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Abstract. The inclusive production of the neutral vector far, only the measurements of the scalf(975), and ten-
mesons K°(892) and ¢(1020), and of the tensor meson sor, f,(1270), K;*(1430) andf,(1525), mesons have been
K3°(1430), in hadronic decays of the Z has been mearyeported by DELPHI [10, 11], and of the tensor;%1430),
sured by the DELPHI detector at LEP. The average promeson by OPAL [12].

duction rates per hadronic Z decay have been determined Thjs paper presents new DELPHI results ¢1020)

to be 077+0.08 K*°(892), 0104+ 0.008 $(1020) and  and K:°(1430) productioh and updates the previous DEL-
0.0794 0.040 K§0(1430) The ratio of the tensor-to-vector PHI measurements 0n*f«892) production [13]

meson production yieldgk3°(1430)) /(K*°(892)) = 0.10+ The data collected by the DELPHI experiment in 1994
0.05, is smaller than théf»(1270) /(p°(770)) and(f,(1525)  were used for the study of'R(892),$(1020) and K°(1430)
/{¢#(1020) ratios measured by DELPHI. The production ra- production; during this running period the DELPHI Ring
tes and differential cross sections are compared with thémaging Cherenkov (RICH) detectors were fully opera-
predictions of JETSET 7.4 tuned to the DELPHI data andtional, allowing good particle identification. The sample
of HERWIG 5.8. The K°(892) and¢(1020) data are com- corresponds to a total of 1.3 million hadronic Z decays.
patible with model predictions, but a large disagreement isThe ¢(1020) production was also studied with 2.9 million
observed for the 5@(1430). hadronic events collected by DELPHI in 1991-1994 without
use of particle identification.

After a brief description of the DELPHI detector and the
selection of hadronic Z decays, the charged particle iden-
tification procedure and the fitting procedures used to ex-
tract the K©(892), $(1020) and K°(1430) signals from the
K*7F and K'K~ invariant mass distributions are described.

) . The pr ion r nd their differential cr ions ar
With t_he large statistics presently accu_mula_ted by _the I‘EFatheen pp?edsuecr;[tgd grtgsc?)rr?ptaer (\j/viti ?)trt\:r fngzzusreeﬁlgnfsaaﬁd
experiments, at least one state per isospin multiplet ha

With model expectations.
been measured for the SU(3) pseudoscalar and vector meson P

nonets, and for the baryon octet and decuplet (for reviews,
see [1, 2]). This allowed tuning of a number of adjustable2
parameters in the QCD-based Monte Carlo models such as
JETSET [3] or HERWIG [4] to get a reasonable description
of the experimental data [5], thus obtaining useful infor-
mation about the nature of the fragmentation process. Still

the numerous model parameters are often strongly correlat rmance can be found elsewhere [14, 15]. Here, only the

and their physical interpretation is not always obvious. it~ properties relevant to the present analysis are sum-
On the other hand, the precise LEP measurements hay, arized

established new experimental regularities and provided new The charged particle tracks are measured in the 1.2T

|n_ﬁ|_|gr:_ts on Fhadtrr(])n prod(ljjctmnl mecf&anlsr?s dhe™ an- agnetic field by a set of tracking detectors. The average
P' Itﬂ 'OBS‘ or tetpsedu dosca ?rt and vec orlme(sjons, aNthomentum resolution for charged particles in hadronic final
or the baryon Octet and decuplet, a universal and energygiateg js in the rangdp/p ~ 0.001p to 0.0 (p in GeVi),

inde_pendent mass dependence of the relgt_ive pa_rtic_:le prQiepending on which detectors are included in the track fit.
duction rates has been observed [6]. Surprisingly similar be- A charged particle is accepted in this analysis if it

haviour was also established in pp collisions for particles NOY s momentuny greater than 0.2 Gel,/ momentum er-
resulting from fragmentation of the incident proton [2, 7].%—1Br Ap < p, polar angled with respect to the beam axis

1 Introduction

Experimental procedure
2.1 Event and patrticle selection

etailed descriptions of the DELPHI detector and its per-

Good agreement has also been observgd between the L etween 25 and 155, measured track length in the Time
data, a recently proposed thermodynamical model [8], an rojection Chamber (TPC) greater than 50cm, and impact

the model of ref. [9]. parameter with respect to the nominal crossing point within

It is therefore of interest to determine the productionSCm in the transverser{) plane and 10 cm along the beam
properties at LEP of other meson and baryon states comg; action ¢-axis).

