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Abstract Large samples of Λ, Σ(1385) and Ξ (1321) hyperons produced in the deep-inelastic muon scattering off
a 6 LiD target were collected with the COMPASS experimental setup at CERN. The relative yields of Σ(1385)+ ,
Σ(1385)− , Σ̄(1385)− , Σ̄(1385)+ , Ξ (1321)− , and
Ξ̄ (1321)+ hyperons decaying into Λ(Λ̄)π were measured.
The ratios of heavy-hyperon to Λ and heavy-antihyperon
to Λ̄ were found to be in the range 3.8 % to 5.6 % with a
relative uncertainty of about 10 %. They were used to tune
the parameters relevant for strange particle production of the
LEPTO Monte Carlo generator.
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1 Introduction
The study of hyperon production in deep inelastic scattering
(DIS) is important for a better understanding of the role of
strange quarks in the nucleon structure and in the hadronization process. The lightest hyperon, the Λ baryon, was studied in most detail. In addition to Λ from direct production,
a significant fraction of Λ particles originates from the decay of heavier hyperons such as Σ 0 , Σ ∗ , or Ξ . The notation for Σ(1385) and Ξ (1321) will be used without indicating mass values, and with the “*” symbol for Σ(1385)
in order to distinguish the J P = 3/2+ Σ hyperons from the
J P = 1/2+ ones. An indirect Λ production from hyperons
decays is also included in the measurements of the longitudinal spin transfer to the Λ hyperon in polarised DIS [1, 2].
Using a Monte Carlo simulation based on the Lund string
fragmentation model [3], the authors of Ref. [1] have estimated that only about 40 % of the produced Λ baryons
originate from direct string fragmentation.
The production of Σ 0 , Σ ∗+ , Σ ∗− and Ξ − hyperons with
neutrino beams was reported by the NOMAD Collaboration [4]. Information on the production of these heavy hyperons with muon or electron beams is still missing. To our
knowledge, the production of the antiparticles, Σ̄ ∗− , Σ̄ ∗+ ,
and Ξ̄ has never been studied in DIS. New data are hence
required in order to produce reliable numerical estimate of
heavy hyperon production rates in DIS.
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In this Paper, the production rates of Σ ∗+ , Σ ∗− , Ξ and
their antiparticles are presented and compared to those of Λ
and Λ̄ hyperons. The resulting values are used to constrain
the parameters of the JETSET package whith is embedded
in the LEPTO Monte Carlo generator.

2 The experimental setup
The data used in the present analysis were collected by the
COMPASS Collaboration at CERN during the years 2003–
2004. The experiment was performed at the CERN M2
muon beam line. The μ+ beam intensity was 2 × 108 per
spill of 4.8 s, with a cycle time of 16.8 s. The average beam
momentum was 160 GeV/c. The μ+ beam is naturally polarised by the weak decays of the parent hadrons.
The beam traverses two cylindrical cells of a polarised
6 LiD target, both of 60 cm length and 3 cm diameter. The
target material in the neighbouring cells is polarised longitudinally in opposite directions with respect to the beam.
However, the target polarisation values are not used in this
study. The data from both target cells and polarisations are
combined.
The COMPASS experimental setup was designed to detect both scattered muons and produced hadrons in wide momentum and angular ranges. It consists of two spectrometer stages, each comprising a large-aperture dipole magnet.
The aperture of the target magnet limits the acceptance to
±70 mrad at the upstream end of the target. Muons are identified in large area tracking detectors and scintillators downstream of concrete or iron muon filters. Hadrons are detected
in two hadron calorimeters installed upstream of the muon
filters.
Data recording is activated by inclusive and semiinclusive triggers indicating the presence of a scattered
muon and emitted hadrons, respectively. The trigger system
covers a wide range of Q2 from quasi-real photoproduction
to deep inelastic interactions. A more detailed description of
the COMPASS apparatus can be found in Ref. [5].

