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Abstract

A significant charge asymmetry is observed in the hadronic Z decays collected with
the ALEPH detector at LEP. The asymmetry expressed in terms of the difference
in momentum weighted charges in the two event hemispheres is measured to be:
{ Qrorwara ) = { QBackwara } = —0.0084 & 0.0015 (stat.) + 0.0004 (exp. sys.). In the
framework of the Standard Model this can be interpreted as a measurement of the
effective electroweak mixing angle, sin®fw(M3) = 0.2300 £ 0.0034 (stat.) + 0.0010
(exp. sys.) & 0.0038 (theor. sys.) or of the ratio of the vector to axial-vector coupling
constants of the electron, gv./gs. = + 0.073 £ 0.024.

(Submitted to Physics Letters B)
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1 Introduction

A measurement of the charge asymmetry in an inclusive sample of hadronic events is
used to study the forward-backward asymmetry (Apg) in Z — qq decays. At parton
level ALy for a single quark flavour f is defined as:

f £
T — O

Af = F "B (1)
FB £ + f
7F T UB

This asymmetry causes the average charges produced in the forward and backward
hemispheres, (QL) and (QL), to be different from zero: {Qf) = q'ALg, (Q}) = —¢'ALg,
where ¢ is the quark charge. The charge flow, Qs = Qp — Qp, the difference be-
tween the charges measured in the forward and backward hemispheres, has an average
value for a single quark flavour f:

(Qrp) = 29" Afg. (2)

Near the Z pole the forward-backward, or charge, asymmetry arises from the
difference between the left-handed and right-handed couplings of the Z both to the
initial state leptons and the final state quarks. If one neglects the small QED effects,
the asymmetry for massless quarks of flavour f at the Z pole can be written as:

(gLe)z - (gRe)z — nge Eae (3)
(gLE)2 + (gRe)2 (gVe)z + (gr’u’:)23

where A, is the left-right asymmetry in the neutral current couplings of the elec-
trons. The same formula holds for A¢. The quantity A4, is small but very sensitive to
sin’fw(M3). In relative terms, A, is not well known experimentally [1] [2]. On the
other hand, A is large and insensitive to sin?fw(M%). Furthermore, quark couplings
have been measured in neutrino scattering experiments [1]. Consequently, a precise
measurement of the quark asymmetry provides new information mostly on the elec-
tron couplings (in particular on the relative signs of gv. and ga.), and hence on the
Standard Model parameter sin®fw(M2).

3
A%B:iAeAf; Ae:

2 Method

As quarks are not observed directly, their charges have to be inferred from the result-
ing hadronic final states. Various eTe™ experiments [3][4][5][6][7] have achieved this
by using a weighted charge method originally proposed by Field and Feynman {8].
This method is based on the premise that there is a high probability that the original
quark is contained in one of the leading hadrons. A correlation between the weighted
charge of the hadrons and the parton charge has already been observed in neutrino
and muon scattering experiments [9]{10] where the current jet mainly originates from
a single flavour.



Longitudinal momentum weighting with respect to the thrust axis of the event
is used here. Other collaborations have weighted by pseudorapidity, longitudinal
momentum of the particle with respect to the jet, or both. Alternative weighting
schemes were found to yield similar charge finding efficiencies.

The conventions for geometry are shown in Fig. 1a. The thrust axis €t is orlented
so that it points in the forward direction {defined by the e~ beam). The event
is separated in two hemispheres by a plane perpendicular to the thrust axis. The
charge in the forward hemisphere is reconstructed as:

Bi 150 | = 2

LT pLer]t g
S —_ - . *

TR0 [p gl

Qr =

(4)

where g; is the charge of particle i and & is a weighting parameter. Similarly, in
the backward hemisphere the charge Qp is reconstructed using all particles with
pi.-er < 0. Two quantities are formed from these charges: the charge flow Qrg = Qg —
and the total event charge Q = Qp + Q.

As an example, Fig. 1b shows the Qpg distributions for Z — uf events as recon-
structed from Monte Carlo simulation’ of the hadronic final state where the u or @
quark goes into the forward hemisphere. The difference between the means of the
distributions demonstrates that the analysis at hadron level distinguishes between a
u or a U quark going into the forward hemisphere. Similar distributions are obtained
for other quark flavours. The charge separation 6 = (QE5™) is obtained from the
average value of Qpp for events with a quark f going in the forward direction. At
parton level & = 2 qf. At hadron level the average Qpp of a specific quark favour
going in the forward direction is smaller than 2 ¢ (see Table 1)2.

