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ABSTRACT 

This report covers preliminary measurements from SLD on heavy 
quark production at the Zu, using 150.000 hadronic Zu decays 
accumulated during the 1993-1995 runs. A measurement of Rt, with a 
lifetime double tag is presented. The high electron beam polarization of 
the SLC is employed in the direct measurement of the parity-violating 
parameters At, and Ac by use of the left-right forward-backward 
asymmetry. The lifetimes of B+ and B” mesons have been measured by 
two analyses. The first identifies semileptonic decays of B mesons with 
high (p,pt) leptons; the second analysis isolates a sample of B meson 
decays with a twodimensional impact parameter tag and reconstructs 
the decay length and charge using a topological vertex reconstruction 
method. 
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Intraduction 

The Stanford Linear Collider (SLC) together with the SLC Large Detector (SLD) 
provides an excellent facility for the study of the decay of the Z? The significant 
developments over the past year have been the most fundamental: the SLC has been 
able to deliver increased luminosity to the SLD detector at higher electron 
polarization. This progress is illustrated in Fig. I, which shows the increase in the 
average polarization of the electron beam over time. During the 1993 running period, 
the SLD collected -50,000 Zn decays with a mean electron beam polarization of (63 f 
I)%. In 1994-1995, SLD recorded an additional -100,000 decays with a mean 
longitudinal polarization of (77 f I)%. Combined with the analysis advantage of a 
small. stable beam spot and the superior three-dimensional resolution of the SLD 
vertex detector, this data set has provided accurate measurements of fundamental 
electroweak parameters. We will cover preliminary results for a set of topics SLD has 
studied involving heavy quark physics. These include a measurement of Rt,, heavy 
quark asymmetries, and a measurement of B meson lifetimes utilizing two analysis 
methods. 

Beam Polarization 
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Figure I. A summary of the beam polarization and the Zo decays recorded by the 
SLD. 

A side view of the SLD is given in Fig. 2; the interaction between the SLC and the 
SLD and the production and measurement of the electron beam polarization are 
covered in the talk by T. Schalk in these proceedings. 
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Figure 2. A quadrant of the SLD detector. 

The SLD Detector 

A detailed description of the SLD detector can be found in Ref. [I]. Working from the 
interaction point (II’) outward. the detector incorporates a vertex detector (VXD) for 
precise position measurements close to the interaction region, a central drift chamber 
(CDC) for charged particle tracking and momentum measurements, a Cherenkov ring 
imaging detector (CRlD) for particle identification, a liquid argon calorimeter (LAC) 
for measuring energy flow and providing electron identification, the. solenoid coil, 
and the warm iron calorimeter (WIC), which provides the magnetic field flux return 
and muon identification, and serves aa a tail catcher for hadronic showers extending 
beyond the LAC. 

Together, the VXD and the CDC provide the core of the SLD tracking measurements 
used in the analyses to be discussed later.2 The VXD consists of 480 charge-coupled 
devices (CCD’s) surrounding a I mm thick beryllium beam pipe with an inner radius 
of 25 mm. Each CCD is an array of 375 x 578 square pixels 22 pm on a side. The 
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CCD’s are arranged in four concentric cylinders at radii ranging from 2.9 cm to 4.1 
cm. The inner (outer) cylinder covers a range of polar angles defined by cosfl c 0.85 
(0.75). The CDC is a cylinder 1.8 m  long with an inner radius of 0.2 m  and an outer 
radius of 1.0 m. Six hundred and forty drift cells are arranged in ten superlayers 
covering radii from 24 cm to 96 cm. Each cell in a superlayer has eight sense wires 
spaced radially by 5 mm. An individual sense wire provides a measurement of the 
drift distance with a spatial resolution averaging 70 pm over the entire drift cell. 
Tracks are reconstructed at polar angles in the range cos9 < 0.85. 

