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Abstract. ReconstructedΛ baryon decays and photon con-
versions in DELPHI are used to measure theΣ0 production
rate from hadronic Z0 decays at LEP. The number ofΣ0

decays per hadronic Z decay is found to be:

< Σ0 +Σ
0
>= 0.070± 0.010 (stat.) ± 0.010 (syst.) .

TheΩ− production rate is similarly measured to be:

< Ω− +Ω
+
>= 0.0014± 0.0002 (stat.) ± 0.0004 (syst.)

by a combination of methods using constrained fits to the
whole decay chain and particle identification.

1 Introduction

Measuring the production rates of baryons in general, and
strange baryons in particular, is important in order to un-
derstand the underlying fragmentation process in Z0 → qq̄
events. This process has a small four-momentum transfer and
perturbation theory is not applicable. Consequently, there
is no good theoretical description of the phenomenon of
hadronization, and one has to rely on phenomenological
models. The most widely used models are implemented in
the simulation programsherwig (cluster decay) [1] and
jetset (string fragmentation) [2]. Since there are substan-
tial differences between these two models, a measurement
of the hyperon production rates offers a possibility to gain
insight into how fragmentation works.

This report describes a measurement of the production
of the strange baryons1 Σ0 andΩ− in Z0 hadronic decays
collected with the DELPHI detector at LEP during 1991
to 1994. TheΣ0 rate has not previously been measured at
LEP energies, whileΩ− production at LEP has been mea-
sured by OPAL [3] and with more recent results presented
at conferences [4, 5]. The particle identification capabilities
in DELPHI are used in both theΣ0 analysis and theΩ−
analysis. In order to identify the decayΣ0 → Λγ, where the
Λ decays via pπ−, the Λ sample is enriched by using the
RICH (Ring Imaging CHerenkov) detector to identify the
proton. Photons are reconstructed from their conversion in
the detector material into e+e− pairs. TheΩ− is studied by
a complete reconstruction of the decay chainΩ− → ΛK−,
whereΛ → pπ−. A constrained fit to the three-dimensional
decay topology is used to identify theΩ− decay and sup-
press the large combinatorial background. An independent
analysis based on the identification of the final state kaon
with the RICH detector is also performed.

As a check on the reconstruction procedure for theΩ−,
the decay of theΞ− hyperon is also identified (Ξ−→ Λπ−).

1 Whenever a charged hyperon is mentioned the charge conjugated state
is also referred to, unless explicitly stated otherwise

Because of the topological resemblance ofΩ− andΞ− de-
cays, the same analysis procedure is used to reconstruct the
two hyperons. The large statistics makes theΞ− sample suit-
able to check the integrity of the reconstruction procedure.

Simulated events are used to optimize the analysis and
selection procedures described in the following sections. The
Ω− andΣ0 reconstruction efficiencies are evaluated by run-
ning the analysis program on the simulated events.

2 Track and event selection

The DELPHI detector is described in [6]. The subdetectors
relevant for this analysis are the Vertex Detector (VD), the
Inner Detector (ID), the Time Projection Chamber (TPC),
the Outer Detector (OD) and the Ring Imaging CHerenkov
detectors (RICH). The VD consists of three concentrical lay-
ers of silicon strip detectors, located at radii 6, 8 and 11
cm. The polar angle covered is 43◦ < θ < 137◦, where
θ is given with respect to thez-axis2. In the 1994 run the
first and third layer had a double-sided readout to recon-
struct bothRφ andz coordinates, whereφ is the azimuthal
angle andR the radial distance in the plane perpendicular
to the z-axis. The TPC is the main tracking device where
charged particle tracks are reconstructed in three dimensions
for radii between 30 and 120 cm. The ID and OD are two
drift chambers located at radii between 12 and 28 cm and
between 198 and 206 cm respectively. These two detectors
provide additional points for the track reconstruction. The
RICH detectors are the main particle identification detectors
in DELPHI. They are situated on the outside of the TPC,
just in front of the OD and provide kaon and proton identi-
fication for particles in the momentum range 0.7 GeV/c to
25 GeV/c.

For theΩ− analysis, Z→ qq̄ events were simulated
corresponding to the production of∼48,000Ω− hyperons
in the DELPHI detector. This corresponds to∼34 million qq̄
events. For theΣ0 analysis, 5.3 million Z→ qq̄ events were
generated, corresponding to about 0.072Σ0 hyperons per
hadronic event, or 382,000Σ0 hyperons. These simulations
used thejetset 7.3 generator with parameters tuned from
previous QCD studies [7], followed by a detailed simulation
of the DELPHI detector (delsim) [8].

