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Abstract

This analysis, based on a sample of 170000 hadronic Z° decays, provides a measurement of
the K* and p/p differential cross sections which is compared to string- and cluster fragmentation
models. The total multiplicities for K* and p/p per hadronic event were found to be: Nx =
226 £ 0.18 and N, = 1.07 £ 0.14. The positions £ of the maxima of the differential cross
sections as a function of £ = In(1/x,) for K* and p/p were determined to be 2.63 + 0.07 and
2.96 4 0.16 respectively. A comparison of the £* values for various identified particles measured
at LEP with the prediction of the Modified Leading Logarithm Approximation with Local Parton
Hadron Duality model has been performed. The measured £* position as a function of the hadron
mass, after corrections due to particle decays, is in agreement with the model calculation.

1. Introduction

The way quarks and gluons transform into hadrons is complex and not entirely
understood by present theories. In the current picture the hadronization of a gg pair
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from the decay of a Z° is split into three phases [1]. In a first phase, gluon emission
and parton branching of the original gg pair take place. It is believed that this phase
can be described by perturbative QCD, although most of the calculations performed
today are only to second order. In a second phase, quarks and gluons produced in
phase 1 are clustered in colour singlets and transform into mesons and baryons. Only
phenomenological models, which need to be tuned to the data, are available to describe
this process of fragmentation. The models most frequently used in ete~ annihilations
are those using string and cluster fragmentation. Most of the primary produced hadrons
have very short lifetimes. In the third phase the unstable hadrons decay into hadrons
which can be observed or identified by the detector.

A different and purely analytical approach giving quantitative predictions of hadronic
spectra are QCD calculations using the so called Modified Leading Logarithmic Ap-
proximation (MLLA) under the assumption of Local Parton Hadron Duality (LPHD)
[2]. In this model the particle yield is described as function of the variable £, where
¢é=In(1/x,) and xp is the normalized momentum Phadron/ Poeams

1d

;E§=KLPHD'f(§,KA) (D
with

1 VS _m 2

Y=In O A—lnAeﬁ. (2)

The MLLA + LPHD predictions involve three parameters: an effective scale parameter
Aest, Qo as the cut-off parameter in the quark-gluon cascade and an overall normalization
factor Kipup that depends on the particle mass.

In this analysis the K* and p/p spectra from Z° hadronic decays were measured
using the Cherenkov signal from the liquid and gas radiator of the DELPHI barrel
Ring Imaging CHerenkov (RICH) detector. The measurements were compared to the
MLLA~+LPHD calculations and to the JETSET 7.3 and HERWIG 5.6 model predictions
which use string and cluster fragmentation respectively [3,4].

2. Event and charged particle selection

The analysis presented is based on about 170000 Z° decays, collected with the
DELPHI detector equipped with a barrel RICH detector allowing particle identification.
The data were taken at a centre-of-mass energy of 91.2 GeV. Apart from the barrel
RICH detector, the relevant detector components for this analysis were the following
tracking chambers: the vertex detector, the inner detector, the time projection chamber
and the outer detector. A description of the DELPHI detector and a detailed illustration
of the DELPHI RICH detectors can be found in Refs. [5,6].

For the event selection charged particles were accepted in the momentum region
0.2 < P < 50 GeV/c, requiring that the relative momentum error, AP/ P, was less than
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1 and a minimum length of 50 cm was measured in the DELPHI tracking detectors.
The charged particle polar angle & had to be between 20° and 160°. The track impact
parameter was required to be smaller than 5 cm in the plane transverse to the beam and
less than 10 cm in the direction of the beam.

A hadronic event was selected by requiring a charged particle multiplicity greater than
4, a total energy deposited by charged particles of at least 15 GeV with at least 3 GeV
in each hemisphere. The background, mainly coming from 7+7~ events, was estimated
to be less than 0.2%.

