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Abstract
A measurement of the strange quark forward{backward asymmetry at the Z0
peak was performed using 718,000 multihadronic Z0 decays collected by the
DELPHI detector at LEP in 1992. The s quark was tagged by the presence
of high momentum charged kaons identi ed by the Ring Imaging Cherenkov
detector and by 0's decaying into p . The s quark purity obtained was
estimated for the two hadrons to be 43%. The average s quark asymmetry
was found to be 0:131  0:035 (stat:)  0:013 (syst:). The forward{backward
asymmetry was measured for unresolved d and s quarks, tagged by the detection of a high energy neutron or neutral kaon in the Hadron Calorimeter.
The combined d and s quark purity was 69% and their asymmetry was found
to be 0:112  0:031 (stat:)  0:054 (syst:).

(To be submitted to Physics Letters B)
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1 Introduction
The Standard Model of electroweak interactions predicts a forward{backward asymmetry in e+e collisions near the Z0 peak. The di erential e+ e cross{section into a
fermion pair f f can be expressed in the Born approximation as :
df = TOT (s)   3 (1 + cos2 ) + Af (s)  cos 
(1)
f
FB
d cos 
8
where fTOT is the total cross{section,  the production angle of the fermion f with respect
to the incident electron direction and s the total energy squared. The forward{backward
asymmetry is de ned as :
f
f
AfFB (s) = Ff Bf
(2)
F + B
where Ff and Bf are the fermion cross{sections in the forward and backward hemispheres ( below and above 90 ) respectively. As a function of , the forward{backward
asymmetry can be expressed by :
(3)
AfFB () = 38 AfFB 1 +coscos2  :
At the Z0 resonance, including only the Z0 exchange diagram, AfFB is given by :
!
!
3
2
v
2
v
e ae
f af
f
2
AFB (MZ ) = 4 v2 + a2  v2 + a2
(4)
e
e
f
f
where vf and af are the vector and axial vector couplings of the fermions :
vf = I3f 2  Qf  sin2 W ; af = I3f
(5)
and Qf and I3f denote the charge and weak isospin of the fermions and W is the weak
e ective mixing angle. The indices e and f refer to the initial electron and nal fermion.
Asymmetry measurements in the quark sector have been reported by LEP experiments at the Z0 peak for b and c quark pairs [1], yielding :
AbFB = 0:0915  0:0037
(6)
c
AFB = 0:0675  0:0091 :
This paper presents the rst measurement of the asymmetry of the s{quark at
0
the Z peak. Comparing this measurement with the b quark asymmetry measurement
given in equation (6) checks the universality of the coupling constants. The experimental
procedure used here is based on the identi cation of fast charged kaons and on the reconstruction of fast 0 baryons decaying into a p pair. The forward{backward asymmetries
of these hadrons are measured. Simulation is used to calculate AsFB from the measured
hadron asymmetries and to evaluate the systematic errors coming from the hadronization
model parameters. A complementary method for unresolved s and d quark asymmetry measurement based on neutral hadron (KL0 ; n) detection is also presented. Figure 1
presents the hadron momentum distribution predicted by the JETSET 7.3 Parton Shower
model [2] (JETSET PS in the following) separately for the ve avours. In each case,
the ss contribution is larger than that of the other avours, which justi es the choice of
these hadrons for the s quark asymmetry measurement.
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2 Detector description and event selection
A general description of the DELPHI detector can be found in reference [3]. Features
of the apparatus relevant for the analysis of multi-hadronic nal states (with emphasis on
the detection of charged particles) are outlined in reference [4]. The analysis presented
here relies on the information provided by the following detectors: the micro Vertex
Detector (VD), the Inner Detector (ID), the Time Projection Chamber (TPC), the Outer
Detector (OD), the Forward drift Chambers (FCA and FCB), the barrel Ring Imaging
CHerenkov detector (RICH), and the Hadron Calorimeter (HCAL).
The VD consists of 3 cylindrical layers of silicon, at radii 6.3 cm, 9.0 cm and 11.0 cm.
They measure R coordinates transverse to the beam over a length along the beam axis
of 24 cm. The polar angle coverage of the VD is from 29 to 151 .
The ID is a cylindrical drift chamber (inner radius 12 cm and outer radius 22 cm)
covering polar angles between 29 and 151.
The TPC, the principal tracking device of DELPHI, is a cylinder of 30 cm inner
radius, 122 cm outer radius and has a length of 2.7 m. Each end-cap is divided into 6
sector plates, each with 192 sense wires used for the particle identi cation. The energy
loss per unit length of a charged particle (dE=dx) is measured by the sense wires as
the 80% truncated mean of the amplitudes of the wire signals. A dE=dx measurement is
considered to be signi cant if at least 30 wires contribute to the energy loss measurement.
The OD consists of 5 layers of drift cells at radii between 192 cm and 208 cm,
covering polar angles between 43 and 137.
The Barrel RICH [5] covers the polar angle between 48 and 132 . It identi es
the charged particles by measuring the angle of emission of the Cherenkov light, and
thus the velocity. The mass of the charged particle is then extracted by using the velocity information combined with the momentum measurement. In order to cover a large
momentum range, the DELPHI Barrel RICH uses two di erent Cherenkov radiators,
one liquid (C6F14) allowing a =K separation from 0.8 GeV/c to 3 GeV/c (not used in
this analysis) and one gaseous (C5F12) separating kaons from pions from 2.5 GeV/c to
20 GeV/c.
The hadron calorimeter HCAL is a sampling gas detector incorporated in the magnet yoke, the barrel part covering polar angles between 42:6 and 137:4, and two end-caps
between 11:2 and 48:5 and between 131:5 and 168:8 . It consists of 21 iron plates of
5 cm thickness each. Between the iron plates wire chambers operating at limited streamer
mode are assembled. They record the ionization electrons produced by the charged particles created in nuclear collisions between hadrons and iron nuclei of the plates. From
the collected ionization charge the energy of the incident hadron can be extracted. The
HCAL angular granularity is  = 3:75 and  = 2:96p in the barrel and  = 2:62
in the end-caps. The relative energy resolution is 120%= E (E given in GeV).
The tracking in the forward (11 <  < 33) and backward (147 <  < 169 )
regions is ensured by two pairs of drift chambers (FCA and FCB) in the end{caps.
The average momentum resolution for the charged particles in hadronic nal states
is in the range p=p2 ' 0:001 to 0:01 (GeV/c) 1, depending on which detectors are
included in the track t.
For the hadronic event selection, charged particles were accepted if : their momentum was larger than 0.1 GeV/c; the measured track length in the TPC was greater than
25 cm; their polar angle was between 25 and 155 and the relative error on the measured
momentum was smaller than 100%.
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Hadronic events were selected by requiring the total energy of the charged particles
in each hemisphere to exceed 3 GeV (assuming all charged particles to be pions), the total
energy of the charged particles to exceed 15 GeV and that there be at least 5 charged
particles with momenta above 0.2 GeV/c.
A total of 718,000 events satis ed these cuts. Events due to beam-gas scattering
and to interactions have been estimated to be less than 0.1%. Background from  +
events has been estimated to be less than 0:2%.
In the analysis using charged kaons, only a subsample of 450,000 events was used
for which the information from the gas radiator of the Barrel RICH was available.
The biases in the analysis due to the detector and the selection criteria were studied
using the full detector simulation program DELSIM [6]. Events were generated using the
JETSET PS model with parameters tuned as in reference [7] and with sin2 W = 0:232.
The particles were followed through the detailed detector geometry and the simulated
data processed by the same analysis program as the real data.