A charged particle is accepted in the analysis if it has a

– track length greater than 30 cm,
– momentum larger than 100 MeV/c, and
– relative error on the momentum less than 100%.

2 In the standard DELPHI coordinate system, thez axis is along the
electron direction, thex axis points towards the centre of LEP, and the
y axis points upwards. The polar angle to thez axis is calledθ and the
azimuthal angle around thez axis is calledφ; the radial coordinate is

R =
√
x2 + y2
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Fig. 1. Schematic picture of aΩ− decay chain. The dotted lines represent
the distances of the two decay points. Typical decay radii are a few cm for
Ω− (cτ = 2.46 cm) and in the decimeter range forΛ (cτ = 7.89 cm)

An event is accepted as a hadronic Z0 decay if it has

– at least 7 charged particles, each with momentum larger
than 200 MeV/c,

– a total reconstructed charged energy larger than 15 GeV,
calculated assuming all particles to have the pion mass,

– a total energy in charged particles of at least 3 GeV in
each hemisphere (defined with respect to the beam axis)
of the detector.

From the 1991 run 0.26 million events classified as
hadronic Z0 decays are selected, from the 1992 run 0.70
million events, from the 1993 run 0.71 million events, and
from the 1994 run 1.39 million events.

3 TheΩ− hyperon

TheΩ− hyperon is identified through its weak decayΩ− →
ΛK− (branching ratio∼ 68%). TheΛ is identified through
its decayΛ → pπ− (branching ratio∼ 64%). The search
for anΩ− decay is performed in two stages. FirstΛ candi-
dates are found using the standard DELPHIV 0 (a V 0 is the
topology for a decay of a neutral particle into two charged
particles) search algorithm as will be described below. The
Λ candidates are combined with charged particles of the
right sign to give a candidate for the decay of anΩ−. The
huge combinatorial background is reduced by two indepen-
dent methods. The first analysis uses a constrained fit to the
Ω− hypothesis, whereas the second one utilizes the RICH
information to identify the kaon.

The lifetime of theΩ− is short enough for it to decay
before it is detected, in general. Therefore it has to be re-
constructed using its decay products. A diagram of theΩ−
decay chain is shown in Fig. 1. All decay radii are given
with respect to the main vertex, which is calculated on an
event by event basis.

3.1 Constrained fit method

3.1.1 Pre-selection.In the constrained fit analysis 0.67 mil-
lion hadronic events were used from the 1992 run, 0.68 mil-
lion from the 1993 run, and 1.24 million from the 1994 run.
The standard DELPHIV 0 algorithm forms all possible pairs
of tracks from oppositely charged particles in the event. A

vertex fit is performed on each such pair which is then ac-
cepted as aΛ candidate if:

– the χ2 probability of the secondary vertex fit exceeds
0.1%,

– the measured flight path in thexy-plane (the plane per-
pendicular to the beam axis) of theΛ candidate exceeds
twice its error, and

– the angle between the momentum vector of theV 0 and
the vector joining the primary and secondary vertices is
less than 0.1 rad.

The invariant mass of theΛ candidate is required to
be between 1.105 and 1.125 GeV/c2 (the nominalΛ mass
is 1115.684± 0.006 MeV/c2 [9]). The Λ candidates are
then paired with the remaining charged particles of the right
sign to formΩ− candidates. A constrained fit, described in
the next paragraph, is performed if the following conditions
are fulfilled when combining aΛ candidate with a charged
particle:

– the charged particle is not an electron or muon,
– the projections onto thexy-plane of theΛ and charged

particle trajectories intersect,
– the intersection between theΛ and charged particle tra-

jectories is more than 8 mm away from the main vertex
in thexy-plane,

– theΛ and charged particle trajectories are not more than
2 cm apart in thez direction at the point of crossing in
thexy-plane.

3.1.2 The fit procedure.The specific topology of weak cas-
cade decays makes possible a constrained fit suitable to sup-
press the combinatorial background. The method used is a
general least squares fit with seven constraint equations. The
constraints are that:

– the pion and proton from theΛ decay must intersect at
theΛ decay point,

– the invariant mass of theΛ candidate has to be equal to
the nominalΛ mass,

– the K− andΛ from theΩ− decay must intersect at the
Ω− decay point,

– momentum has to be conserved in theΩ− decay.