For the analysis particle identification is essential therefore the charged particle mo-
mentum was required to be bigger than 0.7 GeV/c and the polar angle was restricted
to the region 41° < 6 < 139°, which corresponds to the active area of the barrel RICH
detector.

3. Evaluation of the mean Cherenkov angle

The input for the analysis of the mean Cherenkov angle were single space points
measured in the photon detector of the barrel RICH. They correspond to the coordinates
of the Cherenkov photo-electrons which were detected and associated to a track. The
measured space points were transformed to a plane orthogonal to the track. In this
coordinate system the Cherenkov photons from the signal form a ring with the track
crossing point in its centre. To perform particle identification a mean Cherenkov angle
per track, reflecting the best possible choice from the original single photo-electron
distribution was calculated. One of the main difficulties is an efficient separation between
noise and signal points. The algorithm to evaluate the mean angle developed for this
analysis does not make use of any mass hypothesis [7].

To recognize a circle without making any assumption on its centre, at least three points
are needed. Given three points the ring centre and the radius can easily be determined, by
constructing a triangle out from the three points and taking the normal at the middle of
each side of the triangle. The unique crossing point of the three perpendicular bisectors is
the centre of the ring passing through the three original points. This simple triangulation
procedure was repeated for all possible three-point combinations. For each triangle the
ring centre and the radius were recorded. The combinations originating from the signal
accumulate their ring centres near the crossing point of the track. Triangles containing
noise points spread their centres arbitrarily in position. The mean angle was extracted
by fitting the radius distribution of all combinations which have the ring centre in a
small cell around the track crossing point. Noise points were efficiently rejected by the
combinatorial dominance of the signal. Given » points on a circle the density in the cell
around the centre grows as n(n — 1)(n—2)/6 [7].

After the calculation of the mean Cherenkov angle the number of signal photo-
electrons (ngg) was determined for this track, as the number of photo-electrons which
satisfy |0;—8| < 3-46), where 6; is the Cherenkov angle of the individual photo-electron
J» 48; is the error of #; and @ is the mean Cherenkov angle for this track. The error on
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the mean angle 46 is obtained from the width of the corresponding radius distribution
divided by . /ngg.

Further cuts were applied in order to optimize particle identification. It was required
that the photon detector traversed by the particle recorded its ionization, thus assuring
that the corresponding sector of the detector was operational. The number of signal
photo-electrons assigned to the ring was required to be greater than 5 in the liguid
radiator and greater than 3 in the gas radiator. The error of the mean angle A¢ was
required to be less than 0.011 rad for rings from the liquid radiator. With these additional
quality cuts between 57% and 93% of the tracks crossing the barrel RICH in the liquid
and between 45 % and 65 % in the gas were retained, where the efficiencies rise with
increasing momenta.

4. Measurement of inclusive K* and p/p rates

For a given momentum, the Cherenkov angle depends on the mass of the particle
and the refractive index of the radiator. Figs. 1-3 show the Cherenkov angles recon-
structed with the triangulation method for liquid and gas radiator. For the gas radiator
(see Fig. 1b) an accumulation of background at large angles and small momenta is
observed which is mainly due to scattered tracks, especially electrons, and veto particles
accompanied with noise points. A veto particle is such that its velocity is below the
threshold for Cherenkov light emission in the relevant medium. The fraction of K* and
p/p were extracted using a maximum likelihood fit for the Cherenkov angle distribu-
tion in discrete momentum intervals. For each track satisfying the selection criteria, the
probability density “I;” of observing the measured angle §; was calculated,

- — . T2 . _ pKy2
ll:l{(l fx fp)exp[_(a, 0)]+f1< [(9. a)]

c 407 204602 | T 265 P | T 202652
g. — g°)?
+Zf;—}? exp [__(21(405?_)2 ] + b} 3)
with
0; : measured Cherenkov angle of track i
o™kp : expected Cherenkov angle for a pion!, kaon and proton
40757 . = /487 + ((38/3P) AP)? error on the Cherenkov angle of track i for
a pion, kaon and proton

fx : fraction of kaons estimated by the fit
fp : fraction of protons estimated by the fit
b : constant for the background
C : normalization constant