The capabilities of the VXD are summarized in Figures 3 and 4. Figure 3 displays the 
measured miss distance between the two tracks of muon pairs obtained from decays 
of the Zc + p+p-. Since the two muons originate from a common point, this is a good 
measure of the intrinsic resolution for an individual track’s impact parameter relative 
to its origin; the width of the distribution is divided by fi because there are two tracks 
used to make the measurement. Correcting for this, the resolution in the r-0 plane is 
found to be 11.2 microns, and in the r-z plane 37 microns. 
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Figure 3. The miss distance between muons in the r-4 and r-z planes. 

Figure 4 demonstrates’the accuracy of the beam spot determination. It plots the impact 
parameter for individual muon tracks, again from Zn + p+p- pairs, relative to the 
position of the IP in the r-0 plane. The IP position is determined independently from 
hadronic events. The width of the distribution is 12.9 microns. Unfolding the intrinsic 
impact parameter rPco1ution of the tracks, we find the accuracy for the IP spot 
determination to be 6.4 microns. 
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Figure 4. The impact parameter for muons relative to the IP. 

Couplings of Fermions to the Z’J 

The Standard Model (SM) makes definite predictions for a number of attributes of i!? 
decays, making possible precision tests by comparing these with the experimental 
values. Possible new physics beyond the SM may make itself manifest through 
radiative corrections to the SM couplings. An elegant and thorough review of the 
status of world measurements and the implications for the SM is given in the lectures 
by M. Swartz in these proceedings (see also Ref. [3]). We concentrate here on 
couplings of the Za to heavy quarks. Tests using measurements of heavy quark 
production, especially that of the b quark, are primarily sensitive to corrections at the 
Zo -+ ff vertex. This is distinct from measurements of sin%,, such as the electron 
asymmetry or tau polarization asymmetry, which are tests sensitive to corrections that 
involve the Z” propagator. The two types of measurements complement one another 
in the nature of their probing of the SM. 

Rb: Lifetime Double Tag 

A quantity of particular current interest is the branching fraction of the Zo into b 
quarks. Significant top mass corrections are expected to affect the cross section for Zu 
+ bb. The best experimental quantity to compare with predictions is Rb, the ratio 
r(ZO 4 t&) / I(Zu + hadrons). In this ratio, most corrections excepting vertex 
corrections cancel, so that the theoretical ambiguities am relatively small. Moreover, 
because the vertex corrections are isolated, the predicted value of Rb becomes a 
function of the top mass, again with little uncertainty. The ratio has the additional 
advantage that experimental uncertainties tend to cancel as well. LEP has made 
measurements of Rb using several techniques, and their current average is 3 B high 
compared to the SM. (See the talk by D. Strom in these proceedings for a current 
review of the LEP measurements.) 
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The SLD measurement of Rb employs a lifetime double-tag technique similar to the 
ALEPH measurement.47 5 The primary difference lies in the intrinsic resolution of the 
vertex detector, including its three-dimensional information, and the size of the 
interaction region. The information of the IP position is utilized in the following 
manner. After a selection of Z’J decays has been made, each event is divided into two 
hemispheres using the direction of the highest momentum jet as the axis. Track 
parameters are computed using only the information from the VXD and CDC 
systems; a second analysis of each track is made by adding the beam spot position as 
an extra hit on the track. A variable, x, is defined which represents the difference in 
the square root of the chi-squared of the fit track for the two computations. This is 
equivalent to the normalized three-dimensional impact parameter to the primary 
vertex for each track. Tracks that originate close to the IP will have a small value of 
the impact parameter. Tracks that originate further from the IP, such as those 
originating from decays of heavy quarks, will have a large value. An additional 
refinement is made by assigning a sign to x depending upon whether the point of 
closest approach of the track to the axis of the highest momentum jet is in the same 
hemisphere (x positive) or the opposite hemisphere (x negative) as the track itself. 
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Figure 5. The x distribution for data and Monte Carlo. 