There are 18 variables in the fit, 2 of them unmeasured.
The two unmeasured quantities are the decay radii of the
Ω− andΛ. The measured quantities, for which the fit gives
improved values, are the 5 parameters of the helix param-
eterization of each track and thez coordinate of the main
vertex. These track parameters are: 1/R, whereR is the ra-
dius of curvature of the track, impact parameters inz and
Rφ, the polar angleθ, and the azimuthal angleφ. The last
four parameters are evaluated with respect to some arbitrary
reference point. Since there are 3 tracks making up aΩ−
candidate, there are 16 measured variables in the fit.

All tracks are corrected for ionization losses, according
to the given mass hypothesis.

The performance of the fit was tuned by adjusting the
covariance matrices of the tracks. The adjustment consisted
in a scaling of the errors of the track parameters. After the
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Fig. 2.Λπ− (andΛ̄π+) invariant mass spectrum, represented by the points
with error bars. The curve is the result of the fit to a sum of two Gaussian
distributions with common mean and a linear background. The hatched his-
togram shows the combinationsΛπ+ andΛ̄π− (wrong sign combinations)

adjustment the pull distributions were standard normal dis-
tributions within 10%. The adjustment was made separately
for each year, because the detector setup and the reconstruc-
tion software changed with time. Since theΩ− data sample
is rather small (∼100 decays) the large (∼4,000 decays)Ξ−
sample was used to estimate the scaling factors.

The Λπ− invariant mass spectrum is shown in Fig. 2
and exhibits a largeΞ− signal. TheΞ− candidates were re-
constructed simultaneously with theΩ− candidates by mak-
ing the assumption that the charged particle combined with
theΛ was aπ− instead of a K−. The efficiency, including
branching ratios, to reconstruct a completeΞ− decay chain
is determined by applying the same analysis to the simu-
lated events as to the real data, and is found to be (5.84±
0.14)% . From a clean sample of 3963± 81 reconstructed
Ξ− decays the average number ofΞ− andΞ

+
produced per

hadronic Z0 decay is found to be

< Ξ− +Ξ
+
> = 0.0262± 0.0004,

with only statistical error. This agrees well with our
previously published result onΞ− production, based on
a different analysis of 1991 and 1992 data [10], which is
0.0250± 0.0009± 0.0021.

Figure 3 shows the agreement between the constrained
fit χ2 probability distributions for data and simulated events,
after the adjustment of the covariance matrices. The same
cuts were made on both data and simulation.

3.1.3 Selection ofΩ− candidates.In order to obtain a clean
Ω− signal, a rather large number of cuts must be imposed
on theΩ− candidates. The most important cut is that on the
χ2 probability of the constrained fit. Before performing the
fit, the following cuts on theΛK− pairs are made:

Fig. 3. The χ2 probability distributions of the constrained fit for(a) Ξ−
and (b) Ω− candidates in data and simulation. All cuts except that onχ2

probability have been made. The points with error bars are data, and the
histograms are from the simulation. Combinatorial background has been
subtracted using the wrong sign combinations

– TheΛ and kaon trajectories, at the point in space corre-
sponding to the intersection in thexy-plane, are required
not to be further than 7 mm apart in thez direction.

– The candidate kaon track is required to have an impact
parameter with respect to the main vertex in thexy-plane
of at least 0.2 mm.

After the fit, the following cuts are applied:

– The momentum of theΩ− candidate must point into the
barrel region (| cosθ |< 0.85).

– The Ω− candidate is not allowed to have an invariant
mass within±10 MeV/c2 of the nominalΞ− mass, when
the kaon track is treated as a pion.

– Theχ2 probability of the fit must be larger than 1%.
– The flight distance of theΩ− candidate must be between

1 and 20 cm in thexy-plane.
– The radius of theΛ decay must exceed the radius of the
Ω− decay by more than 1 cm.

– The radius of the first measured point of the kaon track
must not exceed the radius of theΩ− decay by more
than 40 cm.

– The radii of the first measured points of the pion and
proton tracks from theΛ decay are not allowed to exceed
the radius of theΛ decay by more than 40 cm.

– The radius of theΛ decay point is not allowed to exceed
the minimum radius of the first measured points of the
pion and proton tracks by more than 3 cm.

– The cosine of the angle between theΛ andΩ− momenta,
as measured in theΩ− rest frame must be in the interval
[-0.9,0.9] (angular cut).