3 Analysis
The measurement of the s quark asymmetry involved three di erent techniques.
1. The rst analysis requires the presence of high momentum charged kaons to tag
decays of the Z0 into a ss pair. The charge and the direction of the kaon indicates
the charge and the direction of the quark. The momentum range of kaons used
to study the s quark
was 10 GeV/c to 18 GeV/c (0:22 < xp < 0:39,
p asymmetry
p
where xp = 2p= s with s the centre-of-mass energy and p the particle momentum). The choice of the range retains sensitivity to the s quark asymmetry
whilst allowing particle identi cation to be performed with good eciency by
the gaseous RICH. Table 1 gives the charged kaon asymmetry and kaon fraction
coming from the ve quark avours in the JETSET PS model
for this momen
K
tum range. The expected charged kaon asymmetry is AFB = 0:041 with Z0! ss
decays giving 43% of the charged kaons.
2. The second analysis uses high momentum 0 and 0 baryonsy to tag decays
of the Z0 into a ss pair. The baryon number of the 0 is related to its origin
from an s quark. For this study 0's decaying into p in the momentum range
11:41 < p0 < 22:82 GeV/c (0:25 < xp < 0:50) are considered. For higher xp
the detector does not provide high enough 0 acceptance. Table 1 gives the 0
asymmetry and fraction coming from all avours predicted by the JETSET PS
model. The expected 0 asymmetry is 0.072 with a primary s quark giving
43% of all 0's.
3. The third technique uses high energy KL0 or neutrons (with an energy larger than
15 GeV) detected by the hadron calorimeter as a signature of a Z0 decay into ss
or dd pair. The sign of the primary quark is given by the statistical correlation
between the charges of the initial quark and the resulting jet. Since in this
method the s and d avour contributions are not resolved due to the neutron
presence, the measured asymmetry is the weighted mean of s and d asymmetries.
In order to provide pure s quark asymmetry measurement, a correction for
neutrons is needed. Due to the absence of experimental data about neutron

y In the following when 0 is mentioned, it also includes 0 unless explicitly stated.
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production at LEP energies, this correction was not applied. Table 1 shows the
expected neutron and KL0 asymmetries and their relative abundance as they are
produced by the di erent quark avours in the Z 0 decays. The expected hadron
asymmetry is 0.018 while the fraction of KL0 and neutrons coming from primary
s and d quarks is 69%.