A plot of x compared with Monte Carlo is shown in Fig. 5. The dip at the origin is 
due to the lack of phase space for tracks to point exactly at the IP in three di nsions. 
In the region of positive x, a tail can be seen at the larger values; these tr %  s are 
predominately from particles decaying far from the IP. Decays of particles containing 
heavy quarks dominate this region. The probability that an individual track originated 

from the primary vertex is then computed using the shape of the distribution of 
negative x. reflected about the origin, for the template. The next step is to look at the 
ensemble of tracks in a particular hemisphere. Only tracks with positive x are kept. A 
joint probability, that the ensemble of tracks in a hemisphere is consistent with 
coming from the Ip is then formed using a Poisson x2 probability distribution. 

Hemispheres with a low joint probability represent a data sample enriched in b 
decays. A cut on the joint probability is then made; b decays are isolated by requiring 
that events have a joint probability below the value of the cut. Figure 6 shows a plot 
of the purity, &, of the resuhant b sample and the efficiency, E, for the different quark 
species as a function of the value used for the cut. The precise value of the cut is 
determined by that value which minimizes the total error of the resultant data sample 
for measuring IQ,. 
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Figure 6. The purity, &, and efficiency, Et,, of the b sample as a function of the cut 
on the log of the hemisphere joint probability. 

Knowledge of the efficiency for tagging b events is crucial for determining &,. Note 
that Fig. 6 has two values plotted for &b. One is determined purely by Monte Carlo, 
while the other has been determined from the data by comparing the number of 
hemispheres tagged as containing a b quark with the number of events for which both 
hemispheres are so tagged. One would like the efficiency to be determined 
completely by the data if so possible. In a perfect world, if there were no background 
so that the b tags represented a pure b quark sample and the tagging of either of the 
two hemispheres was independent of the other, I+, and the efficiency, &b, could be 
obtained by solving the following two simultaneous equations: 
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nti = Zq,R,,N,, and ndwbL = IT,’ R,, N,,, 

In practice, however, non-b related backgrounds are present and their effect must be 
included. Similarly, the tagging efficiency of the two hemispheres has a nonzero 
degree of correlation between them due to a number of causes; a simple example 
would be the acceptance of the detector, while others include the effects of gluon 
radiation or small errors in the determination of the IP position. The correlation 
likewise must be accounted for. The resultant equations are more complicated, but Rt, 
and Eb can still be extracted with input from the Monte Carlo for the values of Euds. 
Q. and the correlations between hemisphere efficiencies, and assuming a SM value of 
& =0.171. 
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Figure 7. The uncertainty in Rt, as a function of the cut on the log of the hemisphere 
joint probability. 

The systematic and statistical errors for the value of Rb extracted from the data set are 
shown in Fig. 7. The choice of the value for the cut on the joint probability is set at 
the minimum in the curve for the net uncertainty in the value of Rh. This represents a 
balance between the statistics of the final sample and the systematic errors of the 
analysis. The variatiou in the result for Rh as the cut is changed is shown in Fig. 8; the 
flatness of this curve gives us confidence in the stability of the result. 
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Figure 8 . The dependence of the result for Rh upon the value of the cut on the log of 
the hemisphere joint probability. 

The minimum combined systematic and statistical uncertainty occurs at a hemisphere 
joint probability cut of 105.‘. The efficiency zb for this cut measured from data is 
3 1.3 & 0.6 %, with a b-tagging purity nb of 94%. The preliminary result for Rb is 

Rh = 0.217 1 i 0.0040 (stat) f 0.0037 (sys) + 0.0023 &). 

The value is consistent with the expectation of the SM. The SLD result is not yet 
precise enough either to certify or to de-certify the 30 discrepancy currently observed 
by the LEP experiments. 

Table 1 

B-decay multiplicity 
B-+Dmodel 

b fragmentation 
hb fraction 

MC statistics 

D-decay multiplicity 0.87% 
c + D fractions 0.57% 
c fragmentation 0.56% 

Rc=0.171+0.017 1.05% 
MC statistics 0.26% 
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A breakdown of the sources of the systematic error is given in Table 1. The largest 
contributors are seen to lie in the charm sector. Note that the systematic error due to 
the uncertainty in the value for Rc has been isolated. Improvements in techniques to 
remove charm decays will be a key to reducing systematic errors. Further gains in this 
analysis will require the development of an efficient, ultra-high purity b-tag to 
improve systematics in hand with a larger sample of data. 

