorERRAdat a centre-of-mass
energy of319 GeV in the yeard 999 and2000. This data sample is 40 times larger than that
used in the previous H1 publicationl [8] and covers a wideekatic range. Measurements
of K? and A production in different kinematic ranges have also beeonted by the ZEUS
collaboration[[9]. The differential cross sectionsiéf mesonsA(A) baryons and their ratio
as well as the ratio ok to charged hadrons are presented as a function of varioeskitic
variables, both in the laboratory frame and in the Breit farfihe results are compared with
predictions obtained from leading order Monte Carlo catiahs, based on matrix elements,
with parton shower simulations. The main feature of the datasuppression of strange quark
production relative to lighter quarks; this is discussethimithe context of the framework of
the LUND [10] fragmentation model.

2 Phenomenology

2.1 Production of Strange Hadrons
Particles with strangeness can be produced in DIS in thedwdrgbrocess and in the hadronisa-
tion of the colour field, as illustrated schematically in figld.

Figure[1a) shows strangeness production within the quattompanodel (QPM), where a
strange quark from the nucleon sea participates in the hard interactiogurg[1b) illustrates
s production in a boson-gluon fusion (BGF) process, wherauargemitted from the nucleon
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Figure 1: Schematic diagrams of the different processesibating to strangeness production:
a) direct production in the QPM, b) BGF, c) decays of heavykgpiand d) hadronisation.

splits into ass quark pair. Figuré]lc) depicts heavy quark (charamd beauty) production
by boson-gluon fusion (BGF) with subsequent weak decay it#p quarks. This process is
suppressed at lo)? due to the masses of the heavy quarks. These production niseisa
(figureslla, b, c) are characterised by a hard scale allowing perturbative treatment. The
relative rate of the BGF processes depends strongly on tir&d3) scaling variable due to the
strong rise of the gluon density at low In the kinematic region studied in this analysis (loyw
the BGF contributions are expected to be significant. Adogrtb the Monte Carlo predictions
described below, roughlgs % of the strange hadrons originate from strange quarks pestiuc
in the hard interaction either directly (figuriels 1a and b)lwotigh heavy quark production in
BGF processes (figuté 1c). In regions of phase space wherpigtk masses are not relevant
with respect to the process scales (e.g. at very bighthis rate can reach up t%.

The largest contribution to strange quark production istdube colour field fragmentation
processes, as illustrated in figltte 1d). As these processasat large distances they cannot be
treated perturbatively and thus phenomenological modetd) as the LUND string model [10],
are required for their description.

Frames of reference customarily used to study particleymtooh are the laboratory and the
Breit frame [11]. In the Breit frame of reference the virtaphce-like photon has momentadn
but no energy. The photon direction defines the negataes with the proton moving in the z
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direction. The transverse momentum in the Breit frgifi& is computed with respect to this
axis. Particles from the proton remnant are almost coltib@d@he incoming proton direction,
therefore the hemisphere defined g > 0 is labelled as the target hemisphere. Equally,
in the QPM the struck quark only populates the current hengisp 7 < 0). Higher order
processes modify this simple picture as they generateveass momentum in the final state
and may lead to particles from the hard subprocess propagato the target hemisphere.

In the current hemisphere, the mechanism of particle prii@ushould in principle resem-
ble that of collisions without an incident proton likee . In analogy withe*e ™ collisions the
fragmentation variable ™" = 2|7|/Q is defined, wherg' is the momentum of the particle
in the Breit frame;z """ corresponds t@, = p/peeam IN e*e™ collider experiments. Strange
quarks produced directly in the hard interaction are exguetd preferentially populate the cur-
rent hemisphere, which is less sensitive to non-pertwbdatirangeness contributions. In the
case of baryon production the hemisphere separation isllusestudy also baryon transfer,
which is expected to be relevant at higf\’"e“ in the target frame.

2.2 MonteCarlo Simulation

The deep-inelastiep interactions are simulated using the DJANGOH program [12pener-
ates hard partonic processes at Born level and at leadimg ord s (€.9.7*¢ — ¢, v*¢ — qg,
v*g — qq ), convoluted with the parton distribution function (PDB} the proton, chosen herein
to be CTEQG6L [[13]. The factorisation and renormalisatioales are set tp} = u; = Q.
Within DJANGOH, higher order QCD effects are accounted &ing either the parton shower
approach as implemented in LEPTO [14] (referred to as MERS3)ycathe so-called colour
dipole model approach available within ARIADNE [15] (refed to as CDMI[16]). In LEPTO,
the parton showers are ordered in the transverse momestaf(emissions, according to the
leading log(Q?) approximation. In the ARIADNE program, the partons areagated by colour
dipoles spanned between the partons in the cascade; smckpibles radiate independently,
there is naty ordering.

The hadronisation process is modelled according to the L@bIDur string fragmentation
model [10], as implemented in the JETSETI[17] program. Withis model, the strange quark
suppression is predominantly described by the (constaatdif\, = P,/ FP,, whereP; and P,
are the probabilities for creating strangg ¢r light (; = u or d) quarks in a non-perturbative
process from the colour field during the fragmentation psec&urther important parameters of
this model are the diquark suppression factgr= P,,/F,, i.e. the probability of producing a
light diquark pairqqgqg from the vacuum with respect to a ligig pair, and the strange diquark
suppression factok,, = (Ps,/P,,)/(Ps/P,), which models the relative production of strange
diquark pairs. These are the two most relevant factors d#scription of baryon production.
The s3 pair production rate is primarily dominated By, i.e. u(@) : d(d) : s(3) = 1:1: A,.
The values tuned to hadron production measurements by tldALcollaboration[[4] X; =
0.286, A\¢q = 0.108, and),, = 0.690) are taken herein as default values for the simulation of
hadronisation within JETSET.