The average Qpg in the inclusive hadronic event sample 1s a sum over the dif-
ferent quark flavours of their forward-backward asymmetry, weighted by the charge
separations and the relative production rates:

(QFsB) = ZéfAFB Fz - (5)

where I'y 1s the 7 partial width into quark f and I',,4 is the total hadronic width.
Near the 7 pole this can be written as:

CcOs Hmax

{Qrp) =

2% 8 gargve
— T AN 6TA Cacede = CA.F, 6
1 + £c0s2fnay fz_: fPhad Yi(gar)? + (gvr)? ©)

*The partons are generated using the DYMU event generator {11) and are subsequently fragmented
using the JETSET string fragmentation [12]. For the particle decays detailed heavy flavour decay tables
are used.

*The value of é' for a ¢ quark can be understood qualitatively. &' is smaller for a ¢ than a u quark
because the softness of the decay pion from a charged D* results in a relatively low value of weighted
charge.

QB':



| &t

quark flavour | parton level | hadronic final
f state (k = 1)
u 1.33 0.42
d -0.67 -0.21
$ -0.67 -0.29
c 1.33 0.17
b -0.67 -0.22

Table 1: The charge separation & for different quark flavours as expected at parton

level and in the hadronic final state.

where cos 8,,.¢ defines the experimental polar angle acceptance, F = ¥; §'gargvs, and
C absorbs the remaining factors. Eq. 6 shows that (Qpp) is proportional to A,
(which contains the main dependence on sin’fw(M%)), multiplied by a factor F.
For sin?fw(M3) = 0.23, the value of the product gargyr is smaller for u type quarks
(0.38) than for d type quarks (0.69), but the charge separations are larger for u type
quarks than for d type quarks and have opposite sign. This leads to some degree of
cancellation and hence a smaller sensitivity of (Qpp) to sin’fw({M2) than one would
obtain for a single flavour. Near the Z pole the d type quarks will dominate (Qpg}) in
spite of smaller &% because of the larger asymmetry, larger production cross section,
and absence of top quark production. The factor F will be linearly dependent on
the exact values of the charge separations §f, which have to be obtained from Monte
Carlo simulations.

An experimental constraint on the various §f values is provided by analysis of the
width of the distributions of Qpp and Q. In the hadronic event sample these distribu-
tions consist of a superposition of the individual quark and antiquark distributions,
centred around +4&° respectively for Qpp and around 0 in each case for Q. The total
Qrp distribution will thus be broadened with respect to the total Q distribution by
an amount which can be interpreted as an effective charge separation §:

5
I'e
2, — TH A, §6)2 : 7
9Qrp Q g( ) Chod ( )

The approximate validity of this equation makes use of the equalities: cer = ojq,

é

Il

cl'ém3 = UE‘QFB’ and & = &%, as well as the near independence of Qr and Qg event by
event. The quantity é is experimentally measurable and directly comparable with a
Monte Carlo simulation. As the Qpp and Q distributions are to a good approximation
gaussian, their widths are statistically independent of their mean values. Therefore
this test is independent of electroweak parameters but sensitive to fragmentation and
detector simulation. Moreover, § is an indicator for the discrimination power of this



method of analysis: a typical value of ¢ is 0.29, and of Toeg 15 0.61 (k= 1).

The parameter x can be chosen arbitrarily to optimize the sensitivity of the mea-
surement. In previous experiments [3|[4][5], x was fixed by optimising the fraction
of events that have oppositely signed weighted charge in the two event hemispheres.
This opposite sign fraction is observed to decrease monotonically in the present anal-
ysis. The value chosen here is k = 1. This optimizes the accuracy of the determi-
nation of sin®fw(MZ) or gv./gs. based on {Qpp). Eq. 6 shows that the expected
asymmetry is carried by the factor F; therefore, one can obtain the best sensitivity
for sin®fw(MZ) with respect to (Qrg} by optimizing S = F/oq,,. This sensitivity S
shown in Fig. 2 is found to have a clear extremum around « = 1. This point of max-
imum statistical sensitivity was found to have the smallest error once the systematic
errors were included. It was verified that repeating the analysis for various x values
from 0.2 to > gives different but statistically consistent results.