Zo Asymmetries at the SLD 

In the SM, fermions have vector and axial vector couplings vf and uf to the ZO. The 
asymmetries at the Z-pole depend on the vector-axial vector interference term. 
Conventionally, one defines for each fermion the quantity 

A, = 2vfaf 
$+a:’ 

The asymmetries one has access to experimentally involve different combinations of 
the Afrelevant to a particular process (see M. Swartz, these proceedings.) The 
advantage of the high polarization of the incident electron beam at the SLC is that it 
enables us to separate the electron coupling from the fermion coupling to the 20.6 As 
an example, one can look at the expression for the left-right forward-backward 
asymmetry a{,. This is written below for the b quark: 

F (B) denotes an outgoing ferrn:on that goes in the same (opposite) direction as the 
incident electron. CTL (0~) is the cross section for left (right) polarized electrons 
colliding with (unpolarized) positrons. Besides providing a means to measure Ab 
directly, the use of Aft has the practical effect of enhancing the analytical power of 
the events used for the measurement relative to a measurement of the 
unpolarized forward-backward asymmetry A:B. This is because the unpolarized 
forward-backward asymmetry has the quantity 4 rather than PC multiplying tbe final 
state fermion term: 

A& = g A,A,. 

Since Ae is small, the relative statistical sensitivity of the two methods, (P. I A,)2. 
becomes quite large for a highly polarized beam; for the SLD, the enhancement we 
gain by eliminating the electron coupling is on the order of 25. 

The expression for &, above is obtained by integrating the Born-level differential 
cross section: 

au 
---(l-AePJ(F+A,($$&osO). 
acose 

Here,0 is the angle between the incoming e- and the outgoing fermion f. The direction 
of the thrust axis can be used to determine the direction of the outgoing fermion. The 
sign of P, in the differential cross section can also be manipulated to give the left- 
right forward-backward asymmetry as a function of co&: 

One needs, in addition to providing a polarized incident electron beam, to select a 
sample qf events enriched in a particular quark flavor and to tag the direction of the 
quark versus the antiquark to determine if an event is a forward or a backward event. 

The majority of the analyses to follow use the full Born-level differential cross 
section in making the fits. The use of the full form for the cross section in fitting the 
data allows the analysis to include corrections and detector effects in a more thorough 
and straightforward manner,while maintaining the ability to eliminate the dependence 
on the electron coupling as discussed above. 

Measurement of A, Using D*+ and D+ 

This is an update of the measurement made with the 1993 data.7 In order to tag CE 
events and separate them from bb and uds backgrounds, kinematic and vertex 

, analyses are used to find events containing one of two I)*+ + lrfD0 decay chains, 
with DO + K-K+ or Do + K-n-W. In the latter case, the n? is not reconstructed. The 
n;t in the D*+ decay is known as the spectator pion and carries the sign of the charm 
quark. Vertexing techniques also cleanly isolate the mode D+ + K-n%+. Both 
analyses benefit from the three-dimensional VXD information and the precise 
knowledge of the IP location. 

In the D*+ kinematic analysis, DO candidates are formed by cutting on the v 
invariant mass spectrum. For example, for the Kn mode, the central value is 1.765 
GeV/c2 < m(K-lr+) < 1.965 GeV/cz, and, for the “satellite” peak, we require 1.50 
GeV/c2 < m(K-rr+) < 1.70 GeV/c2. A cut is made on the opening angle between the 
direction of the DO candidate in the lab frame and the K in the rest frame of the JY. 
After this cut, tbe remaining candidates are combined with a slow pion having the 
correct charge and pn > 1.0 GeV/c. Finally, we take advantage of the fact that CE 
events are produced at high xD*, defined as 2 * E&J&, , relative to background, xD* 
is required to be Z 0.4. 