3.1 High momentum charged kaons

The particle identi cation capability of DELPHI with the Ring Imaging Cherenkov
(RICH) detector is used to tag fast charged kaons.
A sample of 450,000 hadronic Z0 decays has RICH information from the gas radiator
for high momentum particles (p > 2:5 GeV/c). Figure 2 shows the mean Cherenkov angle
c versus the momentum p of charged particles with p higher than 9 GeV/c (the kaon
threshold for Cherenkov radiation emission is at 8 GeV/c). Kaon rings are very well
separated from saturated Cherenkov rings (e; ; ) up to 18 GeV/c in the whole Barrel
Rich acceptance. This upper limit varies with the particle direction () according to the
Cherenkov angle resolution (better resolution when cos  increases).
The corresponding mass squared (m2) distribution to gure 2 can be calculated
using the relation :
m2 = p2(n2 cos2 c 1)
(7)
where n is the refractive index of the C5F12 gas radiator (1.001893). Figure 3 shows
the calculated m2 distribution for all particles with momentum between 10 GeV/c and
18 GeV/c. A clear peak is observed around the kaon mass squared corresponding, as
described below, to 19730  200 K . Only charged particles with associated hits in the
Outer Detector (after the Barrel RICH with respect to the interaction point) were used
in order to reject particles lost before the Barrel RICH or badly reconstructed.
To avoid problems with the evaluation of the purity and contamination in particle
identi cation, the following statistical method has been used to estimate the number
of charged kaons. For each particle and for a given momentum the m2 distribution is
Gaussian. The width of this Gaussian distribution depends on the particle momentum p
and has a term proportional to (m2 + p2) due to the chromatic error on the Cherenkov
angle [8]. After convolution with the particle momentum distribution (supposed to have
an exponential form) and integration over the selected momentum range, the resulting distribution is in rst approximation a Breit{Wigner like distribution. A t to the
m2 distribution with the sum of two Breit{Wigner distributions, one for the saturated
Cherenkov rings (e; ; ) and one for kaons, gives the number of charged kaons.
The number of particles under the kaon peak versus the momentum is obtained
by considering the mass squared distribution for 8 momentum ranges (with a width of
1 GeV/c) each tted with the sum of two Breit{Wigner distributions. The extracted
distribution has been tted by an exponential distribution and is shown on gure 4.
Since the two parts of the Barrel RICH, side A (92 <  < 132 ) and side C

(48 <  < 88), were not operated under exactly the same conditions (the main di erence
coming from \tripping" chambers), the asymmetry is measured separately for sides A and
C in order to avoid the introduction of extra corrections :

NKA+ (cos ) NKA (cos ) ;
AKFB ;A(cos ) = N
(8)
A
A
K + (cos ) + NK (cos )
C
C

K (cos ) NK + (cos ) :
AKFB ;C (cos ) = N
NKC (cos ) + NKC+ (cos )
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Finally, the weighted mean value of the two asymmetries (sides A and C) for each selected
 range is taken. Eciency evaluation is not necessary because all eciency factors
(coming from geometry, detector malfunctioning, particle identi cation) cancel in the
ratios. A systematic error induced by the separation of the two parts A and C comes from
the detector material in front of the RICH gas radiator which leads to a higher probability
of hadronic interactions for K than for K +. Using the full DELPHI simulation [6] a
correction on the number of K as a function of  (varying from 2% to 6%) was determined
and applied to the data. When the weighted mean value of the asymmetries of the two
sides is taken the e ect of this correction cancels to rst order.
The m2 distribution is considered for 6 separate  ranges de ned according to the
angular coverage of the Barrel RICH mirrors (one point per mirror). The asymmetry
obtained as a function of cos  is shown on gure 5, where  is given by the kaon direction
(the systematic error coming from the di erence between the kaon and primary quark
directions is discussed in section 4). A t of equation (3) to the distribution of gure 5
yields a value of the forward{backward asymmetry for charged kaons of :
AKFB = 0:048  0:011 (stat:)  0:002 (syst:)
with a 2=NDF = 4:4=5.
The systematic error contributions to the charged kaon asymmetry are summarized
in table 2. The main contribution comes from the signal parametrization. It has been
extracted by varying the number of extra terms of higher order to the Breit{Wigner
formula (which is a rst order approximation). The limits of the momentum range in
which the asymmetry measurement has been performed have been varied by 1 GeV/c.
The contribution coming from the di erence of hadronic interactions between K + and
K is weak due to the cancelation mentioned above. A cross{check has been done by
tting the asymmetry distributions
of each side separately after material correction. The
 ;A
K
obtained values are : AFB = 0:044  0:017 and AKFB ;C = 0:051  0:014 which are
compatible within the statistical errors.

3.2 High momentum 0

The 0 baryons are detected by their decay into p. Secondary vertices of the 0
decay are well separated from the primary vertex of the Z0 decay due to the long 0
lifetime and Lorentz boost.
Candidate secondary decays, V 0's, are found by considering all oppositely{charged
particle pairs in the event. The 0 decay vertex candidates were required to satisfy the
following criteria:
 the radial separation of the primary and secondary vertex in the R plane must be
greater than 10 times its error;
 in the R plane, the angle between the vector sum of the charged particle momenta
and the line joining the primary to the secondary vertex must be less than (10 +
20=pt (V 0)) mrad, where pt (V 0) is the transverse momentum of the V 0 relative to
the beam axis (in GeV/c);
 when the radius at the reconstructed decay point of the V 0 is larger than the radius
of the outer VD layer, the two particles must not have any associated hit in the VD;
 the 2 probability of the tted secondary vertex must be larger than 0.001 to reject
fake vertices;
 when the RICH information is available, the candidate proton (i.e. the most energetic particle) must not be compatible with the pion hypothesis;
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 when the dE=dx information is available, the di erence, normalized to the error,