Previously published H1 and ZEUS datal[8] 18] are betterrdesat by a lower value; =
0.2. Arecent ZEUS analysis [9] favoups = 0.3 from cross section results and = 0.22 from
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measurements of the strange mesons to charged hadrondtaieame theoretical framework
is also used im*e™ analyses and thus allows for tests of strangeness suppressversality.

Monte Carlo event samples generated with DJANGOH are usethéacceptance and
efficiency correction of the data. All generated events agsed through the full GEANT
[19] based simulation of the H1 apparatus and are recoristfand analysed using the same
programs as for the data.

3 Experimental Procedure

3.1 H1 Detector

A detailed description of the H1 detector can be found_in [20] the following, only those
detector components important for the present analysideseribed. H1 uses a right handed
Cartesian coordinate system with the origin at the nomipahteraction point. The proton
beam direction defines the positiveaxis of the laboratory frame and transverse momenta are
measured in the — y plane. The polar anglé is measured with respect to this axis and the
pseudorapidity; is given byn = — In tan £.

Charged particles are measured in the Central TrackingcERet@CTD) in the range-1.75 <
n < 1.75. The CTD comprises two cylindrical Central Jet ChambersC&Jarranged con-
centrically around the beam-line, complemented by a silieertex detector (CST) [21], two
z-drift chambers and two multi-wire proportional chambenstfiggering purposes, all within a
solenoidal magnetic field of strengthi6 T. The transverse momentum resolution {$7)/pr
~ 0.006 pr / GeV & 0.015 [22]. In each event the tracks are used in a common fit proesgtdur
determine thep interaction vertex.

The tracking detectors are surrounded by a Liquid Argonraaketer (LAr) in the forward
and central region<{1.5 < n < 3.4) and by a lead-scintillating fibre calorimeter (SpaCal)
in the backward region [23]44 < n < —1.4). The SpaCal is designed for the detection
of scattered positrons in the DIS kinematic range constlbeze and has an electromagnetic
energy resolution ofx/E ~ 7%/\/E/ GeV @& 1%. The backward drift chamber (BDC),
positioned in front of the SpaCal, improves the measuremwigthie positron polar angle and is
used to reject neutral particle background. The DIS eveatied in this paper are triggered by
an energy deposition in the SpaCal, complemented by signtdie CJCs and in the multi-wire
proportional chambers.

The luminosity is determined from the rate of the Bethe-ldeprocessep — epy, mea-
sured using a calorimeter located close to the beam pipe-at-103 m.

3.2 Sdection of DIS Events

The analysis is based on a data sample corresponding to egrated luminosity ofZ =
49.9 pb*, recorded when HERA collided positrons at an endrgy 27.6 GeV with protons at
920 GeV in the yeard999 and2000.



The selection of DIS events is based on the identificatiorhefdcattered positron as a
compact calorimetric deposit in the SpaCal. The clustausad required to be less tharb cm,
consistent with an electromagnetic energy deposition.climer centre must be geometrically
associated with a charged track candidate in the BDC. Thesditoons reduce background
from photoproduction processes.

At fixed centre of mass energigés the kinematics of the scattering process are described
using the Lorentz invariant variabl€®, y andz. These variables can be expressed as a function
of the scattered positron energy and its scattering angk in the laboratory frame:

0. E! 0. 2
Q* = 4E,FE’ cos? <3> , y=1-— fe sin? <3> , T = % Q)

The negative four-momentum transfer squafdand the inelasticity are required to lie
in the range? < Q? < 100GeV? and0.1 < y < 0.6. Background from events at lo@?,
in which the electron escapes undetected down the beam pipa hadron fakes the electron
signature, is suppressed by the requirement that the eliffe’>(E — p,) between the total
energy and the longitudinal momentum must be in the r&age > (F —p,) < 70 GeV, where
the sum includes all measured hadronic final state par@idghe scattered electron candidate.
Events are accepted if thecoordinate of the event vertex, reconstructed using theking
detectors, lies withirt35 cm of the mean position fap interactions.

3.3 Sdection of Hadron Candidates

The neutral strang&? meson and\ baryon statésare measured by the kinematic reconstruc-
tion of their decaysk? — n*n~ andA — pr~. The analysis is based on charged parti-
cles measured in the central region of the H1 detector withrégnmum transverse momentum
pr > 0.12GeV. The neutral strange hadroR$ andA are identified by fitting pairs of oppo-
sitely charged tracks in the — y plane to their secondary decay vertices, with the direation
flight of the mother particle constrained to the primary e¢wartex. K? andA candidates are
retained if the fit probability is above%. In order to reduce background, the radial distance
L of the secondary vertex to the beam line is required to bestaigan5 mm and the vertex
separation significanck/o;, > 4, whereo, is the uncertainty of.. The transverse momentum
and the pseudorapidity of th€? (A) candidates are required to sati$fy < pr < 3.5 GeV
and|n| < 1.3. A detailed description of the analyses can be foundin[[84, 2

For K? candidate reconstruction both tracks are assumed to be,pidrile for theA re-
construction the track with the higher momentum is assurodaktthe proton and the other
track is assumed to be the pion. The contamination fAofi’) decays inK?(A) candidates is
suppressed by a rejection of the corresponding invariassmegion:| M (wp) —my |> 6 MeV
for the K? and| M(rm) — myo |> 10MeV for the A selection. The\ (A) baryons are tagged
by the electrical charge of the decay proton (antiprotohp ihvariant mass spectid (77 ™)
andM (pr) of all candidates passing these criteria are shown in fig@iees] B, respectively.

tUnless explicitly mentioned, a reference to a state imghfiancludes the charge conjugate of that state.