posed of light ¢, d, s) quarks, and especially of those with 5 4ronic events are then selected if there are at least

non-zero angular momentum between the quarks in view of o argeq particles, if the total energy of charged particles
their possibly different production dynamics. Here the ex- ged p ' 9y ged p

perimental information is more limited and less precise. So ! Unless otherwise stated, antiparticles are implicitly included.
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(assumed to be pions) in each of two hemisphefegbpve The K7z ¥ invariant mass distributions were studied in
and below 90) exceeds 3GeV, if the total energy of all the co9);, < 0 region, wher&),, is the helicity angle of the
charged particles is greater than 15GeV, if the polar anglé&aon, i.e. its angle in the KrT rest frame with respect to
of the sphericity axis is between 4@nd 140, and if (when  the K*xT line of flight. The kaon momentum range in this
particle identification is used) the information from the RICH cosf,, region was almost completely covered by the liquid
detectors is available for at least one charged particle. Theadiator. The main reason for selecting the &ps< 0 region
contamination from events due to beam-gas scattering andias to remove the low momentum pions. This avoided bi-
to v~ interactions is estimated to be less than 0.1% and th@ses in the invariant mass distributions due to worse determi-
background fromr*r— events to be less than 0.2% of the nation of the opening angle betweef kind low momentum
accepted events. 7 F. The removal of slow pions also reduced the influence
The samples of 846627 and 1852000 events collectedf reflections from other meson resonances and of residual
in 1994 and 1991-1994 respectively and selected with thé8ose-Einstein correlations resulting from interference of pi-
above cuts will be referred to as the ones passing the standamhs from the resonance decay with other pions in the jet
cuts. After the event selection, in order to ensure a bettefsee Sect.2.2). For the*K~ invariant mass distributions,
signal-to-background ratio for the resonances in therK the full cosf;, region was used.
and K"K~ invariant mass spectra, stronger restrictions on the
track impact parameters with respect to the nominal crossing
point were imposed: they had to be within 0.3cm in the 2.2 Treatment of detector imperfections and fit procedure
transverse plane and 2cm along the beam direction. The

Samp|es selected with these additional cuts will be referrecPartide identification inefficiencies as well as other detector
to as those passing the strong cuts. imperfections, such as limited geometrical acceptance, par-

Charged kaon identification in this analysis is providedticle interactions in the detector material, and the different
by the RICH detectors. In these detectors, particle idenkinematical cuts imposed for charged particle and event se-
tification is based primarily on comparing the measuredlection, were taken into account by applying the approach
Cherenkov angle with that expected for each mass hypothdescribed in refs. [10, 16] and outlined here.
esis. This is called the ring identification mode (for more  In the present analysis, a vectarof parameters was
details, see [15] and refs. therein). The raw photoelectroﬁlsed in the def|r'1|t|on'of the anticipated distribution function,
distributions were described as the sum of the expected (M, &), of the invariant mas$/. The parametera were
Cherenkov signal and a flat background and their probalhen determined by a least squares fit of the function to the
bilities to come frommr, K and proton were calculated. For data.

particles below the Cherenkov threshofti< 1/, no light For the KEnr¥ invariant mass distributions, this function
is emitted. This property is used in order to separate kaon¥/as composed of three parts:

and protons from pions in the momentum range from 2.5 t%f(M7 a) = fS(M, a) + fB(M, a) + FR(M, a). (1)

9 GeVk, where kaons and protons are below the threshol

while pions and lighter particles emit photons. This is called The function
the veto identification mode. S FS(M,a) = ayWy (M) - BWy (M, a, as)

The RICH detectors enable identification of kaons of +ag Wi (M) - BWy(M, as, ag) @)
momentum above: 1 GeVk. They rely on external tracking AT T 8, 06
for the determination of the particle momentum and impactdescribed the K(892) and K°(1430) resonance signals in
point. The Barrel RICH is placed between the TPC, the mairthe K== invariant mass distributions. A background term
tracking device of DELPHI, and another tracking detector,was taken in the form:
the Outer Detector (OD). For the veto mode of the RICH, B _ as 2 3
requiring a track segment in the OD avoids particles which! (M>8) = ar(M = My)™ - explagM + azoM"+a1M7),(3)
were scattered or lost due to an interaction in the RICH. Itwhere My, is the invariant mass threshold. The third term in
also improves the quality of the track extrapolation. This is€q. 1 represents a sum of the different reflection functions
especially important for the liquid radiator, where the centre(R2F}):
of the Cherenkov ring is given by the impact point of the

R —
track. Therefore, after the event selection and when particIJ (M,38) = ZaiRFZ’(M)‘ )
identification is requested, the track of the selected particle 212
is required to be detected in the OD. The two terms in eq. 2 represent the relativistic Breit—