between the measured and the expected values for the candidate proton, must be
between -3 and 2 in order to exclude pions;
 the decay particles must have a transverse momentum larger than 20 MeV/c with
respect to the V 0 momentum to reject photon conversions to e+e pairs.
The p invariant mass spectrum of the V 0 candidates with momentum fraction xp in
the range between 0.25 and 0.5 is shown on gure 6. A clear 0 signal is seen. The average
reconstruction eciency for the detection of a decay  ! p in this momentum region is
estimated from the full DELPHI simulation to be about 7%. The residual KS0 (decaying
into + ) contamination in the data sample is also studied using the simulation. The
e ective invariant mass distribution for KS0 's decays where one pion has been assigned
the proton mass is shown shaded in gure 6. Due mainly to the particle identi cation,
the KS0 contamination is unimportant.
The p invariant mass distribution is tted using a Breit{Wigner function for the
signal, the background being described by the formula :
B (m) = a  [1 exp (mb t) ]
(9)
where a, b and t are free parameters. The t gives the following results: m0 =
1116:90:4 (stat:)0:7 (syst:) MeV=c2 (consistent with the world average of 1115:630:05
MeV/c2 [9]), an average width of about 6.3 MeV/c2 (for the entire selected momentum
range) and a total of 1540  88 (stat:)  40 (syst:) 0's were found with a 2=NDF =
38=30. The systematic error includes contributions due to the signal and parametrization
and changing the mass range used in the t. The 0 momentum distribution was extracted by tting the invariant mass distribution of V 0 candidates in several momentum
ranges. The resulting experimental 0 distribution is given in gure 7. This distribution
has been tted by an exponential distribution.
In order to compute the asymmetry of the 0 baryons, the following procedure is
used. The p invariant mass plot in gure 6 is divided into bins of 5 MeV/c2, and for
each bin i the quantity :

Di = NiV 0 (cos  > 0) + NiV 0 (cos  < 0) NiV 0 (cos  < 0) NiV 0 (cos  > 0)
(10)
is computed, where  is the angle of the V 0 line-of- ight relative to the incident electron
direction. This way, in the absence of biases, the background of fake 0's under the peak
is directly subtracted. In each bin of the V 0 mass plot the total number Si of 0 + 0 is
obtained by subtracting the tted contribution of the background :
!
(
m
 ;TOT
i t)
V;TOT
V
Si = (Ni
+ Ni
) a 1 exp
:
(11)
b
The \signal region" is de ned to be the 9 intervals between 1:095 and 1:140 GeV/c2
in the V 0 mass spectrum where a di erence D = 100  53(stat:) is measured with a total
of S = 1257  66(stat:) 00 candidates.
The absence of biases has been tested by verifying that:
 the number of 0's is consistent with the number of 0's (660  49 and 596  50
respectively);
 the number of 0 + 0 in the positive hemisphere is consistent with the number of
0 + 0 in the negative hemisphere (647  49 and 625  49 respectively);
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 no evidence for biases inducing asymmetry signals o the 0 mass peak is found;
 by changing the signal parametrization in the t, no signi cant e ect is found on S .
In order to account for acceptance e ects and angular dependence of the reconstruction eciency and taking the 0 (0) direction as an estimator of the direction of
the primary quark, the quantity :
P
(cos )
R(cos ) = Pi DS i(cos
(12)
)
i i
is computed in ve intervals of jcos j from 0 to 0.9, where  is the 0 polar angle and Pi
the sum over the mass intervals of the \signal region" de ned above. The distribution is
shown in gure 8. A t of equation (3) to the distribution gives :

AFB0 = 0:085  0:035 (stat:)  0:018 (syst:)
with 2=NDF = 1:2=4.
The error sources contributing to the experimental systematics are listed in table 2.
All the contributions to the systematic error are evaluated from the data sample itself.
The main contributions come from the de nition of the signal region and the 0 selection
cuts. The lower xp limit has been varied by 0:01 while the higher limit has been varied
asymmetrically by (-0.05, +0.10) to vary equally the number of 0's.

