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Abstract: The  production  rates  of  baryons  in  energy-ranked  jets  produced  from  decays  are
measured using  million hadronic Z decay events recorded by the DELPHI experiment. Jets are reconstructed us-
ing the Durham algorithm with . Quark- and gluon-enriched jet samples are obtained by ranking the jet
energies in three-jet events. The softest jet is found to produce fewer  and less energetic baryons than the oth-
er  jets.  The  ratio  of  production  rates  in  gluon  and  quark  jets,  each  normalized  to  the  corresponding  mean
charged-particle multiplicity, is measured to be . This result is consistent with the JET-
SET expectation and the OPAL measurements  of  and Λ productions in Z decays.  This  study presents  the first
measurement of the gluon-to-quark production ratio for baryons containing two s quarks, providing new insights in-
to strange-quark production and hadronization. Future  colliders such as CEPC and FCCee will  provide much
larger Z-boson samples and enable far more precise studies of the subject.
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I.  INTRODUCTION

K0
S

Quantum chromodynamics (QCD) theory predictions
suggest that  gluon  jets  will  exhibit  stronger  color  radi-
ation in  the  perturbative  parton  cascade  and  contain  lar-
ger  particle  multiplicities  [1, 2]  in  hadronic Z decays.
This general  enhancement  is  largely  reflected  in  inclus-
ive  charged-particle production.  For  the  identified  had-
ron species,  the  observed differences  between quark and
gluon  jets  also  encode  properties  of  non-perturbative
QCD. Earlier studies investigated  and Λ production in
energy-ranked jets and derived the ratios of their produc-
tion  rates  in  gluon  and  quark  jets  relative  to  the  mean
charged-particle multiplicity, 

Rh
g/q ≡

⟨Nh⟩g
⟨Nch⟩g

¡ ⟨Nh⟩q
⟨Nch⟩q

, (1)

⟨Nh⟩g ⟨Nh⟩q
⟨Nch⟩g

⟨Nch⟩q

Ξ−

Ξ−

where  and  are  the  average  yields  of  hadron
type h in gluon and quark jets, respectively, while 
and  represent  the  mean  charged-particle multipli-
cities in gluon and quark jets. The results showed that the
identified strange-hadron production in gluon jets cannot
be fully explained through a general  scaling of  inclusive
charged-particle  multiplicity  in  gluon  jets  [3]. Further-
more,  measurements  of  single-strange  baryon–antibary-
on correlations indicate that baryon-number and strange-
ness compensation in QCD depend on the baryon species
and rapidity separation [4−6]. In this context, the produc-
tion  of  doubly-strange  baryons, ,  in  jets  intrinsically
involves both  strange  hadron  production  and  local  com-
pensation of  baryon  number,  thereby  making  it  a  sensit-
ive probe of non-perturbative QCD. The production of 
baryons has  been  experimentally  investigated  in  inclus-
ive Z decays  by  OPAL  [7, 8]  and  DELPHI  [9, 10];
however,  its  dependence on the jet  environment  remains
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Ξ−

unexplored.  Three-jet  hadronic Z events provide  experi-
mentally  accessible  quark- and  gluon-enriched  jet
samples, enabling a differential study of  production in
distinct jet categories.

In 2024, the DELPHI data set and the full simulation
and  reconstruction  software  stack  were  released  to  the
global  high-energy-physics  community  [11],  enabling
further investigations of the strange-baryon production in
Z decays.

Ξ−/Ξ̄+

ξ = − ln(pΞ/Ebeam)

Ξ−/Ξ̄+

RΞ−g/q

This  paper  reports  a  measurement  of  produc-
tion in two- and three-jet events using DELPHI data col-
lected during 1992–1995. The production rates are repor-
ted  as  functions  of  jet  energy  and  jet  energy  rank.  The

 spectra  are  compared  among  energy-
ranked  jet  samples.  For  three-jet  events,  the  generator-
modeled  gluon  fractions  of  the  energy-ranked  jets  are
used to infer the ratio of  production rates per mean
charged-particle multiplicity in gluon and quark jets, .