! pjon stands for pion, electron or muon since they cannot be distinguished in most cases.
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Fig. 1. Cherenkov angle versus the charged particle momentum in (a) the liquid radiator and (b) the gas
radiator.
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Fig. 2. Cherenkov angle distribution in multi-hadronic events for the momentum interval 2.0 < P < 2.5
GeV/c. Plotted is Omeas — 033“ of the liquid radiator signal, the full lines cormresponds to a fit of three
Gaussians plus a flat background.

Normally particles which do not have an appropriate Cherenkov angle measurement were
removed by the quality cuts, but badly measured tracks may sometimes have passed the
cuts and contributed to the background. Hence the background term b contains apart
from real background such as veto particles or digitizations from multiple scattering also
some 7+, K* and p/p. But Figs. 2 and 3 show that the fitted distributions contain only
little background which justifies the approach b = constant.

The normalization constant C was determined through the integral

02(Pup)
1= / Li(fx, fp.0i, 46;,b) d6 , 4)
91(lev)

where the integration limits 6; and @, cover, for the liquid radiator, the range from
61(Piow) = Bpror — 0.060 rad and 62(Pup) = Betec + 0.060 rad, taking for Piow (Puyp)
the lower (upper) limit of each fitted momentum interval. For the gas radiator the
integration covers the entire active # range from 0 to 70 mrad.

The extended likelihood function Lg in Eq. (5) is derived from the product of the I;
over all tracks and an additional Poissonian factor estimating the probability of obtaining
a sample of size ¢ [8],
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distribution is due to residual pion contamination in the proton sample.
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=1

where m is total number of entries in the given momentum bin and ¢ the total number
of tracks (including background) estimated by the fit. £g describes the probability to
obtain the observed sample of measurements. The parameters ¢, fx, f, and b were
estimated by maximizing the logarithm of the likelihood function in Eq. (5).

The upper kinematical limit to which the different particle types can be separated
depends crucially on the distances (0, —6k)/ V246 and (Ok — 6y)/ V246, which are
shown in Fig. 4. Requiring a minimal separation of (6,k) — Oxpy)/ V246 2 0.8 and
taking into account the behaviour of the systematic errors (see Subsection 4.1) the kaon
fraction was extracted from the measurement up to 4.0 GeV/c in the liquid and up to
23 GeV/c in the gas radiator. For the proton fraction, the limit in the liquid radiator
was 5 GeV/e.

In this analysis a fit for the measured Cherenkov angle was used, therefore the lower
kinematical limit is given by the Cherenkov threshold P 2 /M?/(n2 —1) which
depends on the mass M and the refractive index n. To keep efficiency corrections small
(discussed in Subsection 4.1), the following lower momentum limits were used: in the
liquid PX2" = 0.8 GeV/c¢ and PP = 1.4 GeV/e, in the gas only the kaon yield for

low

P}‘oav?“ = 10.0 GeV/c was evaluated. In order to estimate the proton fraction at high

momenta it is favorable to take advantage of the veto signal. This requires an extension
in Eq. (3) for the probability of observing no light at all, which was not done for this
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analysis. The veto signal would allow a determination of the proton rate for P 2> 10
GeV/ec.

In some of the low momentum intervals the proton is below or very close to its
threshold for emitting Cherenkov light (veto particle). Protons are therefore excluded
from the probability density in Eq. (3). In this case a correction factor to the number
of tracks measured was applied using the proton yield predicted by JETSET. Using
the proton yield measured in [9], which is significantly lower than the JETSET frac-
tion at high momenta, would change the results by an amount much smaller than the
experimental errors.