– The momentum of the kaon track must exceed 0.4
GeV/c.

– The momentum of theΩ− candidate should be between
1 and 15 GeV/c.
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3.1.4Ω− efficiency. In order to calculate the efficiency, the
simulatedΩ− events are run through the same analysis chain
as the real data. The efficiency is integrated over the whole
momentum spectrum, meaning that the momentum distribu-
tion of Ω− is assumed to be correctly described byjetset.
To justify this, it is noted that the agreement forΞ− be-
tweenjetset and data is generally good, even if theΞ−
momentum spectrum is somewhat softer injetset than in
data. The overall efficiency, including branching ratios, to
reconstruct a completeΩ− decay chain is determined to be
εΩ− = (2.56± 0.07)%, where the error comes from the finite
number of simulatedΩ− decays.

3.1.5 Systematic errors.Table 1 lists the various contribu-
tions to the systematic uncertainty.

The influence of the background parameterization of the
ΛK− invariant mass spectrum is studied. TheΩ− signal is
represented by a Gaussian distribution, and the background
is parameterized by first and second order polynomials. The
variation in the size of the signal is taken as the systematic
error due to the shape of the background.

The effect of different bin widths used for theΛK− in-
variant mass distribution on the size of the signal was exam-
ined. Bin widths of 2, 3, and 4 MeV/c2 were tried, and the
variation in the signal is taken as an estimate of the effect
of binning.

In simulation∼17% of theΩ− are produced outside our
momentum acceptance. The true momentum spectrum be-
ing largely unknown, we have assigned a systematic error
of ∼8% due to unseen momentum regions (jetset extrap-
olation I), and a similar uncertainty due to the shape of the
momentum spectrum (jetset extrapolation II).

Furthermore, the cuts are varied in a moderate way. In
particular, the cut on theχ2 probability of the constrained fit
was the subject of detailed investigations. The distributions
for data and simulation agree well, as shown in Fig. 3.

Finally, there is a small contribution from the uncertainty
in the reconstruction efficiency due to limited Monte Carlo
statistics. For the 1992 and 1993 detector configurations, a
total of 5,000 Z0 events each containing at least oneΩ−
were generated and passed through the detector simulation
and event reconstruction program. For the 1994 detector con-
figuration, an additional 10,000 Z0 giving at least oneΩ−
were generated and passed through the detector simulation
and event reconstruction. These events were then analyzed
in the same way as data. The simulation sample corresponds
to about 48,000Ω− decays in total, when branching ratios
are taken into account.

There are two features in the decays ofΞ− andΩ− that
make these two hyperons very similar. They have a simi-
lar lifetime, and the Q-value of the decays are almost the
same. Since the topologies of the two decay chains resem-
ble each other, it seems plausible that aΞ− might easily be
mistaken for anΩ−. This depends on several features of the
reconstruction of the decays, the most important being the
resolution of the reconstructed mass. It is seen in Fig. 4 that
Ξ− decays give a flat reflexion under theΩ− mass peak,
and cannot fake anΩ− signal. Nevertheless, reconstructed
Ξ− decays are explicitly removed by discarding those com-
binations which give a mass of 1.321± 0.010 GeV/c2 under

Table 1. Contributions to the systematic error of theΩ− production rate
measured in the constrained fit analysis

Contribution from: error
Background shape < ± 1%
Bin width ± 5%
K− impact parameter cut < ± 1%
Ω− radial flight cut ± 13%
angular cut ± 12%
jetset extrapolation I ± 8%
jetset extrapolation II ± 8%
χ2 probability cut ± 13%
Branching ratioΩ− → ΛK− < ± 1%
Branching ratioΛ→ pπ− < ± 1%
Monte Carlo statistics ± 3%
Total ± 25%

Fig. 4. Studies on the reflexions ofΞ− andΩ− in simulated events. A
ratio of 1:20 of the production rates< Ω− > / < Ξ− > have been
assumed.(a) Ξ− reflexion under theΩ− mass peak. The solid line is the
Ω− signal. The hatched histogram is the reflexions fromΞ− → Λπ−
decays, where the pion is treated as a K−. (b) Ω− reflexion under theΞ−
mass peak. TheΩ− reflexion has been magnified a factor 20. The solid
line is theΞ− signal and the hatched histogram is the reflexion from the
decayΩ− → ΛK−. The shaded area shows the part of theΩ− signal lost
by requiring the invariant mass in theΛπ− hypothesis to lie outside the
intervalMΞ−± 10 MeV/c2

the Ξ− hypothesis, as described earlier. This cut removes
only (4.6 ± 0.4)% of theΩ− sample, as can be seen in
Fig. 4.