3 Λ and Λ̄ hyperon samples
The event selection requires a reconstructed interaction vertex that is defined by the incoming and the scattered muon
and located within the target. DIS events are selected by
cuts on the four-momentum squared of the virtual photon,
Q2 > 1 (GeV/c)2 , and on the fractional energy y of the virtual photon, 0.2 < y < 0.9. The latter cut removes events
with large radiative corrections at large y and with poorly
reconstructed kinematic variables at low y. The resulting
data sample consists of 3.12 × 108 events. The Λ and Λ̄
hyperons are identified by their decays into pπ − and p̄π + ,

Fig. 1 The pπ − (top) and p̄π + (bottom) invariant mass distributions.
The total numbers of Λ and Λ̄ determined within the fit interval (see
text) are N(Λ) = 112449±418 and N(Λ̄) = 66685±350. The vertical
lines mark the ±2σ intervals of the Λ(Λ̄) signals used for the Σ ∗ , Ξ
and their antiparticle search

respectively. In order to evaluate possible systematic effects,
decays of Ks0 into π − π + were also analysed. The Ks0 background was already disscused in details in Ref. [2]. Candidate events for Λ, Λ̄ and Ks0 were selected by requiring that
two hadron tracks form a secondary vertex located within a
105 cm long fiducial region starting 5 cm downstream of the
target. Outside this region, decay-hadron tracks cannot be
reconstructed with sufficient resolution. Vertices with identified muons or electrons were removed. Only hadrons with
momenta larger than 1 GeV/c were retained, guaranteeing
a good reconstruction efficiency. A further cut was imposed
on the transverse momentum pT of the decay products with
respect to the hyperon direction, pT > 23 MeV/c, in order
to reject e+ e− pairs from γ -conversion. Using the Feynman
variable xF , the Λ(Λ̄) candidates were selected in the current fragmentation region requiring xF > 0.05.
The invariant mass distributions for two-hadron events,
which are assumed to be either pπ − or p̄π + pairs, are
shown in Fig. 1. The distributions were fitted in the interval
1.095–1.140 GeV/c2 with a sum of a Gaussian function for
the signal and a third-order polynomial for the background.
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Fig. 2 Schematic picture of the Σ ∗+ strong decay (top) and of the Ξ −
weak decay (bottom)

The total numbers of Λ and Λ̄ hyperons, represents an improvement of an order of magnitude1 with respect to previous experiments [1, 6–9]. The invariant mass resolutions for
Λ and Λ̄ are 2.22 ± 0.01 MeV/c2 and 2.21 ± 0.01 MeV/c2 ,
respectively.
The Λ hyperons in the resulting event samples are either
directly produced or originate from the decay of heavier hyperons. The Σ ∗ and Ξ hyperons and their antiparticle partners decay with fractions of 87.5 % or 99.9 %, respectively,
into Λ(Λ̄)π ± . The production and the decay of the Σ ∗ hyperon is illustrated in Fig. 2 (top). Since the Σ ∗ decays via
strong interaction, the production and decay vertices are indistinguishable. The secondary vertex is the signature of the
Λ(Λ̄) weak decay. In contrast, the Ξ hyperon decays via
weak interaction (Fig. 2 (bottom)), such that the decay vertex is clearly separated from the production vertex.

4 Σ ∗ and Ξ hyperon samples
The search for Σ ∗ hyperons was performed using the samples obtained after a collinearity cut. This cut requires that
the angle θcol between the Λ momentum and the line connecting the primary and the secondary vertex is smaller than
0.01 rad. It ensures predominant selection of Λ baryons
pointing to the primary vertex and removes only 10 % of
their total yield. The pπ − (p̄π + ) pairs within a ±2σ mass
interval from the mean value of the Λ(Λ̄) peak were then
1 The