4.1. Efficiency and acceptance corrections and systematic error evaluation

Some long-lived particles such as K, K? or A® may or may not decay inside the
detector. The measurements were corrected such that all K3 and A® decay products were
included and all K¢ were counted as stable particles. Furthermore, the fractions were
corrected bin by bin for detector effects and particles produced in secondary interactions.
Both corrections were evaluated using the full DELPHI detector simulation [107.

It is important to take account of any relative efficiency differences between particle
species. The number of photo-electrons in a ring is proportional to sin® 8. Considering
a momentum interval where particles with different masses have distinct Cherenkov
angles, less photo-electrons are expected for heavier particles than for lighter ones. This
leads to a lower ring detection efficiency in some of the lower momentum bins for kaons
or protons with respect to pions. Since Eq. (3) does not include a term which corrects
for efficiency differences depending on the number of photo-electrons, this effect was
treated separately. The procedure to correct the measured fractions was different for
rings from the liquid and from the gas radiator.

In the rings from the liquid radiator, for pions and protons, the efficiencies can be
measured using identified tracks from K° or A decays. In Fig. 5a the efficiency to find a
ring at the expected position with the selection criteria used in this analysis is plotted as
a function of the momentum. The difference between pion and proton efficiency at low
momenta is due to the reduced number of photo-electrons in the proton ring. The proton
efficiency correction can be extracted bin by bin from the ratio of &/e,. Very good
agreement is observed for the extracted efficiency ratio between data and simulation.
(see Fig. 5b). The efficiency corrections for kaons and protons were therefore estimated
using detector simulation. A minimal error of . +5% on the efficiency correction was
assumed if the statistical error from the simulation was smaller (Table 1).

In the rings from the gas radiator, particles with an equal number of photo-electrons
are expected to have the same ring detection efficiency. However, there are arguments
for a kaon at 12 GeV/c not to have the same efficiency as a pion at 3.5 GeV/c: they
have different momentum errors, they have different densities of surrounding tracks
and the track curvature in the radiator is different. Despite these additional factors, the
simulation predicts similar reconstruction efficiencies for pions and kaons with equal
number of photo-electrons. This result is because the ring detection efficiency does not
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Fig. 5. Ring detection efficiencies in (a,)b) the liquid radiator and (c,d) the gas radiator. (a) Efficiencies for
pions and protons measured in the data, (b) efficiency ratios ex/enx and gp /ey in the simulation (shaded
areas) and in the data (points), (c) efficiencies as a function of the relative number of photo-electrons and
(d) pion efficiency measured in the data.

depend strongly on the resolution of the Cherenkov angle but rather on the number
of photo-electrons. In Fig. 5c the efficiencies are shown versus the relative number of
photo-electrons in the ring, which is defined as the measured number divided by the
number of photo-electrons obtained in a ring with the maximal Cherenkov angle. In the
data, the ring detection efficiency can be measured for pions from K° decays (Fig. 5d).
Using the above arguments, the kaon efficiency was assumed to be equal to the pion
efficiency for the same number of photo-electrons (ex(nx) = &x(ny) for n, = ng).
The corrections are given in Table 2. They are in agreement with the relative efficiency
corrections which were extracted from the simulation directly.

The uncertainties due to differences in efficiency between different particles were
directly obtained from the errors on the correction factors given in Tables 1 and 2 and
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Table |
Efficiency correction factors in the Cherenkov liquid for kaons and protons due to differences in the number
of photo-electrons.

Momentum Correction factor
Interval [GeV/c] Kaon Proton
0.8-1.1 1.18 £+ 0.06 -
1.1-14 1.02 £ 0.05 -
1.4-1.7 1.00 £ 0.05 1.96 + 0.15
1.7-2.0 1.00 & 0.05 1.27 £ 0.09
2.0-25 1.00 £ 0.05 1.17 £ 0.07
2.5-3.0 1.00 & 0.05 1.09 £ 0.08

Table 2
Efficiency correction factors in the Cherenkov gas for kaons due to differences in the number of photo-
electrons.