The number of signal particle¥s is obtained by fitting the invariant mass spectra with the
sum of a signal and a background function. The signal funcfibas the same shape f&f and
A and is composed of two Gaussian functions of identical eémaluey and of different widths
o1 andos that account for different resolution effects. The back@lcd)functionsBKg(M) and
Ba(M) are chosen with different shapes for thié and A cases. These functions are defined
according to

S(M) = PO'G(NSnuaO-I)_'_(]'_PO).G(NSnuaO-?)) (2)
BA(M) = P (M —my)"™ - eltHPMre), 4)

Here, M denotes thew and thepr invariant mass, respectively, and, the nominal mass
of the A baryon [26]. The normalisatioVg, the central valug:, the widthses; ando, of the
Gaussian functiorts and the parameterB; are left free in the fit. P, represents the relative
normalisation of the two signal Gaussians. For the diffeagdistributions the fit is repeated in
each of the kinematic bins.

The fityields approximatel®13000 K mesons. The fitted mass4§6.9 + 0.1 ( stat) MeV
is consistent with the world average [26] and the measurethmédth13.8 + 0.4 ( stat) MeV
is described by the simulated detector resolution withi#2h the case of tha the fit yields
approximately22000 A and20000 A baryons. The fitted mass 0f15.8 + 0.1 ( stat) MeV is
also consistent with the world average|[26] and the measwisith of 4.3 + 0.3 ( stat) MeV
Is consistent with the detector resolution within 20%.

Charged hadrons* used for the ratid?( K°/h*) are defined as long-lived particles with
a lifetime > 10~® s detected in the same kinematic region as strange parfigles< 1.3,
0.5 < pr < 3.5GeV), with the following additional requirements: eachcitanust point to
the primary vertex, the number of associated hits in the CdGtroe greater than eight, the
radial track length must be longer tham cm and the radial distance from the beam line to the
innermost hit associated with the track must be less Boaem.

4 Results

4.1 Determination of Cross Sections

The total inclusive cross sectior;, in the accessible kinematic region is given by the following
expression:

B N

" L-¢BR-(1+6.4q) ’

where N represents the observed numberdf, the sum ofA and A baryons or the charged
hadronsh*, respectivelyL denotes the integrated luminosity. The branching rafiésfor the
K? andA decays are taken from [26] ai®lz = 1 for charged hadrons. The numberZof and
A particles are determined by fitting the mass distributianexplained in section 3.3. In the
case of differential distributions the same formula is &upin each bin.

Ovis(ep — e[K?,A, hi]X) (5)
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The efficiency is given bye = €,..-€;i, Where,.. is the reconstruction efficiency ang;,
is the trigger efficiency. The reconstruction efficiency ssimated using CDM Monte Carlo
event samples for the kinematic region and the visible ratefimed in sections 3.2 afd B.3,
and amounts t83.3 % and19.5 % for the K? mesons and th& baryons, respectively. These
numbers include the geometric acceptance and the efficiendyack and secondary vertex
reconstruction. The geometric acceptance to find both deasicles in the CTD is abo&0 %
for the K? mesons and0 % for the A baryons, respectively

The trigger efficiency is extracted from the data using nwnitiggers and amounts to
81.5 % and83.3 % for the K? and theA, respectively. The radiative correctiép,, corrects the
measured cross section to the Born level and is calculaiad tise program HERACLES [27].
It amounts tdj,.; = 6.6(4.3) % for the K (A) on average and varies betweef% and+19%
over the kinematic range considered. The trigger efficieanny radiative corrections are as-
sumed to be the same for particles and antiparticles.

In the case of charged hadrohs, the reconstruction efficienay.. is defined such that it
includes corrections fok? and A decays, secondary interactions, photon conversions &nd th
track reconstruction efficiency. The total correctigh + ¢,,4) amounts t1.1%.

4.2 Systematic Uncertainties

The systematic uncertainties are studied using the CDM ®Qatrlo simulation, unless oth-
erwise stated. For the inclusive cross sections, the regudiystematic uncertainties are sum-
marised in tablgll. For the differential cross sectionssistematic uncertainties are estimated
in each bin. The following contributions are considered:

e The energy scale in the Spacal measurements is knowfitexcept for the lowes)?
bin 2 < Q? < 2.5 GeV?) where the uncertainty on the energy measuremenpi%.

e The uncertainty of the measurement of the polar angle ofdhttesed positron i$ mrad.

e The uncertainty on the overall number of reconstrudt@dand A particles is determined
from data by comparing the numbers obtained from the fit ofntlass spectra with the
number obtained by simply counting the events withieioc of the nominal mass after
subtracting the expected background. The number of bagkgrevents is estimated
by integrating the background function described in equadi over the corresponding
interval 0.42 — 0.58 GeV for K9 and1.085 — 1.2 for A). The procedure is cross checked
by performing the fit in different mass ranges.

e The uncertainty of the reconstruction efficiency is deteediby comparing its estimation
using different models. The uncertainty is takerba$; of the difference between the
CDM and the MEPS Monte Carlo simulations.

e The uncertainty on the trigger efficiency is obtained by carimg estimates using differ-
ent monitor triggers (MT).

e The uncertainty on the luminosity measuremernitis).
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e The uncertainty of the charged hadron reconstructia*Visper track. For the measure-
ment of theA to K? ratio the uncertainty caused by the pion track appearingoth b
decays is assumed to cancel. The systematic uncertainheaatiok? /h* is estimated
to be2.0 %.

e The uncertainty due to the decay branching ratios is takérasfor A and is negligible
for K? [26].