Ξ−/Ξ̄+

Ξ−/Ξ̄+

Ξ− Ξ−

Ξ̄+

The rest of this paper is organized as follows. Section
II  summarizes  the  DELPHI detector,  open data  samples,
and corresponding simulated samples used in the analys-
is.  Section  III  describes  the  jet  reconstruction,  energy-
ranked  jet  classification,  generator-level  gluon-fraction
estimate, and reconstruction and selection of  can-
didates.  The  yield extraction,  efficiency  correc-
tion, uncertainty  evaluation,  and  the  resulting  measure-
ments  in  energy-ranked jets  are  presented in Section IV.
The  main  findings  are  summarized  in  the  final  section.
Unless stated otherwise,  represents the sum of  and
its charge-conjugate state . 

II.  DELPHI DETECTOR, DATA, AND
SIMULATION SAMPLES

1.2T

11cm

The DELPHI  detector  and  its  performance  are  de-
scribed  in  detail  in  Refs.  [12, 13].  From  the  beam  pipe
outwards, the central detector included the vertex detect-
or  (VD),  inner  detector,  time  projection  chamber,  outer
detector,  ring  imaging  Cherenkov  counter,  high-density
projection  chamber  electromagnetic  calorimeter,  hadron
calorimeter instrumented in the iron return yoke, and bar-
rel  muon chambers.  The  entire  tracking  system operated
inside a magnetic field of , parallel to the beam axis.
During  the  1991–1993  running  period,  the  VD  included
three layers of single-sided silicon microstrip detectors at
radii  of  approximately  6.3,  9, and ; from 1994 on-
ward,  the  use  of  double-sided  silicon  detectors  enabled
three-dimensional  impact-parameter reconstruction,  im-
proving  secondary-vertex  reconstruction  and  heavy-fla-
vor tagging [13].

e+e−→ Z→ qq̄

This  study  uses  the Z-decay  data  collected  in  1992–
1995. The  sample  nicknames  and  digital  object  identifi-
ers  (DOIs)  are  listed  in Table  1.  The  corresponding
Monte  Carlo  (MC)  samples  of  inclusive 
events, produced with the DELPHI built-in generator [14]

Ξ−
and  released  with  the  data  set,  are  used  to  interpret  the
data and estimate the selection efficiency for  candid-
ates.  These  samples  are  also  listed  in Table  1 and  are
stored in the original DELPHI DST data format. A dedic-
ated  tool,  adapted  from  the  software  described  in  Ref.
[15],  is  used  to  extract  the  information  relevant  to  the
analysis from the DST files and to store it in ROOT files
[16].
  

Table  1.  Nicknames  and  digital  object  identifiers  (DOIs)  of
the data sets and official simulation samples used in this ana-
lysis.

Type Year Sample DOI

Data 1992 short92_e2 [17]

Data 1993 short93_d2 [18]

Data 1994 short94_c2 [19]

Data 1995 short95_d2 [20]

MC 1992 sh_kk2f4146qqpy_e91.25_c92_2l_e2 [21]

MC 1993 sh_kk2f4146qqpy_e91.25_c93_2l_d2 [22]

MC 1994 sh_kk2f4146qqpy_e91.25_l94_2l_c2 [23]

MC 1995 sh_kk2f4146qqpy_e91.25_c95_1l_d2 [24]
 

3.23×106

All  events  are  required to  pass  the  official  "Team 4"
selection  encoded  in  the  open  data  as  a  tag,  after  which
approximately  events remain. In each event, re-
constructed particles are selected according to official cri-
teria [13, 25]. 

Ξ−III.  JET CLUSTERING AND  RECONSTRUC-
TION

Ξ− e+e− k⊥To investigate  production in jets, the   clus-
tering  algorithm,  referred  to  as  the  Durham  algorithm
[26], is implemented using the FASTJET [27] package. All
charged and neutral reconstructed particles satisfying the
requirements described in Section II are used as jet-clus-
tering  inputs.  In  the  Durham  algorithm,  the  distance
between input objects i and j is defined as 

yi j =
2min(E2

i ,E
2
j )(1− cosθi j)

Q2
, (2)

Ei E j

θi j

ycut = 0.005

where  and  are the object energies, Q is the center-
of-mass energy, and  is the opening angle between the
two  objects.  Following  Ref.  [3], the  jet  resolution  para-
meter is set to .

The jet energy is defined as the sum of the energies of
the  reconstructed  particles  assigned  to  the  jet,  with
charged  particles  treated  as  pions  and  neutral  particles
treated as photons. In two- and three-jet events, the recon-
structed  jets  are  ordered  by energy and labeled  the  most
energetic  jet  (Jet  1),  second-most  energetic  jet  (Jet  2),
and third-most energetic jet (Jet 3).