The identification performance was evaluated by meansVigner functions BWy and BWy for the K*°(892) and
of the detector simulation program DELSIM [15]. In DEL- K3°(1430), respectively, multiplied by the functiols, (A1)
SIM, about 3.4 million events were generated using the JETand Wr(M) accounting for distortion of the resonance
SET program [3] with the DELPHI default parameters [5] Breit—-Wigner shapes by phase space effects and by resid-
obtained before the measurements reported in this paper (thisal Bose—Einstein (BE) correlations. As in [10], they were
version will be referred to below as tuned JETSET). The par-obtained by generating the invariant mass distribution for
ticles were followed through the detector and the simulatedhe resonance using the tuned JETSET program [5], where
digitizations obtained were processed with the same reconBE correlations were included. Then the generated distribu-
struction programs as the experimental data. The efficiencyion (with its integral normalized to one) was divided by the
of the kaon identification was found to be about 70% onanalytical Breit—Wigner function used in JETSET (with its
average. integral also normalized to one).
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r Q) 7 02 f) £,(980) spectra defined by functiow %?(a) (eq. 6 below) were ob-
1 r\N o1 b m tained by passing these events through detector simulation.
ob T TR IR RN SR i ECC In this way the influence of particle misidentification was
i ! 15 2 ! 15 2 also properly accounted for. The reflection contributions to
“{ 0.4 5 b) 7(958) Fg) f(1525) the uncorrected Kn¥ mass spectray f(a), defined in this
> o2 % 0.5 ﬂ way with the parameters; (with ¢ > 12) in eq. 4 taken from
IS I R S T C T JETSET are shown in Fig.1. Subsequently the parameters
S ! 15 2 ! B 2 a; were redefined either from the fit or from the experimen-
- ,E ) p%770) | osEh) Ke°(1430) tal cross sections measured by DELPHI and/or other LEP
Bagun 025 yﬂh experiments [1].
- O I N S T B e W Although reflections from many particles and resonances
N ! e ? ! e z were considered, only the most important ones were finally
Z ¥ d) w(782) s 0 D° taken into account. The largest contribution from the reflec-
e d tions of the first type strongly influencing the;¥%1430)
E 0 b e > cross section comes from the narrgi(1525) resonance
e (Fig. 1g). It was calculated using th}éé(1525) production
5E ¢) #(1020) rate measured by DELPHI [11].
257 Another type of distortion of the KrT mass spec-
T I - 2 tra (also denoted for simplicity aRF; in eq. 4) arises

M(Kr)  (GeV/c?) either from the resonances in the same system, sn_Jch as
_ K$0(1430)— K*7~2, or from charmed particle production.
Fig. 1aj. The reflection functionsV (M, 8) from then, n', p°, w, ¢, Charm meson production and decay distort significantly the
£0(980), f,(1525), K;%(1430), B and D contributing to the uncorrected  jnvariant mass distributions in the tensor meson mass region.
K*7F invariant mass distribution for.04 < z,, < 0.7 as taken from  The influence of the Bis illustrated in Fig. 1i. It shows,
detector simulation apart from the sharp peak due t& B> K—=* decay, the
presence of the relatively narrow peak/dt ~ 1.6 GeVi?
arising from the quasi-two-body D— K*~(892)r* de-

cay, when ther* from the ¥ decay and the K from the
K*~(892) decay form the Kz* system. As for the reflec-
tions of the first type, these distortions were also obtained
from events generated by JETSET and passed through de-

If the influence of phase space and residual BE corre
lations was ignored completelyi{(M) = 1), then for the
full measured range, 0.0& z, < 0.7 (©t, = p/Poeanm.
the fitted K°(892) mass, 893:50.9 MeV/?, was shifted
by —2.6 MeV/c? (i.e. by 3 standard deviations) from the tector simulati
world average (PDG) of 896410.3MeV/? [17] and the ector simuation.

measured K°(892) cross section decreased by 2.5%. The Finally the reflections (not shown) from theandy in

o : :
same mass shift was observed when phase space effects wélp K'K™ mass spectrum in the(1020) meson mass region

accounted for but BE effects were still ignored. The masavhen particle identification was not used were found to be

shift was in fact seen only in the smallesg-region, 0.04 quite important forz, < 0.2 and were accounted for in the
<z, < 0.1, as expected for residual BE correlatio’ns.. How- Same way. Their contributions were negligible when particle

ever, including BE correlations resulted in a fitted°(892) Ide?ﬂfg::élﬁ?n\gg; gi?ve;r;j.the number of entriea/. (@) pre-
mass of 898.80.8 MeV/?, larger than the PDG value by dicted by the functior]f&M a) is given by: m{@ P
2.7 MeV/?. The shift was again essentially due to the small- _ y_ _ ’_ 9 y:

estz,,-region. Although this shows that the treatment of BE N,,,(a) = N5 (a) + N (a) + Nf(a), (5)
correlations in JETSET is not perfect, the JETSET ansat%/vhere

was used. The uncertainty in treating BE correlations at _

small z,, values was accounted for in the systematic errors. N (a) = C5 Y~ S5, A5 £5(a), (6)
The fits to the K7 invariant mass spectra were performed n
over a mass range from 0.64 to 2.0 GéV/ Mot

For the KK~ mass spectra in the¢(1020) mass re- 75 :/ ! fG(M, a)dM )
gion, the fits were made in the mass range from 0.988 to "

1.1 GeVF?, with only the first Breit-Wigner term in eq. 2
and with only one term in the exponential in eq. 3.

Two types of reflection functions contributing to eq. 4
have been considered.

whereG = S, B or R and M,, is the lower edge of the

n-th histogram bin of the variabl@/. The coefficients4,,

characterize the detector acceptance ahdthe losses of

. . . . ., _particles due to the selection criteria imposed and the ex-

. R_e_flec_tlons of the first type arise from |mper_fect particle tra particles due to ghosts, secondary interactions etc. The

|dent|f|ca_t|on when, for examgie,iresonances in tier . smearing matrixs,,,,, is determined by the experimental res-

and K'K™ systems distort the (™ mass spectra. The in- olution (see [10] for more details). The three terms in eq. 5

fluence of most of these reflections is relatively small due 10,0 necessary because the resonance signals, for example in
uite reliable kaon identification and the éas< 0 selec- + T : - - .