3.3 High energy KL0 and neutrons

KL0 and neutrons are the only neutral hadrons which can create a hadron shower in
the hadron calorimeter. By selecting events with a high energy HCAL shower not associated with any charged particle it is possible to enrich the sample of ss and dd-events. The
production of neutrons from initial uu states is suppressed due to the isospin suppression
of dd diquarks. Due to the energy resolution of the hadron calorimeter, a considerable
signal from non-leading neutral particles is also selected. Among these particles, KL0 and
neutrons from heavy meson decays are selected, giving a contamination from bb and cc
events, while those created in the fragmentation process give a contamination from all
quark avours.
Hadronic events with candidate high momentum neutral hadrons are selected by
requiring:
 the deposited energy of the neutral HCAL shower to be larger than 15 GeV;
 the polar angle of the HCAL shower to be between 32 and 148 in order to have
well tted charged tracks in the selected region (at least 40 cm inside the TPC);
 the polar angle of the thrust axis (calculated using only charged particles) to be
between 30 and 150 , in order to ensure that the event axis is well contained in the
detector;
 the angle between the thrust axis and HCAL shower to be less than 20 ;
 the charged energy Ech in each of the hemispheres de ned by the plane perpendicular
to the thrust axis to be less than 60 GeV (events with Ech greater than 60 GeV
include charged particles with unphysical momenta);
 the shower to extend to more than one read-out unit (25 cm iron equivalent) of the
hadron calorimeter. This selection is applied in order to remove showers where the
length of the shower is too small compared to the expected shower length of a high
energy particle.
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Finally, if there is more than one neutral HCAL shower in the event, only the most
energetic one is considered. Thus, 9565 neutral hadronic shower candidates are retained
from the 1992 data. A large fraction (more than 50%) of HCAL showers caused by neutral
particles are not found because they are mixed with overlapping showers associated to
charged particles. On the other hand, the probability that a charged particle deposing
more than 15 GeV in HCAL and satisfying all the previous selection criteria fakes a
\neutral" shower is 2.5%. In this way 9% of the selected HCAL showers come from
charged particles. For the s and d quark asymmetry evaluation this e ect is taken
into account using the full DELPHI simulation.
To tag the primary quark charge, the statistical correlation between the quark
charge and the charge ow is used. This technique suggested in [10] has been used at
lower energies [11] and recently at LEP experiments [12]. The sign of the charge ow
Qflow can be used to estimate which hemisphere contains the primary quark. The charge
ow is de ned as Qflow = Q1 Q2, where :
P

Q1 = Pi qjipjpiLjj
(13)
i iL
is the momentum-weighted charge in the hemisphere de ned by the direction of the
neutral HCAL shower and Q2 is the same variable for the opposite hemisphere. The sum
runs over all selected charged particles in each hemisphere, qi is the measured particle
charge and piL is the momentum component along the vector joining the primary vertex to
the HCAL shower. If Qflow is positive (negative), this statistically implies that the neutral
HCAL shower is created by a neutral hadron containing the initial positively (negatively)
charged quark. According to the simulation, choosing a value of the exponent  = 0:4
in equation (13) gives the particle optimal weight in the sum, in order to maximize the
correlation between Qflow and the original quark charge.
Figure 9(a) presents the raw di erential cross{section of all selected neutral hadrons
as a function of cos . Due to the polar angle dependence of the thickness of the penetrated
material in front of the hadron calorimeter (1.40 nuclear interaction lengths in the barrel
region) and due to the non{uniform detection eciency of neutral particles, the angular
distribution of the neutral hadrons di ers from the ideal 1 + cos2  dependence. For this
reason a relative weight has been given to each cos  bin to restore the 1+cos2  shape. The
correction previously determined has been separately applied to the distribution of neutral
hadrons coming from positively and negatively tagged charged primary quarks (according
to Qflow value). Figure 9(b) presents the sum of the positively and negatively charged
primary quark neutral hadrons as a function of sign(Qflow)  cos , with sign(Qflow)
being the sign of Qflow. In order to cross{check the correction corresponding to the
detector material, the function C (1 + cos2 )e( d0= sin ) has been tted on the raw neutral
hadron distribution (omitting the two central bins). The exponential term describes
the material e ect which is the dominant one compared to the detector eciency, while
1 + cos2  describes the ideal distribution. The tted curve is also shown on gure 9(a).
The d0 parameter has been found to be 1:36  0:05 in agreement with the expected value
of 1.40 nuclear interaction lengths. C is a normalization constant left also free in the t.
By tting the equation (1) to the cos  distribution shown in gure 9(b), the
forward{backward asymmetry of the neutral kaons and neutrons is determined to be :
0

KL;n)
A(FB
= 0:021  0:007 (stat:)  0:012 (syst:)
with a 2=NDF = 22=26.
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The contributions to the systematic error are listed in table 2. The main contribution comes from the choice of the kinematical variable pL. The quoted value has been
extracted by replacing pL by the momentum p. The lower energy limit has been varied
from 15 to 25 GeV.

4 Calculation of the s quark asymmetry from the
measured asymmetries
Two methods, both relying on the JETSET PS model to describe the hadronization process, have been used in the calculation of the s{quark asymmetry from the measured hadron asymmetries. The expected asymmetries for the d and u like avours (for
sin2 W = 0:232) are 0.100 and 0.071, respectively.
In the rst method a global correction function C h(xp), calculated from the JETSET
simulation program, is applied to the measured asymmetry of each hadron h. This global
correction takes into account the dilution of the primary s{quark asymmetry due to
some selected hadrons coming from the fragmentation process or from decays of heavier
particles generated in the cascade of Z0 decays into non ss nal states. The correction
function C h(xp) is de ned by :
s
(14)
C h(xp) = AhAFB
FB (xp )
where AhFB (xp) is the hadron asymmetry for hadrons of momentum fraction xp calculated
using JETSET PS model. The default input value of AsFB and the DELPHI tuning [7]
on JETSET PS parameters have been used. C h(xp) has been parametrized as follows :