Momentum Correction factor
interval {GeV/c] Kaon

10.0-12.0 1.70 £+ 0.29
12.0-14.0 1.28 + 0.08
14.0-16.0 .15+ 0,07
16.0-18.0 1.11 £ 0.05
18.0-20.0 1.07 £ 005
20.0-23.0 1.03 + 0.05

they appear in column 5 of Tables 3 and 4. Where no efficiency correction was applied,
a 5% relative systematic error was assumed.

The expected Cherenkov angles for the different particles were used as input to the
fitting procedure and kept constant during the fit. Errors in these quantities contribute
to the systematic error. To evaluate this contribution the fitting procedure was repeated
with a systematic shift in the expected Cherenkov angle of +0.5 mrad in the liquid, and
+0.2 mrad in the gas. These variations were computed for all momentum bins and the
change in the fraction observed was taken as the contribution to the systematic error
which is given in column 6 of Tables 3 and 4. This error is negligible in the region
where the angular separation is large.

In the liquid radiator signal, in some cases, a small non-Gaussian tail towards smaller
values in the Cherenkov angle distribution was observed. This tail was caused by a few
poorly measured particles. The procedure used to evaluate the systematic errors shown in
column 7 of Tables 3 and 4 uses pions identified in the gas radiator. Tight identification
cuts on the gas radiator signal allow pion selection with a purity near 100 % in the
momentum range from 2.5 to 8.0 GeV/c. This pion sample allows to fit single particle
distribution in the liquid with the likelihood function in all momentum bins above
2.5 GeV/c. The number of kaons determined from the fit were used to extract the
systematic error contribution on the kaon fraction due to pions. For the protons the main
influence comes from the tail originating from the nearby kaon distribution. Therefore



RAPID COMMUNICATION

DELPHI Collaboration/Nuclear Physics B 444 (1995) 3-26 19
3 07
g 45 E— A Kaon Fraction D E L P H |
% ; % Proton Fraction
o 40r — JETSET 7.3
o [
- C - HERWIG 5.6
35

30 f

25 |

1 10
Inclusive Particle FtactionsP [Gev/c]
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the measured pion angle was shifted such that it appears on the position of the kaon
peak and the same procedure was repeated. The shape errors for P < 2.5 GeV/c can
be neglected since the pion, kaon and proton curves have very little overlap in this
kinematical range.

5. Results

With the methods described in the previous section a large fraction of the possible error
sources are covered and a conservative error estimation on the inclusive kaon and proton
fractions is obtained. In Tables 3 and 4 a complete summary of the measured fractions
with their statistical and systematic errors is given. The three sources of systematic errors
which were discussed before and the error resulting from the likelihood fit are listed
in all relevant momentum intervals. The fit error is essentially the statistical error. The
total systematic error, which is calculated from the quadratic sum of the three single
systematic errors, is also given. In Fig. 6 the K* and p/p fractions are shown and
compared to the JETSET 7.3 and HERWIG 5.6 models. The kaon fraction in the low
momentum region is well represented by the JETSET model, while at higher momenta
there is some indication of a higher kaon yield in the data. The proton fraction in the
JETSET model is up to 15% higher than in the data, while the HERWIG model is in
good agreement with the proton yield in the measured kinematical region.

The differential K* and p/p cross sections were obtained by multiplying the measured
fraction with the total cross section for charged particles. Fig. 7 shows that the total
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Table 3
Inclusive kaon percentages and their errors measured in the liquid (low momenta) and in the gas (high
momenta).