3.1.6 Production ofΩ−. The ΛK− invariant mass spec-
trum for the full data set is shown in Fig. 5. A fit is
performed in which the signal is represented by a single
Gaussian with fitted mean value 1.6729± 0.0007 GeV/c2.
The width of the signal is 2.6± 0.4 MeV/c2, fully com-
patible with the result obtained from simulation, 2.3±
0.1 MeV/c2. The nominalΩ− mass value is 1.67245±
0.00029 GeV/c2 [9]. The possibility of systematic effects
on the fittedΩ− mass obtained above has not been studied.
The background is parameterized by a function of the form
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Fig. 5. ΛK− invariant mass spectrum. The points with error bars are the
ΛK− and Λ̄K+ combinations. The hatched histogram shows the wrong
sign combinations (ΛK+ and Λ̄K−). The line shows the result of the fit
described in the text

f (m) = (1− e−q(m−Medge))(p0 + p1m), whereMedge is the
sum of theΛ and K− masses. The parametersq, p0 andp1
are allowed to vary freely in the fit. The fit yielded 97±
16 Ω− with a signal to background ratio of about 1:1. The
total inclusiveΩ− production rate is found to be

< Ω− +Ω
+
> = 0.0015± 0.0003 (stat.) ± 0.0004 (syst.) .

A particle/antiparticle composition of 51± 10 Ω− and 46
± 9 Ω

+
is found, which is compatible with symmetric pro-

duction.

3.2Ω− with identified K−

As a complement to the analysis described above, a search
for the Ω− is performed utilizing the Ring Imaging
CHerenkov (RICH) detectors to identify the charged kaon
coming from theΩ− decay.

3.2.1 Selection ofΩ− candidates.For this analysis only the
1994 data is used, since in 1994 the RICH detectors were
fully operational for the first time. The RICH tags used were
based on likelihood probabilities for the given mass hypothe-
ses [11].

The event selection is slightly relaxed compared to the
previous analysis, giving a sample of 1.3 million events.
The analysis followed the outline of the previous analysis,
combining charged kaon candidate tracks withΛ candidates,
except that no fit is made. TheΛ candidates are found using
the procedure described in Sect. 3.1.1, and are then com-
bined with any remaining charged particles, according to
the following criteria:

Fig. 6. InvariantΛK− mass spectrum with the K− identified with the RICH
detector. The line shows the result of the fit described in the text

– TheΛ vertex must be more than 3 cm from the interac-
tion point, measured in thexy-plane.

– The charged particle and theΛ should intersect in the
xy-plane.

– The distance in thez direction between theΛ and kaon
trajectories, evaluated at the crossing point in thexy-
plane, had to be less than 7.5 mm.

– The crossing point should be between 1 and 20 cm from
the main vertex, measured in thexy-plane.

– The momentum of theΛ should exceed 1 GeV/c.
– The invariant mass of theΛ candidate must be within

7.5 MeV/c2 of the nominalΛ mass.
– The momentum of the charged particle should exceed

700 MeV/c, below which the RICH detectors are not
sensitive.

– The transverse momentum in the candidateΩ decay is
required to be below 350 MeV/c.

– To reduce the background further, the track of theΛ
decay having the larger momentum (i.e. the proton track)
is required not to be identified as a pion by the RICH.

In addition, the three track quality cuts on the position
of the first measured point of the charged tracks, mentioned
in Sect. 3.1.3, are also applied.

3.2.2 Production ofΩ−. After all the preceeding cuts the
charged particle was then required to be identified as a kaon
by the RICH. The resultantΛK invariant mass distribution is
shown in Fig. 6. Fitting the signal, as described in Sect. 3.1.6,
yields 22± 7 Ω−, leaving all parameters free in the fit. The
width of the signal is 2.8± 0.5 MeV/c2, fully compatible
with the result obtained from simulation, 3.1± 0.1 MeV/c2.
The efficiency, calculated from analyzing simulated events,
is found to be (1.45± 0.07)%, giving a production yield of
0.00118± 0.00036, statistical error only.
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Table 2. Contributions to the systematic error of theΩ− production rate
measured in the RICH analysis