C h(xp) = 1 + ah0 e ah1 xp
(15)
where ah0 and ah1 are constants speci c to each type of hadron.
The mean value in the selected momentum range of each hadron has to be calculated. The distribution f h (xp) = bh0  e bh1 xp describes well the reconstructed hadron
momentum distribution ( gures 4 and 7). The overall asymmetry correction factor h is
de ned to be :
R xmax
p f h (x )C h(x )dx
p
p p
p
h = xmin
(16)
R xmax
p f h (x )dx
p
p
xmin
p
min
max
where xp and xp are the limits of the hadron selected momentum interval. Finally,
the measured ss asymmetry is :
AsFB = h  AhFB :
(17)
Table 3 gives the values of the quantities ah0 ; ah1 and bh1 (bh1 is the raw measured
value) de ned above while gure 10 presents the variation of C h as a function of xp for
K  and 0. The global correction method has not been applied to the neutral hadron
sample due to the poor energy resolution of the hadron calorimeter.
In the second method, the measured asymmetry for each hadron type is assumed to
be a statistical average of all quark avour asymmetries weighted by a factor estimated
from simulation. This factor depends on the fractions of the selected hadrons produced in
each avour event and on the probability of tagging the primary quark charge correctly.
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In this way, the measured asymmetry can be expressed as :
X h h
f
AhFB (meas:) =
f (2f 1)AFB
f

(18)

where hf is the fraction of hadrons produced in events of avour f and hf is the probability
of tagging the primary quark charge in the same hemisphere correctly. The q{quark
asymmetry can be expressed by :
AhFB (meas:) Pf 6=q hf (2hf 1)AfFB
q
AFB =
(19)
h (2h 1)
q q
where q = s for the charged kaon and 0 measurements and q = s; d for neutral hadrons.
Table 4 gives the values of hf ; hf for the three hadron species used.
Results on AsFB are a ected by statistical and systematic errors. The statistical
error on AsFB is obtained by propagating the statistical error on AhFB (meas:) according
to the correction method. The measured values for the three hadron species are :
(
 0:027 (stat:)  0:015 (syst:) global method
AsFB (K ) = 00::118
128  0:037 (stat:)  0:013 (syst:) weighted method
(

0:134  0:055 (stat:)  0:037 (syst:) global method
0:164  0:109 (stat:)  0:057 (syst:) weighted method
0
As;d
FB (KL ; n) = 0:112  0:031 (stat:)  0:054 (syst:) weighted method:
For the weighted method the measured asymmetry values of equation (6) have been
used [1] with the following assumptions :
 the central values for AdFB and AuFB are equal to the measured values of AbFB and
AcFB , respectively;
 AdFB = AsFB for the neutral hadron measurement;
 the errors on AdFB and AuFB are 3 times larger than the corresponding measured
errors on AbFB and AcFB (used for systematic error evaluation).
Contributions due to the limited number of simulated events (20 million JETSET PS
events) are included in the systematic error. Di erent contributions must be taken into
account to evaluate the total systematic error on AsFB . Some of them are common to both
correction methods applied to the di erent data samples. All contributions are given in
tables 5 and 6 and listed below:
 experimental method (details are given in table 2);
 uncertainties on the parameters used in the correction methods (correction factor
for the global method and hf , hf for the weighted method);
 uncertainties on measured values AcFB and AbFB .
 parametrization of the fragmentation process and uncertainties on the decay branching fractions at the generator level.
An error coming from the fact that the hadron direction is used for the asymmetry
evaluation instead of the primary quark direction (which is unknown) is already included
in the correction factors of the two methods. No di erence is observed between the
asymmetry obtained using the hadron direction and the one obtained using the thrust
axis of the event. Using the simulation no signi cant di erence is expected between the

AsFB (0) =
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distributions of the angle between the primary quark direction and the thrust axis and
the angle between the primary quark direction and the hadron direction.
For the global correction method, the contribution of the parametrization function
for the dN=dxp distribution must be added. The systematic contributions to the error
on AsFB using this method for the fast charged kaon and the fast 0 samples are listed in
table 5.
The systematic contributions to the error on AsFB calculated with the weighted
method are listed in table 6. For charged kaons and 0's the parameters hf and hf have
been convoluted with the experimental dN=dxp distribution and include a systematic
uncertainty. For neutral hadrons, the DELSIM simulation program has been used to
extract these two parameters.
A detailed study of the uncertainties due to the hadronization model (JETSET PS)
parameters has been performed. Results were obtained by generating 20 million events for
each parameter value applying the momentum and angular acceptance selections. The list
of the parameters tested is presented in table 7 with their reference values. Table 7 gives
also the limits between which these parameters have been varied and the corresponding
variations of the asymmetry. These variations have been calculated using the weighted
method. They are not included in the errors of the weighted method parameters hf
and hf quoted in table 4 which include only the errors coming from the limited statistics
of simulated events and the dN=dxp parametrization. Also listed in table 7 are the
contributions to the systematic error on AsFB obtained from the fast 0 sample due to
the uncertainties on the branching ratios of inclusive decays of c and B mesons into
0. Some other parameters ( cc= had , bb = had , B ! 0 + X branching ratio : : : ) have
also been varied but their contribution has been found to be negligible compared to the
reported contributions.
The dominant error coming from fragmentation for charged kaons comes from the
variation of s= u (suppression of s quark pair production) [13] while for 0's the dominant error comes from \popcorn" mechanism parameter [14]. For neutral hadrons the
main contributions come from the Peterson parameter c [7] and from the cut{o value
Q0 of parton shower evolution.
Finally, the main systematic error for charged kaons comes from the uncertainty
on the correction factor for the global method and from the hadronization description
in simulation for the weighted method. For 0's and neutral hadrons the main contribution for both methods comes from the experimental method. The total systematic
contributions are summarized in the next section where the nal results and errors for
the quantity AsFB are quoted.