Momentum (P) Kaon Fit Systematic Errors

interval [GeV/c) [GeV/c] fraction [ %) Error Eff. Angle Shape Total
0.8-1.1 0.95 15 +0.14 +0.4 < 0.1 - 104
1.1-14 1.25 9.3 +0.24 +0.4 < 0.1 - +0.4
14-17 155 10.2 +0.29 +0.5 < 0.1 - +0.5
1.7-2.0 1.85 11.1 +0.32 +0.6 <03 <05 +0.8
2.0-2.5 2.25 12.3 +0.35 +0.6 +0.5 <05 +0.9
2.5-30 2.75 13.5 +0.40 +0.6 +1.1 +0.7 +1.4
3.0-3.5 3.25 14.3 40.48 +0.6 +1.9 *1.5 +2.5
3.5-40 375 159 +0.60 +0.8 +3.0 2.3 +3.9
10-12 11.0 229 +1.5 +5.5 <05 - +5.5
12-14 13.0 284 +0.5 +2.1 <05 - +2.2
14-16 15.0 274 +0.7 +2.2 +0.7 - +2.3
16-18 17.0 28.2 109 +1.5 +1.5 - +2.1
18-20 19.0 313 +1.1 +1.6 +2.2 - +2.7
20-23 21.5 30.3 +1.2 +1.6 +3.0 - +3.4

Table 4

Inclusive proton percentages and their errors measured in the liquid.

Momentum (P) Proton Fit Systematic errors
interval [GeV/c] [GeV/c] fraction [%] Error Eff. Angle  Shape  Total

1.4-1.7 1.55 53 +020 08 <0.1 -~ +0.8
1.7-2.0 1.85 58 +022 04 <0.1 - +0.4
2.0-25 2.25 6.5 +025 03 +0.1 - 03
2.5-3.0 275 6.8 025 103 +0.1 < 0.1 +0.3
3.0-3.5 3.25 7.0 +025 04 £0.1 +0.4 +0.6
3.5-4.0 375 7.1 +027 404 +0.1 +0.3 +0.5
4.0-4.5 425 8.0 +030 04 +0.7 +2.0 $22
4.5-5.0 4.75 9.9 +038 05 *1.3 +2.5 +29

charged spectrum is in excellent agreement with the predictions from JETSET 7.3. The
differential cross sections for K* and p/p are summarized in Table 5 as functions of x,
and momentum, P. The mean K* multiplicity per hadronic event was evaluated using
a fit through the data in the range of 0.018 < x, < 0.5 which corresponds to 79% of
the full integral. In the unmeasured region the kaon fraction was extrapolated using the
JETSET prediction. This leads to a mean multiplicity per Z° decay of

(Ng+) =2.26 £ 0.01 (stat.) & 0.16 (syst.) & 0.09 (extrapol.) (6)

The error is split in three parts: statistical error, systematic error from the measurement
and a systematic error from the extrapolation which was assumed to be + 20%. For the
p/p the measured range of 0.031 < x, < 0.11 covers only ~ 50% of the full integral.
In the measured region alone the multiplicity is ~ 10.5% lower than in JETSET. The
extrapolation to the full x, range assuming a total production which is 10.5% lower than
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K* and p/ cross sections depending on xp and P.

21

ool () gl L qGevietl LS L% (Gev/ell

0.8-1.1 0.021 239 + 1.27 0.524 +0.028

1.1-14 0.028 228 +£1.23 0.500 -+ 0.027

14-1.7 0.034 19.1 £+ 1.13 0.419 4 0.025 10.0 £+ 1.50 0.21940.033
1.7-2.0 0.041 16.7 &+ 1.36 0.366 + 0.030 8.69 1+ 0.76 0.191 4: 0.017
2.0-25 0.050 145 £ 1.18 0.318 +£0.026 7.63 4+ 047 0.167 4 0.010
2.5-3.0 0.061 121+ 1.35 0.265 £+ 0.030 6.06 & 036 0.133 4- 0.008
3.0-3.5 0.072 100 + 1.82 0.219 L+ 0.040 491 4 045 0.108 3- 0.010
3.5-4.0 0.083 8.8 &+ 2.16 0.193 £ 0.047 395 4 033 0.087 £ 0.007
4.0-4.5 0.094 3.60 + 0.99 0.079 4 0.022
45-5.0 0.106 3.66 + 1.07 0.080 4 0.023
10-12 0241 1.833 £ 0.456 0.0402 & 0.0100