Eilon. The functionsRF,(M) in eq. 4 were determined from the K=z T invariant mass distribution, contain by definition

events generated according to the tuned JETSET model [5]. 2 The influence of this broad 3(1430) resonance on the;R(1430)

Then contributions of the reflections to the uncorrected massas found to be small
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Fig. 2a—i. The coefficientsR(M) = Rg(M)/Rp(M) as a function of ] ) o o )
the KtxF invariant mass for the indicated,-intervals. The values oR Fig. 3a~i. The K=7F invariant mass spectra for the indicategtintervals
averaged over the full mass region in eaghinterval are also given for the uncorrected dataiéen points The upper solid histograms are the
results of the fit. The background is shown by the lower solid histograms

and the sum of the background and reflection functions by the dashed

. . . . histograms. The lower parts of the figures (with the indicated amplification
:F
only the K- pairs, while the background is contaminated factors) present the data and the results of the fit after subtracting the

by the miSidentiﬁeqﬂTWi K*K~, K*pT and thW:F pairs.  packground and reflection contributions
Therefore the coefficients;,,, for the resonance signals and
for the background are expected to be different (see [16] for

more details). : applied. Indeed, the ratios of thetiT (K*K™) invariant
The best values foa were then determined by a least 544 gistributions,«fd)/, obtained for the samples with the
squares fit of the predictions of eq. 5 to the measured valuegyandard and stronger cuts are different for the data events
N, by minimizing the function: (Rp = dostandarddosong @nd the simulated eventskg).
2 _ N3 2/ 2 —\2 1 A=N\2 To take this into account, the production rates were divided

X =) (N = Nun(@)?/or, + Z(ai - @) /(Aa), (8) by the average values of the factBr= Rg(M)/Rp(M) in

" _ b _ each of the,,-intervals considered. These factdtgogether
whereo?, = N, + 0%(N,,) and o(NN,,,) is the error ofN,, with their average value&R) are shown for the K7 mass

(which is much less thaw'N,,,) due to the finite statistics of Spectra in Fig. 2 for several,-intervals. The dependence of
the simulation used to evaluate,, C,, andS,,,,. The sec- R on M is small in all z,-intervals, but larger deviations
ond sum in eq. 8 constrains appropriate resonance propertiéedm unity are seen for small, values than for large ones.

to the values:; + Aa; taken from external sources. In partic- The errors Of<R> in Fig. 2 take into account the statistical
ular, the variations within errors of a) the particle production fluctuations of R and its deviation from being constant in
rates taken from other experiments to determine the normalthe mass range considered. The statistical fluctuations are ab-
ization of the reflection functions and b) the masses andorbed into the statistical errors of the production rates while
widths taken from the PDG tables [17] were both accountedany deviation from a constant, together with the variations
for by the second term of eq. 8. Thus the “statistical” errorsof (1) with the different selection criteria imposed, are ac-
obtained from the fits include a systematic component. ~ counted for in the systematic errors. The total uncertainties

The vector (V) and tensor (T) meson production ratesin the coefficient(R) are below+4%.

were calculated as The reliability of the fit procedure was verified with the
1 1 simulated events. The simulated®KT (K*K~) invariant

(N) = ap (R) /f5(T)(Nf> a)dM, (9)  mass distributions in different,-intervals were fitted ap-

plying the formulae (1)—(8), but with the non-relativistic

where the factor 1/BR takes into account the unobservedesonance Breit-Wigner shapes used in JETSET. The fit de-
decay modes and the integration limits are the same as thecribed the uncorrected data after detector simulation very
fit ranges. The meaning dfR) is explained below. well. The resonance,-spectra (not shown) and the corre-
The “standard” event and particle selection cuts weresponding average multiplicities per hadronic Z decay in the
chosen to ensure that the average charged particle multipliagndicatedz,-ranges as given in Table 1 agreed within errors
ity for the data and simulated events were the same. Due twith those in JETSET tuned to the DELPHI data [5] and
the detector simulation imperfections, this is not necessarilyused in detector simulation. It should be stressed that no such
the case when the stronger cuts on impact parameters aegreement was achieved without treatment of the reflections



67

Table 1. The average multiplicities per hadronic Z decay for thH€(892), Table 2. Differential K*0(892) cross sections [&},)-do/dx;, for 0.04 <
¢(1020) and |§°(1430) in the indicated:,-ranges obtained from the fits z;, < 0.7. The statistical and systematic errors are combined quadratically.
to the uncorrected simulated events after DELSIM in comparison with theThe corresponding values g /N DF for the fits are also given
corresponding values as generated by the tuned JETSET at the input to

DELSIM. The errors are statistical (resulting from the fits) xp interval  (1/op)-do/dxp X2/NDF
. 0.04-0.06 4.6F0.60 78/59
Resonance z,-range Fit Results JETSET (tuned) 0.06-0.08 3.660.41 60/59
K*0(892) 0.04-0.7 0.5920.009 0.586 0.08-0.10 2.740.32 49/59
¢(1020) 0.05-1.0 0.0A40.002 0.071 0.10-0.14 2.420.24 77159
K;0(1430) 0.04-0.7 0.1320.013 0.131 0.14-0.18 1.430.16 47/59
0.18-0.25 1.040.10 48/59
0.25-0.35 0.640.06 73/59
DELPHI 0.35-0.45 0.3%£0.04 48/59
ol o k*@ant 0.45-0.70  0.140.01 66/59

@ Kk*(8a2)y

4 #(1020) where the error is the statistical one obtained from the fit.