The  gluon  fraction  of  each  energy-ranked jet  cat-
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egory is estimated from the MC samples using generator-
level  parton  information.  A  list  of  generator-level refer-
ence  partons  is  constructed  from  the  primary  partons
whose parent is the generated Z boson. The most energet-
ic generated  gluon  in  the  event  is  included.  The  recon-
structed  jets  are  matched  to  the  generator-level  partons
based  on  the  smallest  angular  separation  between  their
momentum  directions.  The  gluon  fraction  is  defined  as
the  fraction  of  jets  in  the  category  that  are  matched to  a
gluon. The resulting average gluon fractions of Jet 1, Jet
2, and Jet 3 are 10.3%, 26.3%, and 63.2%, respectively.

Ξ−

Ξ−→ Λπ− Λ→ pπ−

V0

V0

V0

Ξ−

Ξ−

Ξ−

The  candidates  are  reconstructed  via  the  cascade
decay , followed by . Λ candidates are
reconstructed  from oppositely  charged  particle  pairs  (
candidates) originating from decays in the flights of neut-
ral  particles,  using  the  standard  DELPHI  algorithm
[13].  All  candidates  are  treated  as  Λ  candidates  and
combined with additional charged tracks to form  cas-
cade decays. An external package for vertex fitting [28] is
used  to  reconstruct  the  two  vertices  in  the  cascade.
The higher-momentum daughter track of the Λ candidate
is  assigned  the  proton  mass,  while  the  other  daughter  is
assigned  the  pion  mass.  The  momenta  of  the  three
charged daughter  tracks  are  corrected  using  the  corres-
ponding  and Λ decay vertices as their points of origin.

Ξ−

|mΛ−1116.3 MeV| < 4.5 MeV χ2

Ξ−→ Λπ−

Ξ−

Rϕ

For  candidate selection, the two pion tracks are re-
quired  to  have  the  same  charge.  The  Λ  candidates  must
satisfy .  The  probabilit-
ies for both constraints in the  vertex fit need to
be  greater  than  0.1%.  To  further  suppress  combinatorial
background,  the  signed decay radius  of  each  candid-
ate in the  plane must satisfy 

RΞ =

+rΞ if rΛ > rΞ,

−rΞ if rΛ ≤ rΞ,

 > 0.4cm, (3)

rΞ rΛ
Ξ−→Λπ− Λ→ pπ−

Ξ− 1.0 < ξ ≡
− ln(pΞ/Ebeam) < 4.0

Ξ−

where  and  are  the  transverse  distances  of  the
 and  decay  vertices  from  the  beam

spot, respectively.  The  DELPHI  detector  has  limited  ac-
ceptance  for  baryons  outside  the  range 

; consequently,  only  candidates  with-
in this  range  are  used  in  this  analysis.  The  resulting  in-
variant-mass  spectrum  of  the  candidates  in  all Z-de-
cay events is shown in Fig. 1.1)

Ξ−/Ξ̄+

yΞ jet

Ξ−

yΞ jet Ξ−

ycut

Each  reconstructed  candidate  is  assigned  to  a
jet  according  to  its  distance  from  the  reconstructed  jets.
The quantity ,  defined in Eq. (2),  is  calculated using
the  four-momenta  of  each  candidate  and  jet.  If  the
minimum value of  for a given  candidate is smal-
ler than , the candidate is assigned to the correspond-

ing jet. 

Ξ−IV.  AVERAGE  PRODUCTION IN ENERGY-
RANKED JETS

30◦ < θjet < 150◦

This  analysis  begins  with  the  selection  of  hadronic
events.  All  jets  in  each  event  must  have  polar  angles  in
the range .

Ξ−
Jets in the 2- and 3-jet events are grouped into bins of

reconstructed jet  energy.  The average  production per
jet is calculated as 

⟨NΞ⟩ =
1

Njet,k

NΞ
−

obs,k

ϵk facc,k
, (4)

Njet,k

Ξ−

Ξ− Nobs,k

Ξ−

ϵk facc,k

where  represents  the  number  of  reconstructed  jets
included in the  production measurement. The number
of observed  candidates ( ) is obtained from fits to
the  mass spectra in the corresponding jets. The quant-
ities  and  are the  selection  efficiency and accept-
ance  factor,  respectively,  estimated  from  the  MC
samples.