12-14 0.285 1.483 4+ 0.115 0.0325 4- 0.0025

14-16 0329 0.960 & 0.084 0.0211 4 0.0018

16-18 0373 0.663 + 0.054 0.0145 +£0.0012

18-20 0.417 0.507 &+ 0.047 0.0111 4 0.0010

20-23 0471 0303 £+ 0.036 0.0067 & 0.0008

JETSET leads to a value of

(Npsp) = 1.07 £0.01 (stat.) £ 0.05 (syst.) + 0.13 (extrapol.) (7

The results are consistent with a measurement from the OPAL collaboration [9],
where the pion, K* and p/p yields were obtained from an energy loss measurement in
the OPAL jet chamber. By overlaying the p/p measurements from DELPHI, the proton
yield is determined over the full kinematical range. Both measurements see a lower p/p
yield than given by JETSET 7.3.

QCD calculations within the framework of the Modified Leading Logarithm Ap-
proximation (MLLA) and Local Parton Hadron Duality (LPHD) make predictions
of inclusive hadronic spectra in ¢ = In(1/xp) [2]. The calculation predicts that the
momentum fraction distribution has the form of a “humped-backed-plateau”, which is
approximately Gaussian in £ [11]. In order to compare the MLLA predictions with the
data, the data can be fitted with a simple Gaussian in the peak region only or with a
distorted Gaussian over the entire spectrum, as proposed in [12]. The formula for the
distorted Gaussian used was

DN, (£), 08,5, k) = —— 1
a

1 1 2, 1o 1
\/Z_ﬂexp(sk—2s6 72 +0)& + 258 +24k5"'>,

6
(8)

where N is an overall normalization factor, § = (£ ~ (£)) /o with (&) being the peak
position in leading order, o is the width, s the skewness and k the kurtosis of the
distribution.
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Fig. 7. Differential cross sections for inclusive K¥ and p/p production as functions of normalized momentum
xp. Points are measured values, also showing errors, lines are predictions of the JETSET 7.3 model.

In Fig. 8 the measured distributions (do/d¢) /Ohag for K and p/p are shown.
The maxima (£*) of the distributions were determined to be 2.63 + 0.07 and 2.96 +
0.16 for K* and p/p respectively. The kaon distribution was fitted with a distorted
Gaussian function. A Gaussian function was used to determine the &*-value for the
proton distribution.

The peak values from single particle distributions and their dependence on the hadron
mass are of interest. In the framework of MLLA+LPHD smaller peak values are ex-
pected for more massive particles [15]. A complete list of the measured &*-values with
their errors is given in Table 6. Most £*-values were directly taken from the references
given in the last column, for the rows marked with an “s” the fit of the &-distribution,
determining the £*-value, was carried out in the presented analysis. The errors contain
the quadratic sum of the statistical error from the fit and the systematic error from
variations of the fit conditions. The data indicate a different mass dependence of &* for
mesons and baryons. Fig. 9 shows the measured £*-position for Kt and p/P combined
with various other measurements at LEP,

At LEP energies the majority of the observed hadrons come from secondary decays
of heavier primary hadrons. Using the latest (1994) DELPHI tuning of the JETSET
7.3 model, which generally reproduces well the known particle spectra, the influence of
particle decays on the observed £*-positions was estimated. This was done by comparing
the peak values with and without inhibiting all particles decays. The quantity A fecayss
defined in Eq. (9), was added to the measured £*-values,

;rim =&+ Af;ecays . 9)
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Table 6
Position of the maximum in the £-distribution and their decay corrections (Af;ecays) for different particles
measured at LEP.