5 Results

Combining the two measurements of AsFB (using K  and 0's) for each method
separately, the s quark forward{backward asymmetry is obtained :
AsFB (global) = 0:121  0:024 (stat:)  0:014 (syst:)
AsFB (weighted) = 0:131  0:035 (stat:)  0:013 (syst:) :
The two results are consistent within the errors but they have di erent physical
signi cance. In the global correction method all relations between quark asymmetries
and electroweak parameters are xed by the Standard Model predictions. The correction
factor h of the global method depends only slightly on the e ective leptonic sin2 Weff

12

(variation of h less than 1% for a 3 variation of sin2 Weff around the LEP average [1])
and the asymmetry measured using this method can be used to calculate sin2 Weff (with
large errors compared to the b quark asymmetry measurement). In order to extract
from the measured asymmetry the sin2 Weff using equations (4) and (5), the corrections
suggested in [1] have been applied taking into account the di erence between the b quark
and s quark case mainly for QCD corrections. The following value is obtained :
sin2 Weff = 0:2273  0:0043 (stat:)  0:0025 (syst:):
No signi cant di erence is observed between this value and the LEP average [1] extracted
using b quark events (0:2327  0:0007).
The weighted method, making only the assumption that the u and d asymmetries
are the same as the measured c and b quark asymmetries, respectively, is less Standard
Model dependent and can be considered as a universality check of the coupling constant.
No signi cant di erence is observed between the weighted method asymmetry and the
b quark asymmetry quoted in Ref. [1] (see equation 6).

6 Conclusion

The forward{backward asymmetries of fast K  , 0's and KL0 +n have been measured
at the Z0 peak. From these measurements two di erent methods have been used to extract
the s quark asymmetry. Systematic errors on this measurement have been determined
using JETSET 7.3 PS model. The result from the two methods are :
AsFB (global) = 0:121  0:024 (stat:)  0:014 (syst:)
AsFB (weighted) = 0:131  0:035 (stat:)  0:013 (syst:) :
in agreement with each other.
These result can be compared with the b quark asymmetry AbFB = 0:0915  0:0037
(from LEP experiments) to test the universality of the coupling constants. No signi cant
di erence is observed between the two measurements.
From the neutral hadron method the following value for the unresolved d and s
asymmetry is obtained :
As;d
FB = 0:112  0:031 (stat:)  0:054 (syst:)
which is compatible with the previous values.
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Table 1: Expected asymmetry and fraction for charged kaons (10 < pK < 18 GeV/c),
0's (11:41 < p0 < 22:82 GeV/c) and neutral hadrons (energy greater than 15 GeV) for
each quark avour from JETSET PS model.

K
asymmetry
d
-0.035
u
-0.032
s
+0.069
c
+0.047
b
+0.062
total +0.041

Flavour

fraction
11.5 %
10.3 %
43.0 %
22.1 %
13.1 %
100 %

0
asymmetry
+0.044
+0.037
+0.089
+0.064
+0.080
+0.072

fraction
13.7 %
10.5 %
42.6 %
17.7 %
15.5 %
100 %

(KL0 ; n)
asymmetry fraction
+0.032 24.0 %
-0.037 9.6 %
+0.034 44.8 %
-0.036 12.6 %
+0.032 9.0 %
+0.018 100 %

Table 2: Contributions to the systematic error on measured hadron asymmetry AhFB due
to the experimental method.
Systematic error
Di erent interaction with materials
Variation of the momentum or energy range
Signal parametrization
De nition of signal width region
Selection cuts
Choice of the kinematical variable in Qflow
Parameter  in Qflow (0.3{0.5)
Total systematic error

AKFB
0:0005
0:0005
0:0020
{
{
{
{
0:0021

AFB0
{
0:005
0:004
0:012
0:012
{
{
0:018

0

KL;n)
A(FB
{
0:006
{
{
{
0:010
0:004
0:012

Table 3: Correction factors for K  and 0 used in global method (bh1 is the slope of the
exponential distribution tted to the experimental momentum distribution).
factor K 
ah0 2:81  0:35
ah1 2:32  0:40
bh1 8:86  0:56
h 2:46  0:25

0

3:18  1:01
5:54  0:81
13:16  0:76
1:58  0:23
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Table 4: Fraction hf of hadrons produced and tagging probability hf of the quark direction
for each avour f according to the simulation. The quantities hf and hf have been
weighted according to the experimental momentum distributions.

f
d
u
s
c
b

h
f

K

0:1151  0:0008
0:1031  0:0008
0:4279  0:0014
0:2220  0:0008
0:1319  0:0011

hf

0:3229  0:0012
0:2775  0:0011
0:8430  0:0010
0:8300  0:0011
0:8082  0:0008

h
f

0

0:1446  0:0023
0:1112  0:0018
0:3901  0:0076
0:1803  0:0031
0:1739  0:0026

hf

0:719  0:015
0:732  0:022
0:913  0:013
0:910  0:022
0:903  0:017

h
f

(KL0 ; n)