Source Variation Ao(K?) | Ao(A) | R(A/K?) | R(K?/h*)

7] 7] 7] 7]

E; +1% s | Y - -

0. +1 mrad +1.4 +1.5 — —
signal extraction W +0.6 +1.4 +1.5 +0.6
model 0.5 % +0.4 | +1.2 +1.2 +3.5
trigger efficiency| ““yha | g |tk i

luminosity +1.5 +1.5 — —
track reco. 2.0 % per track +4.0 +4.0 +2.0 +2.0
branching ratio +0.1 +0.8 +0.8 +0.1
Total systematic uncertainty e e 2 iy

Table 1. Systematic sources, variations and correspomdlative errors of the inclusive cross
sections and of the ratios afto K? andK? to charged hadrons. All relative errors are expressed
as percentages.

The systematic errors due to these uncertainties are dstiny varying each quantity
within its error in the Monte Carlo simulation and repeatthg cross section measurement.
In the cross section calculation, the contributions areeddd quadrature and included in the
uncertainty shown in the individual bins of the differehtigstributions. In the ratios, the un-
certainties on the electron energy scale and polar angleethsis the luminosity, cancel. The
other sources of uncertainty are assumed to be uncorrelatedre added in quadrature.

4.3 Inclusive Production M easurements

The inclusiveK?, A and charged hadrai* production cross sectiomrs,, are measured in the
kinematic regior2 < Q2 < 100 GeV? and0.1 < y < 0.6, forthe range$.5 < pr(K?, A, h*) <
3.5 GeV and|n(K?, A, h*)| < 1.3.
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The K? cross section is found to be
Ouis(ep — eK0X) = 21.18 + 0.09(stat) 123 (syst) nb. (6)

The measurement is in agreement with the expectatioit nb based on the LO Monte Carlo
program DJANGOH, using the CDM approach and the defaultevafu, = 0.286.

The cross section for the sum afandA baryon production is measured in the same kine-
matic region and is found to be

Ois(ep — e[A + A]X) = 7.88 + 0.10(stat) T4 (syst) nb, (7)

in agreement with the expectation b4 nb from the DJANGOH calculation. The individual
A andA production rates are measured to be
ovis(ep — eAX) = 3.96 + 0.06(stat) )23 (syst) nb, (8)
ovis(ep — eAX) = 3.94 4 0.07(stat) )23 (syst) nb, (9)
and are therefore found to be consistent with each otheimilkie statistical precision. The

measurements are also in agreement with the DJANGOH piadizt3.97 nb. The systematic
errors are fully correlated.

The inclusive ratio of strange baryon to meson productiatetermined to be

ovis(ep — e[A + A]X)
Ovis(ep — e K0 X)

= 0.372 £ 0.005(stat) *3015 (syst), (10)

in agreement with the prediction 61365 from the DJANGOH calculation.

The ratio of cross sections &f mesons to charged hadrofs is found to be

Tvis(ep — e K2 X)

= 0.0645 + 0.0002(stat) F0-0019 (gyst) 11
Tois(€p — €hT X)) (stat) "5 0020 (SYst), (11)

in agreement with the DJANGOH prediction 000638 based on MEPS with,= 0.22.
Similar values of).05 — 0.07 are obtained for the ratio of the averay€ multiplicity over the
average charged pion multiplicity in"e~ annihilation events at centre of mass energies from
10 to 200 GeV [26].

4.4 Differential Production Cross Sections

Production cross sections and ratiosfof, A and charged hadroris® are measured in the
visible kinematic region differentially in the event varlas Q? andz and in the laboratory
frame variabler andn. Differential cross sections are also measured as a funofidhe
variablesz)* andp;*"* defined in the Breit frame. The results are bin-averaged artim
centre corrections are applied. The distributions are shiaigured 4 t¢ 113 and are compared
with the predictions. The numerical values are also listedbles P t¢ 8.
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4.4.1 Discussion of K? and A Results

The measured differential cross sectiong@fandA production are shown in figurs 4[fb 7 and
listed in table§ 2 t615. The cross sections decrease ramdyfanction ofQ)? andz, similarly
to the inclusive DIS distributions. The cross sections #se abserved to fall rapidly witpy.

In the laboratory frame the overall features of the distitns are reproduced by the DJAN-
GOH simulations at the level dfdo to 20%. For comparison, the CDM and MEPS model pre-
dictions are each given with two values of the suppressiotofa,= 0.3 and\,= 0.22. The
predictions based on the CDM model with= 0.3 provide a reasonably good description of the
data forK? and A production. The MEPS simulation produces distributionksicl are quite
similar in shape to the CDM model predictions but with a d#f& normalisation in the case
of K? production, where a lower value af= 0.22 describes the data better. In the casé of
production, both MEPS and CDM predictions are very simiteshape and normalisation and
s = 0.3 provides a better description of the data. For these cosgasj only the parametg&g
is varied to describe the data. However, in contrast taiffiethe A production cross sections
also depend significantly on the JETSET parameters thatidestiquark and strange diquark
creation.

The cross sections measured as a functiarfof* andp7"* in the Breit frame are shown in
figured 6 andl7 and listed in tablgs 4 &nd 5, for both the targkttee current region. The cross
section values in the target regions are about one order ghitaale higher than in the current
region. They are generally well described by both the MERBGDM model predictions. The
predicted momentum distributions tend to be softer thaméndata. However, in the current
region the sensitivity ta\, is clearly reduced with respect to the laboratory frame ertéinget
region. This is due to both larger errors and an increasetidraof strangeness produced in
perturbative processes, which contributes up to abdidt@@mpared to about 25in the target
hemisphere).

To test the mechanism of baryon number transfer, the asyryrimethe production of\
with respect to\ is measured by the variable
Tvis(ep — eAX) — 0yis(ep — eAX)

Ay = ——. 12
A Ovis (ep — 6AX) + Oyis (ep — 6AX) ( )

A significantA - A asymmetryA, # 0 would indicate a transfer of the baryon number from
the proton beam to the final state strange particles. Theuregslistributions ofd, in the
laboratory and Breit frames are shown in figurés 8 [@and 9, otispdy. All distributions are
observed to be compatible with zero within errors. Thusidence of baryon number transfer
is visible in the measuret/A data.