samples used in the Λ analysis [2] and in this Paper are different
due to different cuts.
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combined with a charged track from the primary vertex,
which is assumed to be a pion. All possible combinations
were taken into account. The resulting Λπ invariant mass
distributions are shown in Fig. 3. The peaks for Σ ∗+ , Σ̄ ∗− ,
Σ ∗− , and Σ̄ ∗+ production are clearly visible. In the two bottom panels, the small additional peaks of Ξ − and Ξ̄ + are
also visible, despite the fact that the Λ(Λ̄) from the decays
of these hyperons originate not from the primary vertex. The
1σ mass resolutions for Σ ∗ and Σ̄ ∗ agree within uncertainties: 9.3 ± 3.6 MeV/c2 for Σ ∗+ , 6.1 ± 2.7 MeV/c2 for Σ̄ ∗− ,
8.7 ± 3.5 MeV/c2 for Σ ∗− and 7.1 ± 2.1 MeV/c2 for Σ̄ ∗+ .
An alternative method was chosen to search for Ξ hyperons, for which the primary and the secondary decay vertices are clearly separated (Fig. 2 (bottom)). The Ξ hyperons
were identified using a two dimensional Closest Distance of
Approach (CDA) procedure. The CDA values were calculated between the Λ(Λ̄) line of flight and a charged particle
track not associated to the primary vertex. The Λ baryons
were taken from the samples shown in Fig. 1. A collinearity
cut was then imposed on the direction of the Ξ momentum
and the line connecting it to the primary vertex. The value of
the cut, θcol < 0.02 rad, is larger than the value used for Σ ∗
reconstruction, since the direction of the Ξ is reconstructed
less precisely than that for Λ. The invariant mass distributions are shown in Fig. 4. The resulting resolutions for Ξ
and Ξ̄ are the same: 2.8 ± 0.1 MeV/c2 .
In order to extract the yield ratios of heavy hyperons to Λ
baryons, the ratios of the corresponding acceptances had to
be evaluated. It should be noted that the acceptance corrections were evaluated only for the region Q2 > 1 (GeV/c)2 .
The calculation was done using a Monte Carlo simulation
based on the LEPTO 6.5.1 generator for DIS events with default parameters, and a full spectrometer description based
on GEANT 3.21. For each hyperon, the acceptance was calculated as the ratio of Nrec , the number of reconstructed
hyperons, and Ngen , the number of hyperons generated by
LEPTO. The same reconstruction and selection procedure
were used as for the real data.
The resulting values of the acceptance ratios for Σ ∗ to Λ
and for Ξ to Λ are 0.67 and 0.42, respectively. The difference between Σ ∗ and Ξ acceptance ratios is explained by
different decay patterns: the Σ ∗ hyperons decay practically
at the primary vertex, while for the Ξ hyperons there exists a
secondary one. The acceptance ratio also includes a correction for the branching ratio, Br(Σ ∗ → Λπ) = 0.88 ± 0.02
[10]. It should be noted that Figs. 1, 3, 4 are not acceptancecorrected.
The invariant mass distributions for Σ ∗+ and Σ̄ ∗− (Fig. 3
(top)) were fitted by a sum of a signal function, S(x), described by a convolution of a Breit-Wigner and a Gaussian,
and a background function B(x):
1 t−x 2

Γ
N e− 2 ( σ )
S(x) =
dt;
(1)
(2π)3/2
(t − M)2 + ( Γ2 )2
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Fig. 3 The Λπ invariant mass distributions. The solid lines represent the signal plus backgroud and the background only obtained
from the fit. The signals include peaks for the following candidates:
(a) Σ ∗+ → Λπ + ; (b) Σ̄ ∗− → Λ̄π − ; (c) Σ ∗− → Λπ − and Ξ − →

Λπ − ; (d) Σ̄ ∗+ → Λ̄π + and Ξ̄ + → Λ̄π + . The number of Σ ∗ resulting from the fits are: N(Σ ∗+ ) = 3631 ± 333, N(Σ ∗− ) = 2970 ± 490,
N(Σ̄ ∗− ) = 2173 ± 222 and N(Σ̄ ∗+ ) = 1889 ± 265

B(x) = a(x − Mth )b e−c(x−Mth ) .