0:240  0:006
0:096  0:004
0:448  0:008
0:126  0:005
0:090  0:004

hf

0:662  0:015
0:240  0:021
0:672  0:011
0:245  0:018
0:662  0:024

Table 5: Contributions to the systematic error on AsFB for the global correction method.
The error quoted for the correction factor includes limited amount of simulated events
and dN=dxp parametrization.
systematic error source (global correction method) AsFB (K )
Experimental method
0:005
Correction factor
0:012
Hadronization description in simulation
0:008
Total
0:015

AsFB (0)
0:030
0:020
0:006
0:037

Table 6: Contributions to the systematic error on AsFB for the weighted method. The
errors quoted for hf and hf include limited amount of simulated events and dN=dxp
parametrization for K  and 0.
systematic error source (weighted method) AsFB (K )
Experimental method
0:0072
h
0:0005
f
hf
0:0004
f
=
6
s
(
;d
)
Experimental values of AFB
0:0065
Hadronization description in simulation
0:0080
Total
0:0126

0
AsFB (0) Ad;s
FB (KL ; n)
0:056
0:052
0:003
0:002
0:006
0:007
0:007
+00::016
007
0:006
0:004
0:057
0:054
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Table 7: Systematic errors on AfFB (calculated using the values of table 4) resulting from
JETSET PS parameters. QCD ; c and b have been varied independently. For 11 and
13 the variations are related to the JETSET 7.3 PS values.
Reference Variation AsFB AsFB AsdFB
value
tested (K  ) (0) (KL0 ; n)

Num. Parameter

315 MeV

230
400

MeV 0:001 0:001

+0:003
+0:006

Cut-o value Q0 of parton
1 GeV
shower evolution
3 Width pT of Gaussian pT
395 MeV
distribution
4 Parameter a of Lund symmetric
0.20
fragmentation function
5 Parameter c of Peterson
0:054
fragmentation function
6 Parameter b of Peterson
0:006
fragmentation function
7 Suppression of s quark pair
0.30
production s = u
8 Probability to generate a prompt
0.70
spin 1 meson V=(V + PS )
9 Suppression of strange diquark
0.34
production ( us = ud )=( s = d )
10 \Popcorn" mechanism for 0
0.70
production
11 Br(c ! 0 + anything)
27%

0:6
1:4

GeV 0:002

+0:007
+0:005

365
425

MeV 0:001

+0:004
+0:005

1

QCD

2

0:14
0:26

0:001 0:001

0:001
+0:004

0:030
0:071

0:004 0:003

+0:009
0:003

0:003
0:010

0:001
+0:005

0:28
0:32

0:001 0:001
0:005 0:002

0:52
0:88

0:002 0:001

0:001
+0:003

0:27
0:41

0:002
0:004
0:001

+0:001
+0:002

0:50
0:90
+2
0:5

0:002
+0:002

0:002 0:001
13 Br(D0 ! K + =K + anything) 3:4%=46% 0:10 0:001
Br(D+ ! K + =K + anything) 5:8%=20:8% 0:15
Br(Ds+ ! K + =K + anything) 20%=13% 0:90
12 B B 0 mixing parameter (xd)

AsFB(total)

0.70

0:90
0:50

0:008 0:006

+0:016
0:004
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Figure 1: (a) K  (b) 0 and (c) KL0 ; n momentum distribution separately for the ve
quark avours in the JETSET 7.3 PS model.

DELPHI

70

e, µ, π

65

60

55

50

±

K

45

p

40

35

30

25
9

10

20

30

p (GeV/c)

Figure 2: Mean Cherenkov angle versus particle momentum.
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Figure 3: Mass squared distribution using the RICH detector for all charged particles
with 10 < p < 18 GeV/c. The curve shows the t of two Breit{Wigner distributions.
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Figure 4: Raw charged kaon momentum distribution extracted using RICH information.
The curve represents the t of an exponential distribution.
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Figure 5: Charged kaon asymmetry as a function of the cosine of the polar angle .
Equation (3) has been tted to these data (curve).

DELPHI Data
M.C.

500

400

300

200

100

0

1.05

1.075

1.1

1.125

1.15

1.175

1.2

1.225

1.25

p π invariant mass ( GeV/c2 )

Figure 6: p invariant mass spectrum for 0:25 < xp < 0:5 (solid line histogram). The solid
curve represents the signal plus background parametrization while the dashed curve shows
only the background contribution. The expected KS0 (decaying into + ) re ection is
also shown (grey area).
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Figure 7: Experimental 0 xp distribution. The curve represents the t of an exponential
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has been tted to these data (curve).
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Figure 9: (a) Raw distribution of cos  for all selected neutral hadrons (KL0 ; n) detected
as hadron calorimeter showers (b) Sum of the neutral hadrons coming from positively
(Ns) and negatively (Ns ) charged tagged partons after taking into account the detector
eciency and the material e ect. The curves are described in the text.
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Figure 10: Correction factor of global method for K  (continuous curve) and 0 (dashed
curve).