Ξ−

Λπ+ Λ̄π−

Ξ−

When fitting  the  mass spectrum,  the  signal  prob-
ability  density  function  is  modeled  using  kernel  density
estimation  (KDE)  with  a  Gaussian  kernel  based  on  the
MC simulation.  The  KDE  bandwidth  follows  the  adapt-
ive  prescription  of  Ref.  [29]. The  combinatorial  back-
ground  is  modeled  using  wrong-sign  control  candidates.
These candidates are formed from  and  combin-
ations and  passed  through  the  same  reconstruction  pro-
cedure  and  selection  requirements  as  the  right-sign 
candidates.  The  wrong-sign  candidates  are  then  used  to

 

Ξ−
Fig.  1.    (color online)  Invariant  mass  distribution  of  the  se-
lected  candidates  from all  data  samples  listed  in Table  1.
The  spectrum  is  fitted  with  a  double-Gaussian  function  (red
curve) and a third-order polynomial function (blue curve).

Ξ−/Ξ̄+Measurement of  production in jets from Z boson decays using DELPHI open data Chin. Phys. C 50, (2026)

1) Because the magnetic-field conditions are not fully known, the Ξ- candidate mass distributions are biased. Following the calibration used in the offcial study [10],
a residual mass-scale correction is applied to the Ξ- mass in data. The correction is calibrated using the mass shifts of Λ and KS

0 candidates, and the distribution in the
MC samples is artificially shifted to match the nominal Ξ- mass.

-3

CPC
 A

cce
pte

d



construct  the  background  KDE  template.  The  obtained
signal yields are used as raw inputs for data correction.

ϵk facc,k

Ξ−

Ξ−

Ξ−

ϵk
Ξ− Ξ−

Ξ−

facc,k

Ξ− 1.0 < ξ < 4.0
Ξ−

The  and  in  Eq.  (4)  are  estimated  using  MC
simulations.  In  the  MC samples,  the  generated  bary-
ons are assigned to jets using the same Durham-distance
criterion  as  that  utilized  in  the  jet-clustering  algorithm.
The generated  baryons are then matched to the recon-
structed  candidates  using  MC  information.  For  each
energy-ranked jet, the efficiency  is defined as the ratio
of  the  selected  candidates  matched  to  truth  bary-
ons  to  the  total  number  of  generated  truth  baryons.
The acceptance  factor  is  defined as  the  ratio  of  the
generated  baryons  within  to all  gener-
ated  baryons assigned  to  the  corresponding  jet  cat-
egory.
 

Uncertainties The statistical uncertainty includes con-
tributions from the  fitted  signal  yield  in  data  and  the  fi-
nite MC  statistics  utilized  in  the  efficiency  and  accept-
ance  correction.  These  components  are  propagated
through the correction procedure.

Ξ−

mΛ
4.5MeV 4.0MeV 5.0MeV

Ξ− Rϕ
0.4cm 0 0.5cm 2.5cm

The  systematic  uncertainty  from  the  selection  is
evaluated by  repeating  the  measurement  with  varied  se-
lection requirements. The  window is varied from the
nominal  to  and . The  require-
ment  on  the  signed  decay  radius  in  the  plane  is
varied from the nominal  to , ,  and .
For each source,  the largest  variation with respect  to  the
nominal  result  is  taken  as  the  corresponding  systematic
uncertainty.

Ξ−

±10MeV Ξ−

±10MeV

The systematic uncertainty associated with the signal
yield  extraction  model  is  estimated  with  an  alternative
method.  In  this  procedure,  the  background  in  each 
mass  spectrum  is  modeled  with  wrong-sign  control
samples, and its normalization is determined by fitting the
spectrum  outside  a  window  around  the 
mass. The signal yield is then obtained by subtracting the
normalized background contribution from the data within
the  signal  window.  Half  of  the  difference

between  this  yield  and  the  nominal  fit  result  is  assigned
as the fit-model systematic uncertainty.

1.0 < ξ < 4.0
The  acceptance  factor  used  to  extrapolate  from

 to  the  full  kinematic  range  is  derived  from
the JETSET generator and is therefore model dependent.
Following the previous study [10],  a  relative uncertainty
of ±50% is assigned to the amount of compensation. The
total systematic uncertainty is obtained by adding the in-
dividual systematic components in quadrature.
 