tistical and systematic uncertainties. Three sources of systematic uncertainties were considered:

d

(2)

The two other invariant mass distributions, Λπ − and
Λ̄π + , include contributions coming from the Ξ decay
(Fig. 3 (bottom)). These contributions were taken into account by adding a second Gaussian function to the signal.
The values of hyperon mass M and width Γ were fixed to
the PDG values [10]. The value of Mth = 1254 MeV was
chosen to be the sum of Λ and π masses, and a, b, c and d
were free parameters.
The invariant mass distributions shown for Ξ − and Ξ̄ +
in Fig. 4 were fitted by a sum of a Gaussian function for the
signal and a function B(x) for the background, described by
an analogous parameterisation as the one used for Σ ∗ , given
in Eq. (2). It should be noted that a first study of Ξ production using COMPASS data was done for the pentaquark
Φ(1860) search [11].

5 Discussion of results
The ratios of the acceptance-corrected yields of Σ ∗ and Ξ to
that of Λ hyperons are given in Table 1 along with their sta-

(a) The uncertainty on the number of hyperon events was
estimated by varying the width of the window for the
selection of Λ and Λ̄ samples, from ±2 σ to ±2.5 σ and
to ±1.5 σ . This variation results in differences of 0.003,
0.002, 0.002, and 0.002 for the relative yields of Σ ∗+ ,
Σ̄ ∗− , Σ ∗− , and Σ̄ ∗+ , respectively. The corresponding
values for the relative yields of Ξ − and Ξ̄ + are equal to
0.001.
(b) The systematic uncertainties coming from the evaluation of the background were estimated using a mixed
event method. In this method, the shape of the background in the Λπ invariant-mass distribution was determined by combining lambdas and pions from different events. The energies of these pions were chosen to
be similar to the energy of the pion from the Λ decay.
The standard collinearity cut (θcol ) was also applied. The
uncertainties resulting from this procedure are 0.003,
0.004, 0.004, and 0.005 for the relative yields of Σ ∗+ ,
Σ̄ ∗− , Σ ∗− , and Σ̄ ∗+ , respectively. The uncertainties for
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Table 1 The heavy hyperon to Λ and antihyperon to Λ̄ yield ratios
in lepton DIS. The results are compared with those from NOMAD [4]
neutrino DIS data in the current fragmentation region.3 The average
neutrino energy of charged current interactions was 45.3 GeV

Fig. 4 Invariant mass distributions for Λπ − (top) and Λ̄π + (bottom) pairs. The solid lines represent the signal plus backgroud and
the background only obtained from the fit. The peaks correspond
to Ξ − → Λπ − (top) and Ξ̄ + → Λ̄π + (bottom) candidates. The
estimated numbers of Ξ hyperons are: N(Ξ − ) = 2320 ± 68 and
N(Ξ̄ + ) = 1147 ± 49

the relative yields of Ξ − and Ξ̄ + were found to be negligible.
(c) The systematic uncertainties on the acceptance arising
from tuning the Monte Carlo parameters were evaluated to be 0.003, 0.004, 0.005, and 0.003 for Σ ∗+ , Σ̄ ∗− ,
Σ ∗− , and Σ̄ ∗+ , respectively. For Ξ − and Ξ̄ + these uncertainties are 0.002.
The combined systematic uncertainties were calculated by
summing quadratically these three contributions.
The experimental ratios show that the number of heavier hyperons compared to that of Λ hyperons is small, in
the range 3.8 % to 5.6 %. The results also indicate that the
percentage of Λ originating from the decay of Σ ∗ and Ξ
hyperons is almost the same (within quoted uncertainties)
as the percentage of Λ̄ originating from the decay of the respective antiparticles.
The ratios of production yields of hyperons and antihyperons to those of Λ and Λ̄ are obtained for the first time
in charged lepton DIS reactions. Earlier, only hyperon to Λ
yields, but no yields for antiparticles, were measured in neutrino DIS by the NOMAD Collaboration [4]. The NOMAD