3 The ALEPH Detector

A detailed description of the ALEPH detector is given in ref. [13].

The measurement of the charge asymmetry relies heavily on the excellent tracking
information from the ALEPH Inner Tracking Chamber (ITC) and from the Time
Projection Chamber (TPC). The eight coaxial drift chamber layers of the ITC provide
coordinates in 1-¢ space in the region |cos 8| <0.97. The TPC extends radially to 180
cm from the interaction point and provides up to 21 space points.

In the 1.5 T magnetic field of the ALEPH superconducting solenoid the ITC/TPC
combined charged track momentum resolution for |cos 8] < 0.8. is Ap, = 0.0008p? {p,
in GeV/c). The probability of charge misidentification is estimated to be well under
0.01% of all tracks in hadronic events.

4 Event Selection

During the 1989 and 1990 data taking, ALEPH has accumulated 8.66 4+ 0.18 ph~1.
For this analysis only charged tracks are used. The following track selection is
applied:
1. the distance of closest approach of the track to the vertex in the x-y plane (dq)
must be smaller than 2.0 cm;
2. the closest approach in the z-direction (zo) must be less than 10.0 cm;

3. the track must consist of at least four TPC space points;

4. |cos byack| < 0.95;



5. the track must carry a momentum transverse to the incident beam direction

larger than 200 MeV /c.

Hadronic events are required to contain five or more tracks which pass selection
criteria 1-4. A total charged energy in excess of 0.1 /s is required in order to
reduce the background from photon events. The trigger efficiency for these events
is measured to be 99.96+0.02% [14]. The analysis is restricted to a region of good
resolution and acceptance by applying a cut on the thrust axis angle 81, | cosfr |
< 0.9. Using these selection criteria a hadronic event sample of 175,110 events 1s
obtained. The values of Qp and Qp are calculated using tracks that pass criteria
1-5. In ref. [14] it has been shown that the event shape variables such as the cosfp
distribution are correctly described by the Monte Carlo simulations. Since the two
photon background in the hadronic sample is less than 3.0 x 107* and does not effect
{Qpp) by more than 3.0 x 107% of its value, it is neglected in this analysis.

5 Experimental Results

K {QFs) {Q) T T que giate/§MO

0.5 | -0.0045 + 0.0010  0.0022 &+ 0.0008 | 0.410 £ 0.001 | 0.405 += 0.001 | 1.013 + 0.013
1.0 | -0.0084 £ 0.0015 | 0.0014 + 0.0013 | 0.608 + 0.001 | 0.608 £+ 0.001 | 0.992 + 0.018
2.0 | -0.0137 £ 0.0022 ; 0.0009 + 0.0020 | 0.907 + 0.002 | 0,908 £ 0.002 | 0.975 + 0.024
oo | —0.0188 4 0.0035 | 0.0027 £+ 0.0033 | 1.446 + 0.004 | 1.450 + 0.003 | 0.940 £ 0.048

Table 2: Observables in the charge asymmetry analysis as a function of .

Table 2 shows the values of the important observables in this analysis for various
choices of the weighting parameter x. As & increases the low momentum tracks
contribute less to the reconstructed charge. At x = oo the reconstructed charge is
based only on the leading track in the event hemisphere.

Over the whole x range a significant charge asymmetry (Qpp) is observed. The
total average event charge (Q} is compatible with zero except for x = 0.5 where low
momentum tracks contribute significantly to the reconstructed charge. The com-
parison between Monte Carlo and data at low « is sensitive to the accuracy of the
modelling of track finding efficiency for low momentum tracks and of absorption
or creation of low momentum tracks, e.g. in wall interactions. However, as these
processes are forward-backward symmetric, (Qfg) itself remains unchanged.

In Fig. 3a (3b) the Qpp (Q) distribution observed in data is compared to the
Monte Carlo prediction at &« = 1. The Monte Carlo gives an excellent description of

the data.



Figure 4 shows (Qpp) as a function of cosfr for kK = 1. The figure clearly demon-
strates that there is a significant charge asymmetry, which is concentrated in the high
cosfit bins.