Particle &* Afgmys Fit function Experiment Reference
a 3.96 + 0.13 -022 limited spectrum L3 [18]
nt 3.81 + 0.02 o2 OPAL (91
¥t 3.78 £ 0.02 . Gaussian ALEPH [20]
K=* 2.70 + 0.09 Gaussian ALEPH [20)
K* 2.63 + 007 054 distorted Gaussian * DELPHI this paper
K+ 2.63 £+ 0.04 ) OPAL [9]
K 2.65 & 0.05 distorted Gaussian * ALEPH [19]
K? 2.57 £ 0.08 041 distorted Gaussian * DELPHI [13]
K® 2.89 + 0.05 ’ limited spectrum L3 [18]
KO 2.77 + 0.05 distorted Gaussian * OPAL [21)

7 2.52 £ 0.10 0.13 limited spectrum L3 (18]
K*0 2.51 £+ 020 0.58 Gaussian OPAL [22]
p/P 2.85 4 0.18 Gaussian ALEPH [20]
p/P 296 + 0.16 0.11 Gaussian * DELPHI this paper
p/D 3.00 + 0.09 OPAL 19}
AY 2.87 £ 0.13 distorted Gaussian * ALEPH [19]
Al 2.79 + 0.06 0.18 distorted Gaussian * DELPHI 14
AV 2.83 4+ 0.13 ’ limited spectrum L3 [18]
A0 277 £ 005 Gaussian OPAL 23]
=i 260 £ 0.16 0.16 Gaussian * DELPHI [16]
E- 257 + 0.11 ) Gaussian OPAL [23]

In Fig. 10a the corrected £;,-positions for primary hadrons are shown. The full line is
a fit proportional to — 10g( Mhadron) Which describes the data satisfactorily. In the MLLA
calculations the peak position moves linearly with —log(Qp/A) [17] with Qg being the
cut-off parameter in the parton cascade and A an effective QCD scale. Qy is related to
the hadron mass, where the most simple approach is Qp ~ Mpagron [2], thus leading to
a linear dependence between §;ﬂm and —log( Mpadron). The errors on the decay correc-
tions (A€gc,ys) were estimated through variation of relevant JETSET parameters and are
typically 10-20% of the applied correction. Fig. 10b shows that the decay corrections
vary quantitatively for the different particle species and are relatively large for K*, K°
and K*°. The corrected prim-Values show a smooth decrease with increasing hadron
mass, which is in good agreement with the expectation of the MLLA + LPHD model
(Fig. 10).
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6. Summary and conclusion

In the present paper the measurements of the Cherenkov angles in two radiator media
(gas and liquid) were used for the identification of charged particles. The differential
cross sections for the production of K* and p/p were measured as a function of x,
(xp = P/Ppeam) in the kinematical regions:
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Fig. 10. The maximum £, of the {-distribution for primary hadrons is shown as function of the particle
mass. The full line is a fit £, o — 10g(Mpagron) through the data points. The peak position is corrected for
shifts coming from particle ggcays using the JETSET 7.3 model (1994 DELPHI tuning). The errors drawn do
not include any contribution for the decay corrections. Fig. (b) shows the size of the applied decay correction.

K=* 0.018 < x, < 0.078 and 0.22 < x, < 0.50
p/P 0.031 < x, < 0.11

The average K* and p/p multiplicities per hadronic event were determined to be:
Nk =2.26 £ 0.18 and N, = 1.07 + 0.14. Compared to the measurements, the JETSET
model for the K* spectrum is a little softer at high momenta and the p/p rate is 10.5%
higher in the measured momentum region. The measured spectra are in agreement with
measurements from OPAL [9] and ALEPH [20].

The differential cross sections as a function of ¢ (£ =1n(1/xp)) are approximately
Gaussian shaped. The maxima £* of the measured distributions are £g = 2.63 £ 0.07
and £; =2.96 % 0.16.
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The measured £-distributions for various identified particles indicate a different mass
dependence of ¢* for mesons and baryons. The differences between mesons and baryons
can be explained by shifts in the £*-values due to particle decays which were extracted
using the JETSET model. The observed mass dependence for the corrected prim-values
is in agreement with the prediction of the MLLA + LPHD model.
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