Contribution from:
Background shape < ± 1%
Bin width ± 4%
Ω− radial flight cut ± 13%
Λ mass cut ± 15%
RICH tagging ± 10%
RICH efficiency ± 6%
jetset extrapolation I ± 9%
jetset extrapolation II ± 9%
Branching ratioΩ− → ΛK− < ± 1%
Branching ratioΛ→ pπ− < ± 1%
Monte Carlo statistics ± 3%
Total ± 26%

The systematic uncertainty due to theΛ mass cut is es-
timated, by varying the cut, to be 15% . The systematic un-
certainty in the RICH tagging efficiency has been estimated
by using “tight” or “loose” RICH cuts instead of the “stan-
dard” ones, and this gives a systematic effect of up to 10%.
A 6% error has been added to account for the uncertainty
in the overall RICH efficiency. The other systematic errors
have been estimated as in Sect. 3.1.5. A summary of the
contributions to the systematic errors in the RICH analysis
can be found in Table 2.

Thus, the totalΩ− production rate found in this analysis
is:

< Ω− +Ω
+
> = 0.0012± 0.0004 (stat.) ± 0.0003 (syst.) .

3.3 Combination of theΩ− measurements

The results of the constrained fit analysis and the RICH anal-
ysis are weighted in order to achieve theΩ− production rate.
This weighting recognizes that there are 10 candidateΩ−
decays in common for the two analyses. When evaluating
the systematic error of the combined analysis three contribu-
tions are added in quadrature: the specific systematics from
the two analyses, and the systematics from the cuts shared
by the two analyses. These three contributions were equally
important. The combined result for theΩ− production inqq̄
events at

√
s = 91 GeV/c2 is thus found to be

< Ω− +Ω
+
> = 0.0014± 0.0002 (stat.) ± 0.0004 (syst.) .

4 TheΣ0 hyperon

TheΣ0 hyperon is identified through the electromagnetic de-
cayΣ0 → Λγ (branching ratio∼ 100%). TheΛ is identified
through its decayΛ→pπ− (branching ratio∼ 64%), while
theγ is found only if it converts in the detector,γ → e+e−.

4.1Λ selection

Λ candidates are identified using the standard DELPHIV 0

search algorithm as described in Sect. 3.1. In addition, par-
ticle identification is imposed on the proton candidate in the
Λ decay in order to improve the purity of theΛ sample. The
criteria for accepting a pair of oppositely charged particles
as those coming from aΛ→pπ decay are that

Fig. 7. a)The invariant pπ mass in theΛ region from simulation (histogram)
compared to data (points).b) The invariantγγ mass showing theπ0 peak
from simulation (histogram) compared to data (points)

– the χ2 probability of the secondary vertex fit exceeds
1%,

– the measured flight in thexy-plane of theΛ candidate
exceeds four times its error,

– the angle between the momentum vector of theV 0 and
the vector joining the primary and secondary vertices is
less than 0.1 rad,

– using TPC and/or RICH information, the charged par-
ticle with the highest measured momentum (the proton
candidate) is not consistent with the pion hypothesis.

The resultingΛ mass distribution is shown in Fig. 7a,
together with the corresponding distribution from simulation.
The invariant mass of theΛ candidate is required to be
within 6 MeV/c2 of the nominalΛ mass.

4.2 Converted photon reconstruction

The energy spectrum for the photons fromΣ0 → Λγ de-
cays peaks at about 150 MeV in the lab frame, which is not
a favorable region for reconstruction in the electromagnetic
calorimeter. Therefore, the photon selection in this analysis
is restricted to those photons which have converted to e+e−
pairs in material before the TPC. The standard DELPHI con-
verted photon reconstruction is used, and is detailed in this
section.

Reconstructed converted photon candidates are found by
an algorithm that constrains the line-of-flight of the unseen
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photons. Requiring that a photon candidate originates at the
interaction region, a search is performed on pairs of tracks
in the event to find the photon conversion point. Not all
tracks are considered, however. Each track individually must
contain a point, P, where the tangent to the helix (only the
Rφ components of the track are considered) points to the
beam spot. The photon conversion radius, or decay point,
is defined to be the distance from the interaction point to
the point P. Two oppositely charged particles are said to
be consistent with a photon conversion if their decay point
parameters satisfy the following criteria:

– the reconstructed mean conversion radius (in therφ
plane) is below 34 cm,

– at least one of the tracks has no associated point in front
of the reconstructed mean conversion radius,

– the difference inφ between the two conversion points
does not exceed 30 mrad,

– the difference between the polar anglesθ of the two
tracks is smaller than 15 mrad.