For the D*+ vertex analysis, the emphasis is on the fact that D@s in &events have a 
significant three-dimensional decay length and are produced at the IP. The cuts on the 
opening angle and pn are eliminated, and the xD* cut is reduced to xD* 2 0.2. @tracks 
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are required to have a good three-dimensional vertex fit, with a three-dimensional 
decay length distinct from the IP by 2.5 (JL, where crt is the error on L. To assure that 
the direction of the Du points to the IP. the two-dimensional impact parameter of the 
DO to the IP is required to be c 20 ltrn. Together,the vertex and impact parameter cuts 
strongly reject combinatoric background and D*+ from beauty cascades. 

A vertex-style analysis is used to isolate D+ + K-r&+ in cC events. A cut is made 
on the opening angle between the direction of the D+ candidate in the lab frame and 
the K in the rest frame of the D+; XD+ is required to be 2 0.4. The three-dimensional 
decay length measured from the IP is required to be at least 3 . a~. Finally, the angle 
between a line drawn from the D+ vertex to the IP and the direction of the D must be 
c 5 mr in the r-O plane and < 20 mr in the r-z plane. 
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Figure 9. Distributions of the D*+ - DO mass difference for Do 4 K-n +(top) and Du 
+ K-&co (middle); and the D+ + K-n%+ mass (bottom). 

Plots of the D*+ - DO mass differences and the D+ + K-&c+ mass are shown in Fig. 
9. A clean signal is extracted in each case. The signal region in the plots of the D*+ - 
Do mass difference is taken to be Amen.15 GeV/c*, and the sideband region used is 
0.16 GeVlc2 < Am < 0.20 GeVlc2 . The union of the two analyses is used to 
determine the asymmetry. The signal region in the mass plot for D+ + K-&C+ is 

1.8 GeVlc2 < m(K-n+n+) -Z 1.94 GeVlcz, while the sideband regions are 1.64 
GeV/c2 < m  c 1.74 GeV/c2 and 2.0 GeV/c2 < m  c 2.1 GeV/cz. The raw asymmetry is 
plotted in Fig. 10 as a product of the charge of the charm meson and co&, where go 
is the polar angle of the D meson momentum, separately for left-and right-handed 
electron polarization. 
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Figure 10. The raw asymmetry for the events in the signal mass region. 

A maximum likelihood fit for the combined sample is used to extract Ac, taking into 
account the information on D(+) momentum-dependent fractions of CE, b6 signal,and 
background components. &D and A#’ are the asymmetries from D(** decays in 
tagged cZ and bb events, respectively: 

lnL=,$ln{ P:‘(xb ’ - pcAe 
‘34 -J’,) 

(1 + y,‘) + yjA;Ac 

+P,j(xb) 1-peAe (l+y,‘)+yiA,DAb 
264, - P. 1 

+P;~,,(x;)(o +~il)+24m~‘) 1 . 

The preliminary result obtained is: 

AC = 0.64 + 0.11 (stat) + 0.06 (sys). 

The dominant systematics are related to the random combinatoric background 
(RCBG), as shown in Table 2; this is largely due to limited statistics in the sideband 
regions. Thus, the systematic errors can be expected to be reduced with a larger data 
sample. 
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Table 2 

Measurement of Ab, Ac with Leptons 

This analysis selects Z” + aT. and bb events with semileptonic decays. The analysis is 
an updated measurement based on the analysis of the 1993 data to include all 1993- 
1995 data.8 Electrons are identified in the LAC by requiring agreement between the 
track momentum and the calorimeter electromagnetic energy, little or no calorimeter 
hadronic energy, and a reasonable front/back electromagnetic energy ratio. Muons are 
identified by comparing hits in the WIC with the extrapolated track, taking track 
extrapolation errors and multiple scattering into account. The lepton charge provides 
the quark anti-quark determination, and the quark direction is obtained from the jet 
nearest the lepton. 