Sources of experimental systematic errors on (Qpp) may be divided into two
classes. The most problematic effects are those that are forward-backward and charge
asynunetric as they can generate a false electroweak asymmetry. Other effects that
are forward-backward or charge asymmetric only, result in a dilution of {Qpg) and
produce an uncertainty proportional to (Qpg). Detector related systematic errors are
discussed here for the specific case x = 1 (see Section 6 for choice) for the following
sources which can generate false asymmetries:

1. Momentum imbalance in tracking due to momentum bias
A possible momentum imbalance has been corrected using ALEPH muon pair
data. The average muon momentum was forced to match expectations for both
signs in each of twelve cosélr bins. This correction is applied to the sagitta, has
a precision of typically 10 um and does not exceed 40 pm, corresponding to less
than 1% of the momentum. Applying this correction to hadronic events shifts

2. Track losses

Track losses due to track overlap, TPC cracks and secondary decays at the
edge of the fiducial regions of the TPC are accounted for in the Monte Carlo
and represents a loss of about 1%. This has been confirmed by a scan of 3600
tracks in the data. A study of two prong events revealed that additional losses
due to detector effects not simulated in the Monte Carlo were at the level of
(1 + 1) x 107%. Examination of a possible charge asymmetry in Monte Carlo
and data tracks that pass all selection criteria but are near the cut for one of
the criteria, leads to the conclusion that any artificial asymmetry arising from
lost or marginal tracks is less than 3.0 x 107%.

3. Tracks with unphysically high momenta
In 0.30% of the hadronic events, a single track with an unphysically high mo-
mentum (p > 50 GeV/c} is found, mainly as a result of reconstruction ambigu-
ities due to overlapping tracks. Positively and negatively charged tracks with
these anomalously high momenta are produced symmetrically in the two halves
of the detector, and therefore do not influence the charge asymmetry measure-
ment. Moreover, this effect is correctly represented in the Monte Carlo. The
systematic error due to these events has been obtained by studying the differ-
ence in {Qpp) between the case where the events were included and the case



where they were excluded from the analysis. The resulting error on (Qpg) is
less than 0.6 x 1074

4. Loss or creation of secondary charged tracks in material between the
vertex and the TPC
Interaction of particles in the material between the vertex and the TPC is poten-
tially charge asymmetric due to charge dependent nuclear cross-sections. Both
particle absorption and creation affect {Qp) and {Qp) equally and therefore
have no influence on (Qpp} but result in (Q) being non-zero. Particle absorp-
tion or creation can only cause an asymmetry if there is a difference between
the amounts of material in the two hemispheres. Using photon conversions the
material asymmetry A, is determined to be =2.0 + 1.2%, while {Q) is mea-
sured to be 0.0014 + 0.0013. Consequently the error on {Qpgp), estimated from
(Q) x Amat, is found to be less than 0.6 x 107

In addition the measurement of (Qpp} is influenced by detector acceptance, res-
olution, etc. These detector effects are included in the detector sinulation and are
found to represent a 12% reduction in the expected value of {Qpp). The accuracy
with which these effects have been simulated can be expressed in terms of §92t2/§MC,
As this ratio is found to be 0.992 4 0.018 an additional systematic error of 1.5 x 10~*
is assigned to {Qpp). An overview of the experimental systematic errors is given in
Table 3.

To sumimarize, (Qpp) is measured to be (for k = 1):

(Qrp) = —0.0084 + 0.0015(stat.) £ 0.0004(exp.sys. ).

Source of systematic uncertainty A (Qrp)
(1074)

Effects creating a false asymmetry:

momentum imbalance 2.0

track losses 3.0

unphysically high momenta 0.6

presence of material 0.6
Dilution due to acceptance, resolution, etc. 1.5
Total experimental error 4.0

Table 3: Summary of the experimental systematic errors on (Qrg}.
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6 Theoretical Uncertainties in the Charge Sepa-
rations

The systematic uncertainty in the interpretation of {Qpg) in terms of electroweak
parameters (Eq. 6) stems mainly from the charge separation dependence on the frag-
mentation parameters in the Monte Carlo simulation. While the default values of

ata /§MC . 1.0, uncertainties in these parameters result in

these parameters yield §¢
errors on the flavour dependent charge separations 6. The uncertainty can be ex-
pressed in terms of an error on F (=Y é'gargve) or of an error on the extracted values
for sin®*fw(MZ) or gve/gae-

The systematic errors determined from variations of eleven fragmentation param-
eters in JETSET Version 6.3 are listed in Table 4. The ranges of variations of these
parameters are either based on measurements [15] [16][17]{18][19]{20] or are given by
theoretical constraints. A discussion of the choice of ranges is given in the Appendix.