—— JETSET 7.4 (tuned) It agrees with the corresponding value of 0.5®7015(stat)
"E. OISO HERWIG 5.8 obtained by fitting the overall mass spectrum in the 0.04
E <z, < 0.7 range.
The systematic errors were estimated by analyzing the
contributions arising from:

(1/0,) do/dx,

1. choice of the background parameterization, bin size of
the mass spectra, and mass range used in the fit;

2. K* identification efficiency;

3. treatment of residual BE correlations;

4. variation of cuts imposed for the charged particle selec-
tions;

5. variation in absolute value of the factoR).

0 : : : ‘O_‘ZS‘ : : : 0.5 : : : ‘0,75‘
X The first contribution was found to be small, as could be
Fig. 4. Differential cross sections {&,)-do/dz,, for inclusive K0(892), expected from the gQOd agreement pf the r.eSUItS obtained
E(892) and5(1020) producion measured by DELPHI The staial fTOM the fits to the simulated data with the input JETSET
and systematic errors are combined quadratically. The points are plotted &Rfoduction rates (Table 1). Its total relative contribution of
the mean of the,, values within the bin. Théull anddashed curvesespec- ~ £2.7% was dominated by the uncertainty in the background
tively represent the expectations of the tuned JETSET 7.4 and HERWIGparameterization.
5.8 for the K'(892)and¢(1020) The contribution from the uncertainty in the kaon iden-
tification efficiency was estimated to be abatf.0%.

The uncertainty in treatment of residual BE correlations
(see Sect. 2.2) gave a total relative erro#.5%. Its strong
zp-dependence was taken into account.

The uncertainty arising from varying the particle selec-
tion was estimated by comparing the results obtained for

p

described above, especially for thg°k1430) produced with
relatively small cross section.

3 Results and discussion the samples selected with the strong cuts, with the standard
cuts, and with the cuts on the intersection point for each pair
3.1 K*0(892) production of oppositely charged particles described in [10]. Additional

tests were performed to check the sensitivity of the results

The measured uncorrected*K¥ invariant mass distribu- 0 other changes in the selection cntenqﬂ& pairs were
tions are shown for the individual,-intervals in Fig.3 to- ~ Selected only when both particles had hits in the vertex de-
gether with the results of the fits. In the fits, the®k892) tector (VD), the tighter cuts on kaon identification criteria
width and the K°(1430) mass and width were constrained Were applied, and different cés regions were tried. The
by the second term in eq. 8 and the%892) mass was left corresponding variations, including the uncertainty in the
free to take into account its small shift. The fits describeCOefficient(R) accounting for imperfections in the simula-
the data quite well in alk,-intervals. The K°(892) differ- tion (which also varied depending on the selection criteria
ential production cross section, /d,)-do/dz, whereoy, is |mposed)_ gave at5.7% contribution to the total relative
the total hadronic cross section, is presented in Table 2 angyStematic error o#9.1%.
in Fig. 4. The measured production rate (10) was extrapolated to

The measured average%892) multiplicity per hadronic the full z, range by normalizing the expectations of tuned

event in the 0.04< z,, < 0.7 range obtained by integrating JETSET in the 0.04< z;, < 0.7 range to the measured
the z-,-spectrum was determined to be: K*0(892) rate in thisz,-interval and taking the overall

K*0(892) rate in the fullz,-range from the corresponding
(K*°(892)) = 0.570=+ 0.016(stat) (10)  JETSET predictions. Good agreement in the smgltegion
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Fig. 6a—f. The K"K~ invariant mass spectra for the indicateg-intervals

for the uncorrected 1994 data with only one K in eactkK pair required

to be identified by the RICH detectorgpen points The upper histograms
are the results of the fit. The background is shown by the lower histograms

Fig. 5a—i. The K"K~ invariant mass spectra for the indicateg-intervals
for the uncorrected 1991-1994 data without particle identificatiopef
pointg. The histograms are as in Fig. 3

(Fig. 4) between the measureg-spectrum and that pre-

dicted by tuned JETSET allowed the extrapolation error to$(1020) inclusive production can be measured either using

be taken as-10% of the difference between values (11) and particle identification in the RICH detector, as was done

(10). This gave: for the K0(892), or assuming all charged particles to be
X0 _ kaons. The advantage of the method with kaon identifica-

(K™(892) = 0.7+ 0.02(statyt- 0.07(syst) tion is the large signal-to-background ratio. On the other

+0.02(extr). (11) hand, the much smaller signal-to-background ratio in the

This value agrees within errors with our previous measuremethod without particle identification can be partially com-
ment [13], but represents a significant improvement in preciPensated by the use of the full DELPHI statistics accumu-
sion. It is also consistent within errors with the recent OPAL lated in 1991-1994 with almost 2 million hadronic events