Ratios

This work

NOMAD

Σ ∗+ /Λ

0.055 ± 0.005(stat) ± 0.005(syst)

0.025 ± 0.019

Σ̄ ∗− /Λ̄

0.047 ± 0.006(stat) ± 0.006(syst)

–

Σ ∗− /Λ

0.056 ± 0.009(stat) ± 0.007(syst)

0.037 ± 0.015

Σ̄ ∗+ /Λ̄

0.039 ± 0.006(stat) ± 0.006(syst)

–

Ξ − /Λ

0.038 ± 0.003(stat) ± 0.002(syst)

0.007 ± 0.007

Ξ̄ + /Λ̄

0.043 ± 0.004(stat) ± 0.002(syst)

–

values are also shown in Table 1; the average neutrino energy of charged current interactions was 45.3 GeV. We note
that COMPASS has collected considerably larger (from 30
to 130 times) samples of hyperons than NOMAD in the current fragmentation region. It is interesting to compare the
charged lepton and the neutrino data despite the different
underlying interactions. COMPASS measures similar values for the Σ ∗+ /Λ and Σ ∗− /Λ ratios. Taking into account
experimental uncertainties, the same conclusion is valid for
NOMAD data but with NOMAD values being a factor of
two smaller than the COMPASS ones. Finally, within uncertainties, the Ξ − /Λ yield ratio measured by NOMAD is consistent with zero, while COMPASS gives comparable and
non-zero values for Ξ − /Λ and Ξ̄ + /Λ̄ ratios. The large experimental uncertainties in the NOMAD measurements prevent us from drawing conclusions about heavy hyperon production in charged lepton DIS as compared to neutrino DIS.
In a different approach, the same COMPASS yield ratios as discussed above were also evaluated after removing the DIS cuts Q2 > 1 (GeV/c)2 and 0.2 < y < 0.9.
Only the initial selection for Λ(Λ̄) candidates was applied:
(a) events with two oppositely charged hadron tracks form
the secondary vertex, (b) hadrons with momenta larger than
1 GeV/c, (c) pT > 23 MeV/c on the transverse momentum of the decay products with respect to the hyperon direction, (d) Λ(Λ̄) candidates in the current fragmentation
region xF > 0.05.
The resulting Λ(Λ̄) samples are about ten times larger
than those obtained when using DIS cuts. In total, N (Λ →
pπ − ) = 1208413 ± 1312 and N (Λ̄ → pπ + ) = 654387 ±
1067 events were reconstructed. The Σ ∗ hyperon signals
are also enhanced. The number of Σ ∗ resulting from the
fits are: N (Σ ∗+ ) = 44780 ± 1301, N (Σ ∗− ) = 22716 ± 872,
N (Σ̄ ∗− ) = 37728 ± 1361 and N (Σ̄ ∗+ ) = 19813 ± 1169.
3 The quoted numbers of NOMAD are not corrected for acceptance.
Nevertheless, as shown in Ref. [4], the acceptance uncorrected ratios
Σ ∗+ /Λ and Σ ∗− /Λ in the full xF region are practically the same as
the corrected ones. As a good approximation one may expect the same
behavior for the current fragmentation region.
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The numbers of Ξ hyperons are: N (Ξ − ) = 20458 ± 162
and N(Ξ̄ + ) = 11448 ± 128. The invariant mass distributions for Λ, Σ ∗+ , Σ ∗− , Ξ − and their antiparticles without
DIS cuts are given in the Appendix. In Table 2 the relative
heavy hyperons yield ratios obtained using DIS and nonDIS Λ(Λ̄) samples are given. One can see that within the
experimental uncertainties the yield ratios for both samples
are compartible.
The average Q2 for this sample drops to Q2  = 0.47
(GeV/c)2 , as compared to Q2  = 3.58 (GeV/c)2 when using the DIS cut. This observation indicates that the measured
yield ratios are not strongly depending on Q2 . A check of
the y dependence of the results was also made. The y interval was divided in 2 bins, larger and smaller than y = 0.5.
The ratios were calculated in these bins with and without
Q2 cut. In each y bin the ratios with and without Q2 cut are
compatible within statistical uncertainties. The ratios in the
large-y bin show a tendency to be on average ∼15 % higher
than those in the small-y bin.
The ratios of production yields between heavy hyperons
and Λ particles are important for the interpretation of the results on the longitudinal polarisation transfer in DIS. Indeed,
a Λ hyperon originating from the decay of a heavier hyperon
is polarised differently than the directly produced Λ particle.
The indirectly produced Λ mainly come from the decay of