The main error on F in JETSET stems from the uncertainty on the ratio s/u. The
total error on F due to uncertainties in the fragmentation parameters of the JETSET
string fragmentation is estimated to be 13.5%.

The model dependence of the flavour dependent charge separations has been in-
vestigated using the HERWIG Monte Carlo [21], which is based on cluster fragmenta-
tion. The value of F in HERWIG is found to be 15% larger than in JETSET 6.3. Since
JETSET has shown its validity in reproducing charge flow in deep inelastic scattering,
the value estimated by JETSET is kept as the central value. An additional systematic
error of 15% is assigned to account for the difference with HERWIG.

Although some parameter variations may be incompatible with §94t*/FMC ~ 1.0,
this is not used to constrain the systematic error further because of possible correla-
tions. Combining the uncertainty due to the JETSET parameters with that due to the
choice of fragmentation model, the total systematic error in F is taken to be 20%.

7 Determination of the Electroweak Mixing Angle
and the Electron Coupling Constants

‘The charge asymmetry {Qpp) is measured over an eleven point energy scan around
the Z mass covering the range /s = 88.25 — 95.00 GeV. The theoretical predic-
tions of Afg(s) for the different values of sin?@w(M2) have been calculated using
EXPOSTAR [22], which includes exponentiated second order initial state radiation and
electroweak corrections. The difference in event statistics at the various energies has
been taken into account by weighting the contributions by the number of hadronic
events recorded at each energy. This energy averaging is allowed as Apg varies almost
linearly with energy in the energy region studied. Taking the measurement of (Qpgp)



parameter range. A—; i
(%)
AQCD 0.26 - 0.40 GeV 4.4
Mmjn 1.0 - 2.0 GeV 2.2
b 0.85 - 0.93 2.8
T 0.34-0.40 1.9
Ee 0.002 - 0.071 3.7
gp 0.003 - 0.010 4.4
[V/(V+PS), . 03-0.75 3.5
[V/(V+PS). |05-0.75 1.0
[V/(V +PS)],, | 0.65-0.8 2.8
s/u 0.27 - 0.40 8.7
X 0.11 - 0.16 4.2

Table 4: Variation in the predicted value of F for changes in the fragmentation
parameters. The statistical error on the uncertainties is 1.2%.

integrated over all energies one finds:
sin’fw (M3) = 0.2300 = 0.0034(stat.) + 0.0010(exp.sys.) + 0.0038(theor.sys.). (8)
As a check, Fig. 5 shows {Qpp) as a function of /s. The data have been combined

into three bins, one below, one at, and one above the Z pole. The theoretical curves
give an acceptable description of the energy dependence of (Qpp) as observed in the
data.

As discussed above, the observed charge asymmetry can be expressed in terms
of the electron and the quark couplings. Therefore the measurement of {Qpp) can
be used directly to determine A, or gv./ga.. The u and d quark coupling constants
have been extracted from neutrino-nucleon scattering measurements [1]:

(gLu (ng)2 = 0.2996 4 0.0044, (9)
(8Ra)’ d)2 = 0.0298 £ 0.0038, (10)
g‘*“) = 2.47 4+ 0.04, (11)

grLd
tan” (55‘&) = 4.65 + 0.40. (12)

Brd

Assuming A, = A. and Ay = A, = Ay, and using the §' values from the present
analysis, the above values of the quark coupling constants yield: A, =0.64 4 0.08,
Ag = 0.96 + 0.05, and T 6T A/ Thae = —0.086 + 0.024.

Combining the numbers above with the measurement of {Qpg} yields:

A, = +0.145 + 0.048 (13)



or
Eve

= 10.073 + 0.024. (14)
e

The value expected from the Standard Model is ~ 0.070 for sin®6,,(MZ) = 0.232.
The measurement presented in this paper establishes that the signs of g4, and
gve are the same.

8 Conclusions
A significant charge asymmetry is observed in hadronic Z decays:
{Qpp) = —0.0084 + 0.0015(stat.) £ 0.0004(sys.). (15)

In the framework of the Standard Model the measurement of {Qpg) is interpreted in
terms of sin®fw(M2):

sin“fw (M) = 0.2300 + 0.0034(stat.) + 0.0010(exp.sys.} & 0.0038(theor.sys.}). (16)

The main systematic error is found to be due to uncertainty in the fragmentation
process. {Qrgp) can also be used to extract the electron left-right asymmetry A, or
the ratio of the electron couplings gve/gs.. Assuming quark universality one finds
gve/gae = +0.073 + 0.024.
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Appendix - Sensitivity of (Qpp) to JETSET Fragmentation
Parameters

The values of Aqep given by the different e"e™ experiments range from 0.26 [18]
to 0.40 GeV [19]{20].