[12] and ALEPH [18] results of 0.740.04 and 0.830.09  selected after the standard cuts. Besides, the analysis of the
respectively. results obtained a) with both*kand K~ identified, b) with
The overall K‘i(892) production rate per hadronic Z de- at least one identified kao.n., and C) Igno_rlng -Id-ent-lflcatlon
cay measured by OPAL [19] and DELPHI [10] amounted to allows a check on the eff|C|ency_ of the |dent|_f|cat|0n and
0.72+0.08 and 0.7120.067 respectively. Thus the'K892) better understanding of the possible systematics. For these
and K*£(892) are produced with approximately equal prob- reasons, all three methods were used.
abilities, as could be expected. Fig.4 shows that their dif- The measured uncorrected K~ invariant mass distri-
ferential production cross sections/},)-do/dz, are also  butions for the 1991-1994 data obtained without particle
approximately the same. It also shows the predictions for thédentification are presented for the individua}-intervals
K*0(892) of the tuned JETSET [5]. These are in reasonablén Fig. 5. The corresponding mass distributions for the 1994
agreement with the data, although the model predicts slightlyata with at least one kaon or both kaons required to be iden-
harder fragmentation than is measured. The fragmentatiotified by the RICH detector are presented in Fig. 6 and Fig. 7
function predicted by HERWIG 5.8 [4] (with default param- respectively. Fig.5 shows that thg1020) signal is seen
eters) is in reasonable agreement with the data:fox 0.4  even without particle identification in alt,-intervals. The
(Fig. 4), but is harder for, > 0.4. The overall K°(892)  combinatorial background dominated by misidentified pions
production rates in HERWIG and tuned JETSET are equals very large at smalk,. However, it decreases significantly

to 0.806 and 0.794 respectively and agree with the measuredith increasingz,, so that the signal to background ratio
value (11). becomes reasonable far, > 0.2. Requiring identification

of at least one kaon by the RICH reduces the background

significantly for allz,, values, but the statistical significance
3.2 $(1020) production of the ¢(1020) signal becomes small faf, > 0.5 (Fig. 6).

With both kaons identified by the RICH, the larg€1020)
The narrow width of thep(1020) allows a clear signal to signals are well seen over the small background, but the
be extracted even without kaon identification. Therefore thestatistics are poor for large, (Fig. 7).
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Table 3. Differential ¢(1020) cross sections [(&},)-do/dz, for 0.05 < z, < 0.5 obtained with a) both kaons identified, b) at least one kaon identified,
and c) without requiring kaon identification. The errors are the statistical ones obtained from the fit. The correspdNifigh values for the fits are

also given

K* and K~ identified At least one K identified No identification
zp-interval  (Yop)do/dz, x?/NDF (1/op)do/dz, x?/NDF (1/op)-do/dx,  x2°/NDF
0.05-0.10 0.35%0.028 56/52 0.4360.024 52/52 0.37:80.039 13/16
0.10-0.15 0.2780.024 63/52 0.2610.019 75/52 0.2860.026 13/16
0.15-0.20 0.2120.020 47/52 0.1810.014 53/52 0.2060.020 16/16
0.20-0.30 0.13%0.012 54/52 0.1280.009 65/52 0.1590.012 17/16
0.30-0.50 0.05F%0.008 52/52 0.0680.005 58/52 0.07%0.007 21/16

DELPHI identified, at least one kaon identified, and without identi-
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Fig. 7a—f. The K"K~ invariant mass spectra for the indicategintervals
for the uncorrected 1994 data with both kaons in eatK K-pair required
to be identified by the RICH detectorgpen points The upper histograms

fication. For this, the same data sample collected in 1994
was used. In the .@ < z, < 0.5 range, the results agree
quite well. This shows that the kaon identification efficien-
cies are correctly reproduced by detector simulation in this
xp-range. However, the important differences in the results
in the first Q05 < z;,, < 0.1 interval might indicate some
problems with the treatment of the identification efficiencies
at the smallest,, values.

For 005 < z, < 0.2, the resultings(1020) differential
cross section was taken by averaging the results obtained
with both identified kaons and with at least one identified
kaon as given in the first threg,-intervals of Table 3. Half
of the difference between these values was attributed to the
systematic error. For.2 < z, < 1, the results obtained
without particle identification based on the 1991-1994 data
sample were used. The differential cross section thus ob-
tained is presented in Table 4 and in Fig. 4.