Σ 0 , Σ ∗+ , and Ξ hyperons. In Ref. [1], the contribution of
the indirectly produced Λ was estimated by a Monte Carlo
simulation to be as large as 60 %. Our Monte Carlo simulation with LEPTO default parameters shows that this contribution is about 58 % for Λ and 54 % for Λ̄. With tuned
LEPTO parameters (discussed further below) the fractions
of the indirectly produced Λ and Λ̄ are reduced to 37 % and
32 %, respectively.
Only the contributions from charged heavy hyperons
were considered in the present analysis. The contribution
from radiative decay Σ 0 → Λ + γ can only be indirectly
Table 4 The default and COMPASS-tuned LEPTO/JETSET parameters
Parameters

Default

COMPASS

PARJ(1)

0.1

0.03

PARJ(2)

0.3

0.45

PARJ(3)

0.4

0.175

PARJ(4)

0.05

0.078

PARJ(5)

0.5

3.0

PARJ(7)

0.5

0.13

Table 2 Heavy hyperon to Λ and antihyperon to Λ̄ yield ratios without DIS cuts normalized to the same ratios with DIS cuts
Relative yield ratios without/with DIS cuts
Σ ∗+ /Λ

1.03 ± 0.08(stat)

Σ̄ ∗− /Λ̄

0.97 ± 0.11(stat)

Σ ∗− /Λ

1.03 ± 0.16(stat)

Σ̄ ∗+ /Λ̄

0.97 ± 0.13(stat)

Ξ − /Λ

1.06 ± 0.09(stat)

Ξ̄ + /Λ̄

1.06 ± 0.09(stat)

Table 3 The heavy hyperon to Λ yield ratios in DIS
Ratios

LEPTO (Default) COMPASS data LEPTO (COMPASS)

Λ/Λ̄

1.22 ± 0.01

1.71 ± 0.02

1.72 ± 0.01

K 0 /Λ

6.06 ± 0.01

6.21 ± 0.05

6.22 ± 0.01

Σ ∗+ /Λ

0.052 ± 0.001

0.082 ± 0.001

0.055 ± 0.005

Σ̄ ∗− /Λ̄ 0.074 ± 0.001

0.047 ± 0.006

0.038 ± 0.001

Σ ∗− /Λ

0.084 ± 0.001

0.056 ± 0.009

0.067 ± 0.001

Σ̄ ∗+ /Λ̄ 0.060 ± 0.001

0.039 ± 0.006

0.037 ± 0.001

Ξ − /Λ

0.051 ± 0.001

0.038 ± 0.003

0.029 ± 0.001

Ξ̄ + /Λ̄

0.056 ± 0.001

0.043 ± 0.004

0.040 ± 0.001

Σ 0 /Λ

0.200 ± 0.003

–

0.130 ± 0.002

Σ̄ 0 /Λ̄

0.200 ± 0.003

–

0.120 ± 0.002

Fig. 5 The pπ − (top) and p̄π + (bottom) invariant mass distributions
without DIS cuts. The total numbers of Λ and Λ̄ determined within the
fit interval are N(Λ) = 1208413 ± 1312 and N(Λ̄) = 654387 ± 1067
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estimated using the LEPTO simulation code, in which the
final-state hadronisation is described by the Lund string
fragmentation model. The production yield ratios calculated
with the LEPTO default parameters are given in the first
column of Table 3. Their comparison with the COMPASS
results given in the second column shows that this simulation overestimates the experimental ratios for heavy hyperons by about ∼1.5. The Λ to Λ̄ ratio exhibits an opposite

trend whereas the K 0 /Λ ratio is close to the experimental
value.
In order to reproduce better the measured ratios given
in Table 3, the LEPTO/ JETSET 7.4 parameters [12] related to the production yields of strange baryons were tuned
(see Table 4). These parameters characterize the properties
of the LEPTO generator not associated with kinematic distributions of hyperons: PARJ(1)—suppression of diquark-