Muons 

Figure 11. Distributions of momemum and transverse momentum with respect to the 
nearest jet axis for identilied electrons (left) and muons (right) in the data (points) 

compared to the Monte Carlo prediction (histograms) for various sources. 

Ab and Ac are simultaneously extracted from the sample of leptons using a maximum 
likelihood fit of the identified leptons to the theoretical cross section, employing the 
distributions of the lepton momentum and transverse momentum. The Monte Carlo is 
used to estimate the composition of the lepton sample, determining the contributions 
to the observed asymmetry from all lepton sources and backgrounds. Fig. 11 shows a 
comparison of the lepton momentum and transverse momentum distributions between 
data and Monte Carlo separately for electrons and muons. 

The preliminary result combining all our 1993 through 1995 muon and electron data 
is given below. 

Ab = 0.87 f 0.07 (stat) f 0.08 (syst) 
AC = ($44 f 0.11 (stat) f 0.13 (syst). 

A summary of the systematic errors and their sources are given in Table 3. 

Table 3 

6Ab 6Ac - 
0.004 0.016 
0.010 0.026 
0.003 0.030 
0.002 0.015 
0.003 0.023 
0.008 0.008 
0.037 0.042 
0.011 0.006 
0.008 0.040 
0.078 0.132 

Note that the systematic errors have begun to dominate the overall errors. In 
particular, systematic errors in semileptonic branching ratios produce a large 
contribution. Better knowledge in this area will lead to improvements in the final 
result. 

Self-Calibrated Ab Measurement Using a Lifetime Tag and Momentum- 
Weighted Track Charge 

The analysis utilizes an impact parameter tag to select an enriched sample of Z + bb 
events.9 The direction of the primary b quark is determined by use of the net 
momentum-weighted track charge, a method first suggested by Feynman and Field, to 
assign the charge of the b quark.10 An improved calibration technique reduces the 
model dependence involved in determining the analysis power of the momentum- 
weighted track charge method.1 ** I2 
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B events from the hadronic decay sample are tagged using tracking information from 
both the CDC and theVXD. The tracks were projected onto the plane perpendicular to 
the beam axis and the impact parameter measured relative to the IP. The distribution 
of the normalized two-dimensional impact parameter is shown in Fig. 12. 

Figure 12. Distribution of the normalized impact parameter, d/o& 

B events are required to have 2 3 tracks at 30 in the two-dimensional impact 
parameter. This requirement is 61% efficient for tagging b events, giving a sample 
that is 89% pure. The event composition versus the number of tagging tracks at 30 is 
summarized in Fig. 13. 

Next, the event is divided into two hemispheres along the thrust axis. The hemisphere 
momentum-weighted track charge difference is formed: 

Here, I? is the thrust axis while qi and pi are the particle’s charge and momentum, 
respectively. When ati is > 0, ? is taken to be the b quark direction. K is chosen so 
as to maximize the expression’s sensitivity to the b quark direction and is set to the 
value of 0.5 for this analysis. Fig. 14 shows a comparison of the lQdal distribution 
between data and Monte Carlo. 
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Figure 13. Event composition versus the number of tagging tracks at 30. 

IQdal 

Figure 14. Comparison of the momentum-weighted 
charge lQd,fil between data and Monte Carlo. 
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In order to extract Ab, a maximum likelihood fit is made to the b sample using the 
following probability distribution for each event i: 

$ 

L 

0, W ’:wm,.~ - I)(1 - A&(cos~,)) + 

pi=1+cos~ei+2cos6i f~Ac(2P~o,, - 1)(1 - AcpcD(cos 0,)) + . 
- .2< 

(I- f; - f:a+fwL~.*,, - 1) I 

The terms in the expression for the probability distribution include corrections, AQC-, 
for QCD effects that cause the direction of the final jet to differ from the initial 
direction of the quark, and the estimated asymmetry, Ar,+,, from Iii, dd, and s6 
decays of the Z. At is the asymmetry in the electron coupling to the Z, Pj is the 
polarization of the electron beam when the particular event was recorded, and f&, is 
the probability that the particular event was a Z + I& (cc) decay. f& is 
parameterized as a function of the number of tracks missing the origin by 3~. F’&,,b 

and P:o,.c are the probabilities that the weighted momentum method has made the 
correct sign determination. Fig. 15 demonstrates that the sign determination is . 
effective, showing the angular distribution of the signed thrust axis separately for left- 
and right-handed electron polarization. 