Ξ−Result Figure 2 shows the average  baryon produc-
tion per jet for energy-ranked jets, and the corresponding
values  are  listed  in Table  2.  The  measurements  in  the
leading  and  subleading  jets  are  similar  in  both  two- and
three-jet  events.  In  three-jet events,  the  softest  jet  cat-
egory  yields  a  lower  value.  All  measurements  remain
compatible with the JETSET prediction within the uncer-
tainties. 

V.  MOMENTUM SPECTRA

ξ = − ln(pΞ/Ebeam) Ξ−The  spectra  of  the  baryons  in

 

Ξ−Fig.  2.    (color  online)  Average  production per  jet  in  the
energy-ranked jets  for  (left)  two- and (right)  three-jet  events.
The measurements are compared with the JETSET prediction.

 

⟨NΞ⟩ = Nobs/(ϵ faccNjet)
Nobs facc Njet σstat

σtot
syst ⟨NΞ⟩ σtot

syst

∆mΛ Ξ− Rϕ RΞ Fit
Acc. σtotal

Table 2.    Average Ξ production per jet in the two- and three-jet events. The central observable is computed as 
from the fitted signal yield ( ), selection efficiency (ϵ), acceptance factor ( ), and number of jets ( ). Relative statistical ( )
and systematic ( ) uncertainties in  are listed as percentages. The total systematic uncertainty  is decomposed into contribu-
tions from the Λ-mass selection ( ), signed  decay radius in the  plane ( ), method used to extract the signal yield ( ), and
acceptance correction ( ). The individual uncertainties are added in quadrature to obtain the total uncertainty ( ) listed in the last
column.

Jet Num. Jet Rank Nobs ϵ (%) facc  (%) Njet ⟨NΞ⟩×10−3 σstat  (%)
σsyst

σsyst  (%) σtotal  (%)
∆mΛ RΞ Fit Acc.

3-jet Jet 1 760.5 10.4 84.5 889570 9.71 +6.7
−6.7 2.9 4.7 0.5 7.8 9.5 +11.7

−11.6

3-jet Jet 2 789.4 10.3 88.0 889570 9.74 +6.7
−6.7 0.5 1.7 2.1 6.0 6.6 +9.4

−9.4

3-jet Jet 3 852.0 13.8 92.2 889570 7.54 +5.8
−5.7 2.8 6.8 2.1 3.9 8.6 +10.3

−10.3
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Ξ−
energy-ranked jets are also measured in this study. With-
in  each  energy-ranked jet  category,  the  selected  can-
didates are further divided into bins of ξ. 

d⟨NΞ⟩
dξ

≃ ∆⟨NΞ⟩
∆ξ

=
1
∆ξ

1
Njet

Nobs

ϵ
. (5)

Ξ−

2.51+0.11
−0.10(stat)±

0.19(syst) 2.33+0.10
−0.10(stat)±0.16(syst) 2.84+0.05

−0.05(stat)±
0.082(syst) Ξ−

The  efficiency  correction  and  uncertainty  estimation
follow the procedure described in Section IV. The results
are shown in Fig. 3. The average ξ values for the  bary-
ons  in Jet  1, Jet  2,  and Jet  3 are 

, ,  and 
, respectively. The momentum of the  bary-

ons in Jet 3 tends to be lower than those in Jet 1 and Jet
2. The spectra are consistent with the JETSET prediction. 

Ξ−VI.  RELATIVE  PRODUCTION AND
GLUON-TO-QUARK RATE

RΞ−g/q

Following  the  methods  of  previous  studies  [3, 30],
this study determines , as defined in Eq. (1).

The jet  samples  are  treated as  mixtures  of  gluon and
quark jets.  For a jet  category indexed by k,  the observed
production rate of an identified particle (h) relative to the
production of inclusive charged tracks is expressed as 

Rh
k ≡
⟨Nh⟩
⟨Nch⟩

= ρk ·Rg+ (1−ρk) ·Rq, (6)

⟨Nh⟩
⟨Nch⟩

ρk

Rq Rg

Rg Rq

where  is  the  average  yield  of  the  particle  per  jet,
 represents  the  average  yield  of  inclusive  charged

tracks,  and  is  the  gluon  fraction  of  the  jet  category.
The  and  are  the  relative  production  rates  of  the
particle  in quark and gluon jets,  respectively.  and 
can be obtained by minimizing 

χ2 =
(
Rh−Aθ

)T
V−1

(
Rh−Aθ

)
, (7)

Rhwhere V is the covariance of . The ratio of the produc-

Rg/q ≡ Rg/Rq

tion rates  for  pure  gluon  and  quark  jets  may  be  determ-
ined as .