Most experiments have determined the best value for the minimum mass in the
parton shower evolution, M, to be 1.0 GeV. As the ALEPH data favour a value
around 1.5¢ £ 0.12 GeV [15], My, for this study has been varied from 1.0 up to 2.0
GeV.

For ¢ and b in the light quark string fragmentation two sets of preferred values
exist, a &= 0.5, b == 0.9 [15])[19][20] and @ = 0.18, b =~ 0.34 [17][18]. The latter setting, in
combination with the ALEPH tuning for the other fragmentation parameters, yields
a charged particle multiplicity that is too high by one track per event. Since the error
on the ALEPH measurement of multiplicity is + 0.45 [15], only the former setting is
studied. As a and b are strongly correlated it is sufficient to vary b between 0.85 and
0.93 while keeping «a fixed at 0.5 [15].

The parameter, o, describing the width of the transverse momentum distribution
of physical particles produced in the fragmentation has been varied between 0.34 and
0.40 GeV/c. This almost covers the full range of measured values from the various
experiments {15]-{20].

The variation of ¢, and ¢}, is based on ALEPH heavy flavour studies [16].

The vector to vector plus pseudoscalar ratios, V/{V+PS), are poorly known. For
this study the ratios have been varied around the JETSET default values. The max-
imum values are set by a theoretical constraint. For light quarks the maximum is
3/(14-3)=0.75, while for heavy quarks the ratio can go up to 0.8 due to mass effects.
The lower limits were obtained by varying the default settings down by the amount
they differ from the maximum (as vector particles are observed it is unphysical to
reduce the vector to pseudoscalar ratio to zero). HRS [23] and JADE [24] param-
eterized the pseudoscalar to vector rate as PS/V =(1/3)(m,/m;)***. This leads to
V/(V+PS) values of 0.54 for {V=p°, PS=n"), 0.69 for (V=K", PS=K"), and 0.74
for (V=D%, PS=DP). In each case the value obtained is contained in the range over
which the respective vector to pseudoscalar ratios are varied here.

The review of measurements of the ratio s/u given in ref. [25] sets the range to 0.27-
0.37. As all these measurements were carried out at lower energies the range of s/u
has been extended up to 0.40 to allow for possible increased strangeness production
at LEP energies.

The influence of B%-B® mixing has also been investigated. For the charge recon-
struction, all charged fragments or decay products of the b quark are used. Due to the
different time scales for mixing and fragmentation, the b quark will have fragmented
to a neutral object, a BY, long before it mixes to a B®. The only bias B°-B° mixing
can give in this analysis comes from the difference between the contributions to the
hemisphere charge of the B® decay products once they are momentum weighted. The

11



effect of B%-B° mixing has been studied by varying the mixing parameter y between
0.11 and 0.16, which is the range presently set by the ALEPH data [16].
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Figure 1: (a) Schematic of an ee” — q @ collision. Thrust axis is defined to be
pointing in the electron (+z) direction. (b) Simulated distribution of %I—d—%l;I—B for three
cases: i) the quark in the forward hemisphere is a u (solid); ii) the quark in the
forward hemisphere is a @ (hatched}; iii) the quark in the forward hemisphere is
either u or @ (unfilled). Arrows at +% indicate the Qpgp values expected if the quarks

were directly observed.
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Figure 3: (a) Comparison of Qg distributions for data (black dots) and reconstructed
Monte Carlo events (histogram). (b) Comparison of total event charge Q) distributions
for data {black dots) and reconstructed Monte Carlo events (histogram ).
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Figure 4: (Qpgp) as a function of cosf#p. The fitted curve shows the prediction for
sin’fw (M3} = 0.230 (x*/D.0.F.=6.2/5).
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Figure 5: Predicted values of (Qpgp) for myp, = 190 GeV/c?® (solid curve) and my.,
= 90 GeV/c* (dashed curve), generated using the EXPOSTAR Monte Carlo [22]. In
both cases mpgs = 200 GeV/c? is assumed. Data points correspond to the measured
(Qrp) below, on, and above the Z pole.
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