For thee+e− pairs fulfilling these criteria, aχ2 is calcu-
lated in order to find the best combinations in cases where
there are ambiguous associations. A constrained fit is then
applied to the electron-positron pair candidate which forces
a common conversion point with zero opening angle and
collinearity between the momentum sum and the line from
the beam spot to the conversion point. Finally, the energy
of the conversion electrons is corrected for radiation losses
by a small factor that depends on the amount of material
between the conversion point and the entrance to the TPC.
From simulation, the reconstruction precision of these con-
verted photons has been determined to be 1% in energy,
1.5 mrad in polar and azimuthal anglesθ andφ, and 5 mm
in conversion radius [12].

At very low energies the acceptance drops for asymmet-
ric conversions since the TPC can only reconstruct electrons
with a transverse momentum with respect to the beam above
50 MeV/c. The acceptance threshold for converted photons
where both thee+ and thee− tracks are reconstructed is
effectively about 200 MeV.

This conversion reconstruction has also been used for an
analysis of the inclusiveπ0 cross section [13]. Photon energy
andγγ invariant mass spectra using conversion pairs have
been checked to be in general agreement with the simulation
prediction. Figure 7b) shows the mass spectra in data and in
the simulated event sample. General agreement is exhibited
both in theπ0 peak and the background normalization.

4.3Σ0 selection

Those events, for which both aΛ and aγ are reconstructed,
have the possibility of containing aΣ0. The Σ0 is recon-
structed by adding the four-momenta of theΛ and theγ.
This is done for every possibleΛγ combination, yielding a
possibleΣ0 candidate. Three cuts are then imposed on the
Σ0, with the effect of increasing the ratio of signal to back-
ground. The criteria for selectingΣ0 candidates are that:

– theΣ0 energy is between 3 and 15 GeV,

Fig. 8. Λγ - Λ mass difference distribution.a) The data are shown by
points with error bars; the line corresponds to the fit with background shape
from simulation. The insert shows the background-subtracted histogram.
b) The simulation is shown by points with error bars; the solid line corre-
sponds to the fit. The dashed line shows the fit to background only. The
points with the small dots show the background-subtracted distributions

– the cosine of the photon helicity angle (the angle between
the photon direction in theΣ0 rest frame and the flight
direction of theΣ0 in the laboratory frame) is larger than
0,

– the angle of the measured momentum with respect to the
beam is between 40◦ and 140◦.

The overall efficiency, after cuts are applied, is calcu-
lated using simulation, and then an extrapolation is made to
include the entire energy spectrum. There exists some error
in extrapolating the measured production rate of theΣ0 be-
yond the selected energy range based upon the model used
to make that extrapolation. The model-dependence of theΣ0

energy distribution has been analyzed by comparing the pre-
dictions ofjetset 7.4 [14] andherwig 5.8 [1] (with jet-
set decay modelling), both with default parameters. Com-
paring these models, a difference is found in the predicted
fraction of Σ0’s produced within the selectedΣ0 energy
range of 3 to 15 GeV. Thejetset model predicts a softer
energy distribution but coincides withherwig at around
7.5 GeV. Therefore, what differences exist between the two
models tend to cancel both in the measured region, and in
the extrapolation.jetset with DELPHI tuning predicts that
53% of theΣ0’s are produced in the measured range, while
herwig predicts 52%. The error in extrapolating the mea-
surement to an inclusive production rate for theΣ0 is es-



380

Table 3. Previously published and present measurements ofΣ0 andΩ− production ine+e− annihilations. Statis-
tical and systematic errors have been added in quadrature

Experiment ARGUS MARK II OPAL DELPHI√
s [GeV/c2] ∼ 10 ∼ 30 ∼ 91 ∼ 91

< Σ0 +Σ
0
> 0.023± 0.008 - - 0.070± 0.014

< Ω− +Ω
+
> 0.00072± 0.00038 0.014± 0.007 0.0050± 0.0015 0.0014± 0.0005

ref [15] [16] [3] this paper

timated to be 5%. TheΣ0 detection efficiency within the
measured energy range is calculated from simulation to be
< εΣ0 > = 0.00157± 0.00011 (stat.) ± 0.00011 (syst.) .
The systematic error on this value is calculated from
quadratic addition of the uncertainties in photon efficiency
and theΛ efficiency (7% each).