⟨Nch⟩k
RΞ−k

In  this  study,  is  measured  in  the  same  events
and energy-ranked jet categories as the numerator of .
The corresponding reconstruction efficiency is  evaluated
from simulations as the ratio of reconstructed to generat-
or-level  charged-particle  yields  and  used  to  correct  the
multiplicity measured in data.

⟨Nch⟩k ⟨NΞ⟩k
Ξ−

RΞ−g/q = 1.21±0.18 (stat.)±0.26 (syst.)
⟨Nch⟩k ⟨NΞ⟩k

⟨Nch⟩k

Taking  and  as inputs, the fit yields an ef-
fective  gluon-to-quark  ratio  for  production  of

.  The  uncertainties  in
 and  are propagated to the fitted ratio,  while

correlated systematic uncertainties in  largely cancel out.
The nominal gluon fractions are obtained from the of-

ficial  MC  simulation.  To  estimate  the  effect  of  the  MC

 

Ξ− ξΞ = − ln(pΞ/pbeam)Fig. 3.    (color online) Differential  production spectra as a function of  in Jet 1, Jet 2, and Jet 3 of the three-jet
events.

 

Rg/q K0
S

Fig. 4.    (color online) Comparison of the gluon-to-quark jet
production ratio  for strange hadrons. The  and Λ res-
ults,  along  with  the  JETSET  and  HERWIG  predictions,  are
obtained from the OPAL measurements [3]. Yellow and blue
bands  indicate  statistical  and  systematic  uncertainties,  and
black error bars show their quadrature sum.
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RΞ−g/q

RΞ−g/q

generator  on  the  result,  a  PYTHIA  8  sample  of  a
sample size comparable to that of the data is used, provid-
ing  alternative  gluon  fractions  of  10.9%,  24.7%,  and
56.1% for the three energy-ranked jet categories, respect-
ively. Repeating the fit with these fractions changes 
by an amount considerably smaller than those of the oth-
er uncertainties.

Rg/q

K0
S

Figure 4 compares this result with the  values for
 and Λ production measured by OPAL [3]. 

VII.  CONCLUSION

Ξ−/Ξ̄+

ycut = 0.005

Ξ−/Ξ̄+

This work presents the first  measurement of  the pro-
duction of doubly strange baryons, ,  in gluon- and
quark-enriched jets using three-jet events from hadronic Z
boson decays  recorded  by  the  DELPHI  experiment  dur-
ing  1992–1995.  The  jets  are  reconstructed  with  the
Durham algorithm using  and ordered accord-
ing to their energies. The lowest-energy jet is enriched in
gluon jets,  while the two higher-energy jets  are enriched
in quark jets. The softest jet has lower  production
rates and softer momentum spectra than those of the oth-
er  two  energy-ranked  jets.  These  results  are  consistent
with the JETSET prediction.

Ξ−/Ξ̄+

RΞ−g/q =

1.21±0.18 (stat.)±0.26 (syst.) RK0
S

g/q

RΛg/q RΞ−g/q

Ξ−/Ξ̄+

e+e−

The  ratio  of  production  rates  in  gluon  jets  to
quark  jets,  each  normalized  to  the  corresponding  mean
charged-particle  multiplicity,  is  determined  to  be 

; this is consistent with 
and  reported by OPAL [3]. The  ratio is consist-
ent with unity within uncertainties, indicating that the en-
hancement  of  production  in  gluon  jets  relative  to
quark jets  is  compatible  with  that  observed for  inclusive
charged particles.  The  precision  of  the  present  measure-
ment is limited by the available data sample. Future 
colliders  such  as  CEPC  and  FCCee  operating  at  the Z
pole  are  expected  to  provide  substantially  larger  data
samples,  which  will  enable  more  precise  studies  of  the
productions of hadrons in gluon and quark jets. 
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