In order to test for possible dependencies of strange hgmamuction on the proton parton
density functions, the measured distributions are congpaii¢h different PDF parametrisa-
tions. Figuré_1ID shows the differential cross sectiongifrand A production compared with
the CDM predictions using the CTEQG6L [13], H12000L/O|[28] &RV LO [29] parametrisa-
tions and)\, = 0.286. The predictions of th€)? dependence of the cross section are notably
different for different PDFs for both th&? and theA. The pr distributions indicate only a
slight dependence while the distributions do not exhibit any PDF dependence. The small
discrepancy in the forward direction is not resolved byati#ht PDF parametrisations. Similar
results are obtained in the Breit frame.
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4.4.2 Ratiosof Production Cross Sections

Different aspects of baryon production within the fragnag¢ioih models can be tested with
reduced theoretical uncertainties by studying the ratithefdifferential cross sections far
baryons and<? mesonsik(A/K?) = do(ep — eAX) | do(ep — eK?X). The measurements
are shown in figurés 11 ahd]12 and listed in tables @ and 7. Thé i@iplementation provides
a reasonably good description of the data in the laboratarpé (figuré_11), although system-
atic deviations are seen at hig)t and in the shape of the distribution, whereas the MEPS
predictions clearly underestimate the data. The modeligfeds are not sensitive td,, as
expected.

The dependence d@t(A/K?) onp7™* andz )" (figure[12) are reasonably well described
in both the target and current hemispheres. The predictimalmost independent of the model
implementation (CDM, MEPS) and thg values used.

The ratio of differential production cross sections f6f mesons and charged hadrons,
denoted byR(K?/h*) = do(ep — eK°X) | do(ep — eh®™ X), is equivalent to the ratio of the
average multiplicities of<? and charged hadrons. In contrast to inclugieproduction, the
correlation ofR(K?/h*) to the parametek, is expected to be less model dependent. By taking
the ratio, inadequacies of the model description of theopartfinal states and in particular
of the dependence on the proton structure function shouldetdo a large extent. The ratio
R(K?/h*) is shown in figur€ 3 and listed in taljle 8 as a functio®dfz, pr andn. The ratio
strongly rises with increasing; and remains approximately constant as a function of all the
other variables. Thigs; dependence ak(K?/h*) reflects a general kinematic feature (heavier
particles receive the larger fraction of the system monmahtand can also be observed in the
A/K? ratio in figureT1.

Also shown with the data are the CDM and MEPS model predistfontwo values of\,
(0.22 and0.3). Overall, no single prediction is able to fully describe #hapes of alR(K?/h*)
distributions, failing in particular in the lowr, low x and large positive) regions. Thepr
spectrum of2( K?/h*) is found to be harder in the data, consistent with the corahssierived
from the cross section measurement.

The shapes of the ratioB(K?/h*) are reasonably described by both CDM and MEPS
model predictions. However, there is a difference in norsasibn between the two models.
The CDM prediction with\, = 0.3 is in better agreement with the data at IQ#%, whereas at
high Q? a value of\, = 0.22 is preferred, as observed in the ZEUS data [9]. In contrbst, t
MEPS model predictions prefer a lower value\gf= 0.22 over the full phase space.

A comparison of the predictions, applying different segsifior the diquark-quark suppres-
sion factors {,,, \s;) shows the expected behaviour. In general, no changessibdevin the
shapes of the differential distributions, however somé&tkdhces are present in the absolute
normalisation. Thek? distributions are not affected, as expected, and boththed the ratio
R(A/K?) show the anticipated correlations to the suppression fag¢tq,, \;,). These pre-
dicted effects are mostly independent of the choice of\thealue, used for the simulation, and
indicate that the “ALEPH-tune” froma*e~ collisions also describes the overall features of the
data inep collisions, supporting the universality of strangenesglpction.
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5 Conclusions

The production cross sections and ratios of the productioli%Q A and charged hadroris
are measured inclusively and also differentially as a fioncof the DIS variables and of the
final state particle variables in the visible kinematic cegidefined by2 < Q% < 100 GeV?,
0.1 <y<0.6,05<pr(K2 A L) <3.5GeVandn(K?, A, h*)| < 1.3.

The measured total cross sections and their ratios are eeagmnt with the predictions
based on DJANGOH. The overall features of the various diffgal distributions are reasonably
well reproduced by both simulations, based either on the Gibthe MEPS approach, when
applying model parameters obtained frerfme~ data at LEP. However, predictions based on
a single value of\, fail to describe the details of the distributions in variaegions of the
phase space, in particular in the lgw, low x and large positive) regions. The production of
K? andA particles, as measured in the Breit frame, is in generalritestby both CDM and
MEPS predictions. The measurement of the asymmetry in theéustion of A with respect to
A, which is found to be consistent with zero within errors, slaet support the hypothesis of
baryon number transfer.

The A to K? cross section ratio is better described by the CDM predictind is nearly
independent of the, value, whereas for th&? to charged hadrons cross section ratio the
MEPS model with\, = 0.22 is in better agreement with the data.
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target hemisphere (a, b) and in the current hemisphere (dMidye details in the caption of

figure[4.
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Figure 8: The asymmetny, of the differential production cross sections of thendA baryons
in the laboratory frame as a function of the a) photon viityalquared?? , b) Bjorken scaling
variablez, c) transverse momentupr and d) pseudorapidity. The asymmetry is defined as
Ap = [oyis(ep — eAX) — oyis(ep — eAX)]/[0vis(ep — eAX) + 0yis(ep — eAX)]. The error
bars show the statistical uncertainty.
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Figure 9: The asymmetny, of the differential production cross sections of thendA baryons
measured in the Breit frame as a function of transverse mames’"** and momentum frac-
tion xf’"eit in the target hemisphere (a, b) and in the current hemisiibedg. The asymmetry is
defined asdy = [0yis(ep — eAX) —0yis(ep — eAX)]/[0vis(ep — eAX) +0yis(ep — eAX)].
The error bars show the statistical uncertainty.