4.4 Measurement of theΣ0 production rate

Figure 8a shows the distribution of the difference between
theΣ0 candidate mass and the reconstructedΛ mass in data.
Figure 8b shows the distribution from simulation, normal-
ized to the same number of hadronic events as the data. In
both figures, there is a clear signal due toΣ0 → Λγ decay.
A comparison of the two figures shows that the background
shape is well-described by simulation. A nine parameter fit
has been performed to the observed distributions, three pa-
rameters for the signal and six for the background. The signal
is given by a Gaussian and the background is parameterized
by f (m) = (amb + bmb

2 + cmb
3)e(dmb+emb

2+fmb
3), where

mb = m−m0 andm0 is fixed to 0.015 GeV/c2.
As a check on the resolution ofΣ0 reconstruction and

quality of the fit, the mean mass difference between the
Σ0 and theΛ given by the fit procedure may be compared
to the well-measured mass difference of 76.9 MeV/c2 [9].
Both simulation and data are shown to be in good agreement
with this value. The fit to the simulation sample gives a
peak position at 79.2± 0.7 MeV/c2, with a width of 4.1±
0.7 MeV/c2, and a measured yield of 183±25Σ0, statistical
error only.

The fit to data is accomplished in two steps. First, the
background shape from simulation is used, allowing only
the background normalization to vary along with the three
peak parameters. This method results in a peak position
at 78.0± 1.0 MeV/c2 with a width of 5.4± 1.1 MeV/c2,
and shows a yield of 178± 26 Σ0 (Fig. 8a). This number
will be used in the calculation of the production rate be-
low. The ratio of background normalizations gives a value
of 1.01±0.01. Next, all parameters are allowed to vary. The
signal region is left out of the fit initially to find the back-
ground shape independently. The resulting shape in data is
very close to that from simulation background, and gives an
estimate of the fit dependence on the fitted background shape
and normalization. In this manner, the data signal peak posi-
tion is found again to be 78.0±1.0 MeV/c2 with a width of
5.3±1.1 MeV/c2, and yields 173±25Σ0 . The ratio of back-
ground normalizations in this method shows a difference of
3% in the signal region. The small difference between the
highly-constrained fit in the first step, and the unconstrained
fit in the second step, gives us confidence in the ability of
the simulation to describe the data accurately.

The dependence of this measurement on the background
shape and peak parameters is estimated. Varying the peak
position and width within its measured errors causes a±10%
change in the signal and a variation of∼3% is observed
when the background is changed between the constrained
and unconstrained fits described above. These contributions
are included in the systematic error.

Finally, the production rate ofΣ0 in the measured energy
range is calculated. Using the efficiency calculated from sim-
ulation, the production ofΣ0 per hadronic event is measured
to be

< Σ0 +Σ
0
>= 0.037± 0.005 (stat.) ± 0.004 (syst.) .

Extrapolation to the entireΣ0 energy range yields the
measured inclusive production rate

< Σ0 +Σ
0
>= 0.070± 0.010 (stat.) ± 0.010 (syst.) .

5 Summary

The production rates of the strange baryonΣ0 and the triply
strange baryonΩ− in the hadronic decay modes of the Z0

have been measured. The inclusive production rates are de-
termined to be

< Ω− +Ω
+
>= 0.0014± 0.0002 (stat.) ± 0.0004 (syst.)

< Σ0 +Σ
0
>= 0.070± 0.010 (stat.) ± 0.010 (syst.) .

As a comparison, published measurements ofΣ0 and
Ω− production at LEP and at lower energies are summa-
rized in Table 3. In addition, ALEPH and OPAL have pre-
sented results on theΩ− production at the Glasgow (OPAL
[4]; < Ω >=0.0028±0.0009) and Brussels (ALEPH [5];
< Ω >=0.0010±0.0003) conferences.

The prediction of thejetset 7.3 event generator (with
parameters tuned to reproduce DELPHI data [7]) of theΩ−
production rate at LEP energies is 0.0009Ω− per hadronic
event. This rate is in fair agreement with the present mea-
surement. Theherwig 5.8 model (with parameters tuned
as in [7]) gives 0.0077Ω− per hadronic event which is in
clear disagreement with our measurement.

The measuredΣ0 production rate is in good agreement
with the jetset 7.4 model prediction of 0.073. It is also
compatible with 1/2 of the measuredΣ± rate (0.17± 0.06)
[10], as expected from isospin invariance. Theherwig 5.8
model predicts a lower production rate of 0.054 for theΣ0.
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