Fig. 6 The Λπ invariant mass distributions without DIS cuts. The
solid lines represent the signal plus backgroud and the background
only obtained from the fit. The number of Σ ∗ resulting from the

fits are: (a) N(Σ ∗+ ) = 44780 ± 1301, (b) N(Σ ∗− ) = 22716 ± 872,
(c) N(Σ̄ ∗− ) = 37728 ± 1361 and (d) N(Σ̄ ∗+ ) = 19813 ± 1169

Fig. 7 Invariant mass distributions for Λπ − (left) and Λ̄π + (right) pairs without the DIS cuts. The solid lines represent the signal plus backgroud
and the background only obtained from the fit. The estimated numbers of Ξ hyperons are: N(Ξ − ) = 20458 ± 162 and N(Ξ̄ + ) = 11448 ± 128

Eur. Phys. J. C (2013) 73:2581

antidiquark pair production in the colour field; PARJ(2)—
suppression of s s̄-pair production compared to uū- or d d̄pair production; PARJ(3)—extra suppression of strange diquark production compared to the normal suppression of
strange quarks; PARJ(4)—suppression of spin-1 diquarks
compared to spin-0 ones; PARJ(5)—relative occurrence
of baryon-antibaryon production; PARJ(7)—strange meson
suppression factor. A study of the MC distributions of the
common SIDIS Q2 and W and the baryon variables z and
pT for Λ, Σ ∗ , Ξ and their antiparticles was performed. The
distributions of two MC data sets, with default and tuned parameters, were found to be consistent within errors. The Q2 ,
W , z and pT ratios of real data and Monte Carlo samples
with both tuned and default parameters are similar without
strong deviations from unity.
The simulated results obtained with the tuned parameters are shown in the third column of Table 3. The measured
ratios of the heavy hyperon to Λ yields are now well reproduced. In addition, the agreement between the data and
LEPTO for the Λ to Λ̄, and K to Λ ratios is now very
good. Finally, the new parameters also modify the unmeasured Σ 0 /Λ ratio.
For completeness, the acceptance corrections were recalculated using the newly tuned LEPTO parameters. The
new and old corrections agree within one standard deviation.
The difference was included in the systematic uncertainties,
mentioned at the beginning of this section.

6 Conclusions
The heavy hyperon to Λ and heavy antihyperon to Λ̄ yield
ratios were measured for the first time in charged lepton
deep-inelastic scattering. All yield ratios were found to be
in the range 3.8 % to 5.6 %. Within the relative uncertainties
of about 10 %, the yield ratios for hyperons and antihyperons are quite similar. No strong Q2 dependence of the ratios
was found within the statistical accuracy. The obtained results imply that some parameters of the LEPTO code, which
are associated with strange quark production and fragmentation in charged lepton DIS processes, should be substantially
modified. Using the tuned LEPTO parameters, the fractions
of indirectly produced Λ and Λ̄ hyperons were found to be
37 % and 32 %, respectively.
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Appendix: The sample without DIS cuts
The cuts on the four-momentum squared of the virtual photon, Q2 > 1 (GeV/c)2 , and on the fractional energy y of
the virtual photon, 0.2 < y < 0.9 were ommited here but
all other cuts were kept as in the DIS sample. The invariant
mass distributions for Λ, Σ ∗+ , Σ ∗− ,Ξ − and their antiparticles are shown in Figs. 5, 6, 7.
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