24



ep— eKIX

—
> I E I
g "H1 —$- H1Data = 10*H1
[y
< L Ke] L
2 6 — CDM (CTEQ6L) = i
rb sl e CDM (GRV LO) Oxm L
E s Q L
= - ---- CDM (H12000 LO) 1 =
oxm 4 % 6 |
() C 5 r
1 3 — © r
N 4l —$- H1 Data
g L i — CDM (CTEQ6L)
) - 2 - e CDM (GRV LO)
- " b) ---- CDM (H12000 LO)
) - _ p 1 L ! [
8 12F 8
3 >
S 3
2 ‘ , E 1 05 0 05 1
10 10
Q? [GeV] !

ep—eAX

T 3F g
c r

3 - H1 —$- H1Data % ar-H1 +
~ [~ -c I

E I — CDM (CTEQ6L) §\ i ++
e Mmoo CDM (GRV LO) S 3F i

= 2 7‘%

= I ---- CDM (H12000 LO) ; -

< | = |

(0] \b/ i

1 r °o2r

5 1 | i -4~ H1 Data

: i i

5 i i — CDM (CTEQS6L)

| - 1 L
o CDM (GRV LO)
i " d) ---- CDM (H12000 LO)

) _ . | L | L
g T

g a

> P

g o

S (]

Q ey

£ ==

Figure 10: The differential production cross sections i ldboratory frame as a function of
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Figure 11: The ratio of the differential production crosstams for A baryons and¢? mesons
in the laboratory frame as a function of the a) photon viityalquared?? , b) Bjorken scaling
variablez, c) transverse momentupr and d) pseudorapidity. More details in the caption of
figure[4.
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Figure 12: The ratio of the differential production crosstams for A baryons and¢? mesons
in the Breit frame as a function of transverse momeng#ii"* and momentum fractiom**
in the target hemisphere (a, b) and in the current hemisgbed?. More details in the caption
of figure[4.
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Figure 13: The ratio of the differential production crosstsms for K? mesons and charged
hadrons in the laboratory frame as a function of the a) pheaitbmality squared)? , b) Bjorken
scaling variabler, c) transverse momentupm- and d) pseudorapidity. More details in the
caption of figuré 4.
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‘ ep - eK?X ‘

Q? do/dQ?  stat. syst.{) syst ()
[GeV?] [nb/GeV?]
2-25 5.73 0.10 0.58 0.71
25 -3 4.05 0.08 0.29 0.29
3-4 3.08 0.05 0.21 0.21
4 -5 2.00 0.03 0.12 0.13
5-7 1.332 0.018 0.082 0.082
7 - 10 0.764 0.011 0.045 0.047
10 - 15 0.417 0.006 0.023 0.024
15 - 25 0.197 0.003 0.012 0.012
25 — 100 0.0340 0.0004 0.0020 0.0021
x do/dz stat.  syst.{) syst ()
[1b]

0.00004 - 0.0001 69.4 1.0 4.4 4.4
0.0001 - 0.0003] 51.7 0.6 3.2 3.3
0.0002 - 0.0004| 24.0 0.3 1.4 15
0.0004 - 0.001 7.07 0.07 0.43 0.43
0.001 - 0.01 0.315 0.004 0.019 0.019

pr do/dpr  stat.  syst.4) syst ()

[GeV] [nb/GeV]
05 - 0.6 34.6 0.5 2.0 21
0.6 - 0.7 29.6 0.4 1.7 1.7
0.7 - 0.8 255 0.4 14 15
0.8 - 0.9 204 0.3 11 1.2
09 - 11 15.2 0.2 0.9 0.9
11 - 13 10.46 0.14 0.61 0.63
13 - 16 6.91 0.10 0.46 0.46
16 - 22 3.13 0.04 0.20 0.20
22 - 35 0.83 0.02 0.06 0.06
n do/dn stat.  syst.4) syst. ()

[nb]

-13 - -1 8.08 0.12 0.41 0.42
-1 - -0.75 8.69 0.13 0.51 0.52
-0.75 - -0.5 8.64 0.12 0.44 0.46
-05 - -0.25 8.56 0.13 0.47 0.50
-0.25 - 0 8.79 0.16 0.56 0.59
0 - 0.25 8.65 0.14 0.58 0.60
0.25 - 05 7.58 0.13 0.52 0.52
05 - 0.75 7.99 0.13 0.55 0.56
075 - 1 7.98 0.15 0.54 0.54
1 - 13 8.06 0.13 0.54 0.54

Table 2: The differentiak? cross-section values as a function@f, =, pr andn in the visible
region defined by < Q% < 100 GeV? and0.1 < y < 0.6. The bin ranges, the bin averaged
cross section values, the statistical and the positive agative systematic uncertainties are

listed.
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ep >eAX

Q? do/dQ? stat.  syst.{) syst )
[GeV?] [nb/GeV?]