The measured averag€1020) multiplicity per hadronic
event for 005 < z, < 1 obtained by integrating the,-
spectrum was determined to be:

(¢(1020) = 0.080+ 0.002(stat}+ 0.005(syst) (12)

In calculating the systematic errors, the possible influ-

are the results of the fit. The background is shown by the lower histogramence of residual Bose-Einstein correlations was ignored,

Table 4. Differential ¢(1020) cross sections [(&},)-do/dxz, for 0.05 <
zp < 1. The statistical and systematic errors are combined quadratically.

zp-interval  (1/op)-do/dxp
0.05-0.10 0.396:0.055
0.10-0.15 0.2620.030
0.15-0.20 0.19%0.027
0.20-0.25 0.1860.017
0.25-0.30 0.1340.014
0.3-0.4 0.104:0.010
0.4-0.5 0.04%0.006
0.5-0.7 0.022:0.003
0.7-1.0 0.004€:0.0007

In the fits, for all three cases, tli€1020) mass and width

since the probability to have anothe¥Klose to thep(1020)
decay products in phase space is small. The uncertainties due
to  andn’ reflections for 005 < zp < 0.2 when particle
identification was used and for, > 0.2 without use of
particle identification were found to be negligible. The un-
certainties arising from the particle selection, including the
uncertainty in the coefficientR) accounting for imperfec-
tions in the simulations resulted, as in case of tH&892),

in a relative error 0f+5.7%. This relative error was taken
into account in (12) and in each of thg-intervals. Besides,
half of the difference between the results obtained with both
identified kaons and with at least one identified kaon (see
Table 3) was taken as a systematic uncertainty in all of the
zp-intervals lying in the range.05 < z,, < 0.2. In the same
zp-intervals, an additional error at4% was assigned due

were constrained by the second term in eg. 8. It should b&o the uncertainty in the kaon identification efficiency. The
stressed that the limited mass resolution, which in the caseesulting total relative systematic error in (12) amounts to
of the $(1020) is comparable to its width and thus influences+6.3%.

the signal significantly, is taken into account in the applied

method by the smearing matri%,,.,, (see Eqg. 6). The fits

describe the data in Figs. 5-7 quite well in aJ}-intervals.
Table 3 compares th&(1020) differential cross sections

in the Q05 < z, < 0.5 range obtained with both kaons

The measured production rate (12) was extrapolated
to the full z, range by normalizing the expectations of
the tuned JETSET in the, > 0.05 range to the mea-
sured¢(1020) rate in thisc,-interval and taking the overall
$(1020) rate in the fullz,-range from the corresponding
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JETSET prediction. The uncertainty in this procedure is ac- DELPHI

counted for as for the ¥(892). This gives: . o) 0.04 < % <07 i b) 0.04 < %, < 0.7

(¢(1020) = 0.104+ 0.003(statH- 0.007(syst) - L Real Data » DELSIM
+0.002(extr). (13) -C{‘ [ 1

Compatible results were obtained without use of particle 3

identification in the measured,-range. e

The overall$(1020) production rate agrees within errors __
with the prediction, 0.093, of the tuned JETSET (tuned be- 3
fore this measurement) and is only slightly smaller than the»
HERWIG prediction of 0.122. Theé(1020) differential pro-
duction cross section (&},)-do/dz, (Fig.4) is reproduced
by the tuned JETSET reasonably well. HERWIG, as in the
case of the K°(892), agrees with the data faf, < 0.4, but r
predicts a much harder fragmentation in the latgaegion o1 m 0.1 7% % % {
than the data exhibit. The value (13) can be compared with £ % 4

‘ I ER
1

(1/0y) (do

: X,
the recent OPAL [12] and ALEPH [18] measurements of AT MUY bt GRL o IR CAT
0.100+0.008 and 0.1220.009 respectively. AT e R Rk
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3.3 K$°(1430) production
Ko ( )P Fig. 8. The K¥#¥ invariant mass spectra for the full measured 004

0 . zp < 0.7 range gpen point} for the reala and simulatedb data. The
The overall K°(1430) tensor meson production rate of 0.168 histograms are as in Fig. 3

as predicted by the tuned JETSET is quite large. Therefore

it was expected that the 3R(1430) signal could be easily

detected. A study based on simulation showed a good agreq—é(1525) reflection (this appears as a contribution to the sta-
ment between the $€(1430) rate found in the fit in the range tistical error, see Sect.2.2). This was estimated using the
0.04< z, < 0.7 and the JETSET value (Table 1). In the £,(1525) production rate given in [11]. Disregarding the
data, selected with the same cuts as for th&(892), only a  r’(1525) reflection would have resulted in a 1.5 times higher
rather small K°(1430) signal was observed. Therefore addi- K30(1430) rate.

tional selection criteria were tried in an attempt to improve “ The smallness of the signal did not allow measurement
the signal-to-background ratio. Only tracks with hits in the of the K;0(1430) z,,-spectrum to check if it was consistent
vertex detector were used, more stringent selection criterig, shape with the model expectations. Therefore the extrap-
on kaon identification were applied, the particles satisfyinggation of the measured production rate (14) to the f

cuts on kaon and proton selections were removed from th@egion must be treated with caution. Nevertheless, if such
pion sample. However, these additional selection criteria hag,, extrapolation is made applying the procedure used for

little influence on the magnitude of the3¥1430) signal. e K0(892) and$(1020) but this time assuming -250%
The K3°(1430) signal in the measured uncorrected ik extrapolation error, it results in:

invariant mass distribution for 0.04 z, < 0.7 shown in
Fig. 8a corresponds to a production rate of (K3°(1430) = 0.079+ 0.026(statx- 0.030(syst)

(K3°(1430) = 0.065+ 0.021(stat) (14) +0.007(extr) (15)