2 — 25 2.33 0.14 0.25 0.30
25 - 3 1.58 0.09 0.12 0.13
3 -4 1.13 0.05 0.08 0.08
4 - 5 0.73 0.04 0.05 0.05
5 -7 0.462 0.018 0.028 0.030
7 — 10 0.282 0.012 0.019 0.020
10 — 15 0.153 0.006 0.009 0.009
15 - 25 0.071 0.003 0.004 0.004
25 — 100 0.0120 0.0004 0.0006 0.000¢
x do/dz stat.  syst.{) syst. ()

[ub]

0.00004 - 0.0001 28.1 1.1 2.0 2.0
0.0001 - 0.000Z] 20.1 0.7 1.4 14
0.0002 — 0.0004] 8.5 0.3 0.5 0.5
0.0004 - 0.001 2.57 0.08 0.15 0.15

0.001 - 0.01 0.104 0.003 0.006 0.006
pr do/dpr  stat. syst.4) syst ()
[GeV] [nb/GeV]
05 - 0.6 8.4 0.8 0.8 0.8
0.6 — 0.7 8.0 0.5 0.4 0.5
0.7 — 0.8 7.9 0.5 0.5 0.5
0.8 - 0.9 6.8 0.3 0.5 0.5
09 - 11 6.1 0.2 0.4 04
11 - 13 4.70 0.18 0.29 0.30
13- 16 3.05 0.10 0.20 0.20
16 — 2.2 1.52 0.05 0.09 0.09
22 - 35 0.42 0.02 0.02 0.02
n do/dn stat.  syst.{4) syst. )
[nb]
-1.3 - -1 2.67 0.14 0.15 0.15
-1 - -0.75 2.87 0.14 0.16 0.17
-0.75 - -0.5 3.03 0.15 0.17 0.17
-0.5 - -0.25 2.76 0.13 0.18 0.18
-0.25 - 0 2.74 0.15 0.19 0.20
0 - 0.25 2.92 0.15 0.21 0.22
0.25 - 0.5 2.95 0.14 0.21 0.22
0.5 - 0.75 3.36 0.17 0.23 0.23
075 - 1 3.43 0.15 0.25 0.25
1-13 3.88 0.16 0.28 0.31

Table 3: The differential cross-section values as a function®f, =, pr andn. More details

in caption of tabl&12.
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‘ ep - eK?X ‘

pBreittarget || do/dpBreit  stat.  syst.{) syst. )

[GeV] [nb/GeV]

05 -1 21.20 0.19 1.20 1.23

1 - 1.25 10.05 0.16 0.57 0.57
125 - 15 6.12 0.13 0.35 0.37
15 - 25 2.04 0.04 0.12 0.12
25 -4 0.230 0.008 0.011 0.011
pBreit current | do/dpBreit stat.  syst.4) syst. ()

[GeV] [nb/GeV]

0 - 0.6 2.00 0.05 0.14 0.16
0.6 — 3 0.277 0.009 0.031 0.036
zPret target || do/dzlreit stat.  syst.4) syst. )

[nb]

0 — 0.45 4.01 0.08 0.22 0.23
045 - 1 5.43 0.09 0.39 0.42

1-2 3.66 0.05 0.25 0.25

2 -4 2.03 0.03 0.11 0.11

4 — 7 0.984 0.016 0.05 0.05

7 - 11 0.478 0.011 0.026 0.028
11 - 20 0.167 0.005 0.011 0.013
zPreit current|| do/dzlre  stat.  syst.4) syst. ()

[nb]

0 - 03 3.27 0.08 0.18 0.20

03 -1 1.20 0.04 0.14 0.17

Table 4: The differentiak’) cross-section values as a functiorp@f<* and=7"*" in the target
and current hemispheres of the Breit frame. More detailaption of tablé P.
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ep >eAX

pBreittarget || do/dpBreit  stat.  syst.{) syst. )

[GeV] [nb/GeV]

05 -1 6.97 0.19 0.38 0.40

1-1.25 452 0.17 0.28 0.28
1.25 - 15 2.71 0.13 0.17 0.17
15 - 25 1.01 0.04 0.06 0.06
25 -4 0.114 0.009 0.007 0.008
pBreit current | do/dpBreit stat.  syst.4) syst. ()

[GeV] [nb/GeV]

0 - 0.6 0.307 0.028 0.017 0.018
0.6 — 3 0.051 0.004 0.004 0.004
zPret target || do/dzlreit stat.  syst.4) syst. )

[nb]

0 — 045 0.94 0.05 0.05 0.06
045 - 1 151 0.07 0.11 0.12

1-2 1.09 0.05 0.08 0.09

2 -4 0.75 0.03 0.05 0.05

4 — 7 0.45 0.02 0.03 0.03

7 - 11 0.220 0.011 0.015 0.016
11 - 20 0.102 0.006 0.008 0.008
zPreit current|| do/dzlre  stat.  syst.4) syst. ()

[nb]

0-03 0.55 0.05 0.04 0.04

03 -1 0.21 0.02 0.03 0.03

Table 5: The differential\ cross-section values as a functionpgf** and=/""* in the target
and current hemispheres of the Breit frame. More detailaption of tablé P.
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| R(A/K?) |

Q? R(A/K?) stat. syst.{) syst ()

[GeV?]
2 - 25 0.406 0.025 0.018 0.019
25 -3 0.390 0.020 0.030 0.030
3-14 0.368 0.019 0.020 0.020
4 — 5 0.366 0.020 0.018 0.019
5-7 0.347 0.014 0.014 0.014
7 - 10 0.369 0.016 0.018 0.019
10 — 15 0.367 0.015 0.013 0.014
15 - 25 0.360 0.016 0.017 0.017
25 - 100 0.353 0.012 0.017 0.018
x R(A/K?) stat. syst.{) syst. ()

0.00004 — 0.0001f 0.405 0.017 0.024 0.025
0.0001 - 0.000Z| 0.390 0.014 0.019 0.020
0.0002 — 0.0004| 0.355 0.011 0.012 0.013
0.0004 - 0.001 0.364 0.012 0.013 0.014
0.001 - 0.01 0.329 0.011 0.016 0.017

pr R(A/K?) stat. syst.{) syst ()
[GeV]
05 - 0.6 0.24 0.02 0.02 0.02
0.6 — 0.7 0.268 0.017 0.009 0.010
0.7 — 0.8 0.309 0.020 0.015 0.016
0.8 - 09 0.334 0.014 0.016 0.017
09 - 11 0.402 0.017 0.015 0.016
1.1 - 1.3 0.450 0.018 0.015 0.016
13- 16 0.442 0.016 0.021 0.022
16 - 2.2 0.485 0.016 0.019 0.020
22 - 35 0.505 0.027 0.031 0.032
n R(A/K?) stat. syst.{) syst ()
-1.3 - -1 0.331 0.018 0.015 0.015
-1 — -0.75 0.330 0.017 0.018 0.018
-0.75 - -0.5 0.350 0.018 0.013 0.014
-0.5 - -0.25 0.323 0.016 0.015 0.016
-0.25 - 0 0.311 0.018 0.017 0.017
0 - 0.25 0.337 0.018 0.018 0.018
0.25 - 0.5 0.389 0.019 0.017 0.018
0.5 - 0.75 0.420 0.023 0.014 0.015
075 -1 0.430 0.020 0.017 0.018
1-13 0.48 0.02 0.02 0.02

Table 6: The values of the ratio R(K?) of the differential cross-sections for baryons and
K? mesons as a function 6§, x, pr andn. More details in caption of tablé 2.
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| R(A/K?) |
pPreittarget || R(A/K?) stat.  syst.{) syst ()

[GeV]
05 -1 0.329 0.009 0.008 0.009

1-1.25 0.449 0.019 0.015 0.016
125 - 15 0.443 0.023 0.017 0.018
15 -25 0.493 0.019 0.020 0.021
25 -4 0.495 0.043 0.026 0.027
pEreit current|| R(A/K?) stat.  syst.{) syst ()

[GeV]

0 - 0.6 0.153 0.015 0.005 0.005
0.6 — 3 0.185 0.017 0.008 0.008

zPreit target || R(A/K?) stat.  syst.4) syst. ()
0 — 0.45 0.235 0.014 0.008 0.008

045 - 1 0.277 0.013 0.010 0.011
1-2 0.297 0.014 0.013 0.013
2 -4 0.370 0.016 0.014 0.015
4 — 7 0.460 0.022 0.017 0.018
7 - 11 0.46 0.03 0.02 0.03
11 - 20 0.61 0.04 0.03 0.04
zPreit current|| R(A/K?) stat.  syst.{) syst ()
0-103 0.169 0.015 0.009 0.009
03 -1 0.174 0.017 0.012 0.012

Table 7: The values of the ratio R(K?) of the differential cross-sections for baryons and
K? mesons as a function of"** andz"*" in the target and current hemispheres of the Breit
frame. More details in caption of talile 2.
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| R(K?/h*) |

Q? R(K9/h*)  stat.  syst.{) syst ()
[GeV?]

20 - 25 0.0681 0.0002 0.0028 0.0029
25 - 3.0 0.0645 0.0001 0.0026 0.0027
3.0-40 0.0631 0.0002 0.0026 0.0027
40 - 5.0 0.0674 0.0002 0.0028 0.0028
50-7.0 0.0670 0.0002 0.0027 0.0028
7.0 — 10.0 0.0669 0.0002 0.0027 0.0028
10.0 — 15.0 0.0696 0.0002 0.0029 0.0029
15.0 - 25.0 0.0717 0.0002 0.0029 0.003(
25.0 — 100.0 0.0676 0.0002 0.0028 0.0028

x R(K°/h*) stat.  syst.{) syst. ()
0.00004 - 0.0001 0.0689 0.0002 0.0028 0.0029
0.0001 — 0.000Z 0.0671 0.0002 0.0027 0.0028
0.0002 — 0.0004 0.0644 0.0001 0.0026 0.0027
0.0004 - 0.001 0.0671 0.0002 0.0027 0.0028
0.001 - 0.01 0.0699 0.0002 0.0028 0.0029

pT R(K?/h*)  stat. syst.{) syst. ()

[GeV]

0.5 - 0.6 0.0499 0.0001 0.0020 0.0021
0.6 — 0.7 0.0522 0.0002 0.0021 0.0022
0.7 — 0.8 0.0572 0.0002 0.0023 0.0024
0.8 — 0.9 0.0633 0.0002 0.0026 0.0027
09 -11 0.0723 0.0002 0.0030 0.003(
1.1 -13 0.0773 0.0002 0.0032 0.0032
1.3-16 0.0872 0.0003 0.0036 0.0037
16 — 2.2 0.0955 0.0003 0.0039 0.004(
22 - 35 0.1020 0.0003 0.0042 0.0043

n R(K9/h*)  stat.  syst.{) syst ()

-1.3 - -1 0.0700 0.0002 0.0029 0.003(
-1 - -0.75 0.0696 0.0002 0.0029 0.0029
-0.75 - -0.5 0.0656 0.0002 0.0027 0.0028
-0.5 - -0.25 0.0635 0.0002 0.0026 0.0027
-025 -0 0.0654 0.0002 0.0027 0.0027
0 - 0.25 0.0616 0.0002 0.0025 0.0026
0.25 - 05 0.0646 0.0002 0.0027 0.0027
0.5 - 0.75 0.0653 0.0002 0.0027 0.0027
075 - 1 0.0670 0.0002 0.0027 0.0028
1- 13 0.0721 0.0002 0.0030 0.003(

Table 8: The values of the ratio of the differential prodaitcross sections fak? mesons and
charged hadrons as a function®@f, =, pr andn. More details in caption of tablé 2.
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