Attempts to decrease the combinatorial background by cutgnd
on the charged particle multiplicities., < 25 or by sub- (K3°(1430) /(K*°(892)) = 0.10+ 0.05. (16)
tracting bin by bin the histograms for like charged combi-
nations did not change this result. It should also be stressed The value (15) can be compared with the previous DEL-
that the K°(892) production rate obtained with similar se- PHI estimate of the k*(1430) production rate of.05%%;
lection criteria remained the same as in (11), within statisti-[10]. They agree within large errors. On the other hand, the
cal errors. At higher K7 masses, the reflections from the value (15) is 2.4 times smaller than the corresponding value
quasi-two-body and two-bodyTdecays in Fig. 8a are well of 0.19+0.04+0.06 forzy < 0.3 measured by OPAL [12],
reproduced. Moreover, a fit with the contribution of th& D although compatible within 1.35 standard deviations. The
reflection set free resulted in an overal? Production rate  predictions of the tuned JETSET, 0.168, and of HERWIG,
of 0.38+0.05(stat), compatible within errors with the pub- 0.137, are also much larger than the value (15).
lished LEP value of 0.480.06 [17]. All this reinforces our As was mentioned earlier, the}?(1430) production rate
confidence in the result obtained. obtained from the fit to the generated data after detector
The systematic error was calculated taking into accounsimulation reproduced the JETSET prediction well at the
the same sources of systematic uncertainties as for thimput to the simulation (Table 1). Fig. 8b illustrates the re-
K*0(892). An important contribution came from the vari- sults of such a fit. Comparing Figs. 8a and 8b shows that if
ation in the results obtained with different track selections.the K;°(1430) signal was indeed as large in the data as in
Another important contribution was the uncertainty in the JETSET it would certainly be detected.
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The (K3°(1430)/(K*%(892) ratio (16) appears to be — The measured overal(1020) production rate per ha-

smaller than the measured ratios [10, 11]: dronic Z decay, 0.1G40.008, and itsr,-spectrum are

0 — in reasonable agreement with the tuned JETSET. As for
(£2(1270) /(p"(770) = 0.244 0.07 (17) the K*0(892), HERWIG agrees with the data for small
and xp, but predicts harder fragmentation for largg than
(f>(1525) /($(1020) = 0.19+ 0.07, (18) the data exhibit.

— The K3°(1430) production rate per hadronic Z decay,

although the errors are quite large. It would be difficult to 4§ 979£ 0.040 agrees with the & (1430) production
accommodate this difference into the present versions of the rate. 005007 ’ previously measured by DELPHI [10]
' —0.05’ .

JETSET and HERWIG models. L0 . . :
But is this difference surprising? It is true, as noticed This K3°(1430) production rate is 2.4 times smaller than

in [13], that the (Kz°(1430)/(K*%(892) and 1270 that measu_red by QPAL [12], although_th_e two v_alu_es
/<p%(7]70)> ratios <in2h(adron)i>c/<rea(§tion2 Were<{c2>(und t():>) be are compatible within 1.3_5 standard deviations. It is sig-
the same. However, théz°(1430) /(K*°(892) ratio was nificantly lower than pre(jlcted by the tuned JE_TSET and
measured mainly in kaon induced reactions [20]-[24]. As HES_W!G’ %utze;ggreeg W.'t;' tr?e the(;_m(_)dyne;mécal model
stressed in the same papers [20]-[24], the inclusive pro- Prediction [8, 28] and with the prediction of [9].

duction of K'(892) and K(1430) in these reactions was  Apart from thea,(1320) resonance, all other members of
strongly dominated by the fragmentation of the strange vathe SU(3) tensor meson nonet have been measured by LEP
lence s-quark in the incident kaon. In the high region  experiments. Tensor meson production was found to be quite
(z = 2p1/V/s) the (K3°(1430) /(K*°(892) ratio was higher  important. The most interesting result of this study is the
than average, approaching unityzas- 1, as also happened important difference between the;%1430) andf,(1270)

for the ( f2(1270) /(p°(770) [10] and(f,(1525) /(¢ (1020) production rates, and betweéK;°(1430) /(K*°(892)) and

[11] ratios forxz, — 1 in e*e™ annihilations. On the other (f2(1270) /(p°(770)) or <fé(1525)>/<¢(1020)> production
hand, in thez < O region, the(K3°(1430)/(K*°(892) rate ratios.

ratio was below the average. This suggests that the rela- These results show that still more efforts are needed to
tive amount of the K(1430) and K(892) mesons produced improve the precision on the tensor meson production rates
from the sea quarks, the dominant production mechanism ialready measured and, in particular, to measure:fE320)

e*e” annihilations as well as in pp ap reactions, is much  production rate. The latter is important for understanding the
smaller. These arguments are supported by the the lack ahass dependence of the tensor meson production rates and
evidence for important K1430) production in pp anap its relation to the regularities observed for the pseudoscalar
reactions. For example, in the pp experiment at 400 GeV/ and vector meson nonets and the baryon octet and decuplet
[25], where inclusivep®(770), K*(892) and f>(1270) pro-  [6]. For this, the combined effort of all LEP experiments
duction was measured quite precisely, no evidence for thevith the total statistics accumulated at LEP 1 is necessary.
K3(1430) was seen. In pp reactions at the higher ISR ener-
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