co&+ 

*I 

Right 
l 1994-E 

0 1993 

SLD Preliminary 
YYJIIIIIIIIII 

-0.5 0 0.6 

case, 

P:mea.b and p:om .c are evaluated as a function of l&l. Both can be estimated from 

Monte Carlo, but Pioma.b can also be obtained from the data by using the information 
contained in the distribution of the difference of the hemisphere charges, &, 
defined above and in the distribution of the sum of the hemisphere charges, Q,, 
defined below: 

The relevant quantities are found in the widths of the distributions of Q, and &. a, 
and ad@. Q, and aU are observables that are equivalent to the sum and difference of 
the momentum-weighted charges in the b-quark hemisphere, Qs, and in the huark 
hemisphere, Q,: 

Q,=Q+& 
& = Qb - Q,. 

P’ co,no.b is the fraction of time that rl, c 0 as a function of larl. With the 
assumption that the two hemisphere distributions areGaussian and uncorrelated. the 
probability that the determination of the b-quark direction is correct is given by 

where a is a function of cr, and Ok: 

2 2a,,-, 
K-7 0, a= 

** . 

This expression is modified by hemisphere charge correlations due to overall charge 
conservation in the hadronization process and tracks which migrate from one 
hemisphere to the other. The result is a distortion of the joint probability of the two 
hemispheres from a circular Gaussian to a Gaussian ellipsoid, as illustrated in Fig. 16. 

Figure 15. Distribution of the signed thrust axis in the 1993-1995 data sample. 
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Qb 

r Figure 16. Effect of interhemispherecorrelations on the 
momentum-weighted charge distributions. 

The effect can be parameter&d and a new expression for a obtained which accounts 
for the correlation: 

a=+(&-I) 
(l+;l)a, . 

A comparison between the values for a, a,. and uda for data and Monte Carlo are 
shown below. Note that 1 is obtained from the Monte Carlo only. 

Table 4 

o&L7 4.205 + 0.027 4.345 z!I 0.01 I 
1 0.029 
a 0.253 zk 0.013 0.245 + 0.005 

The value for Ab obtained from the maximum likelihood lit is given below: 

Ab = 0.843 + 0.046 (stat) +- 0.051 (sys). 

The value is consistent with that expected for the SM. As can be seen from the final 
result, the measurement is limited by systematic errors. The systematics are 
dominated by the limitations of the sell&libration technique, first in the statistics of 
the data used to calculate a, and second by our ability to calculate the effect of 
hemisphere charge correlations. A conservative estimate of the systematics due to our 
knowledge of the effects of charge correlations has been arrived at by varying the 

fragmentation models employed in the Monte Carlo analysis; these include the 
JETSET string fragmentation model, the HERWIG 5.7 generator, and the 
independent fragmentation model. The range of variation among the models has been 
used for the range of error. 

The systematic errors are summarized below. The uncertainty due to the an 
calibration statistics will improve with larger data samples. Increased statistics and 
improved b selection criteria will also reduce the uncertainty due to the b-tag flavor 
composition. The issue of the hemisphere charge correlation will require further study 
before improvements can be made in the final result. 

Table 5 

Systematic Source I SAdAb 
I ah calibration statistics 

hemisphere charge correlation 
light flavor subtraction 

~7: analyzing power 
b-tag flavor composition 

AC = 0.67 + 0.07 

I ‘Total Systematrc I 

A New Measurement of Ab with Tagged K* 

The analysis employs the fact that in the decay sequence fi + D -B R, the identity of 
the b quark is given by the charge of the final state kaon.13 Charged kaons are 
identified using the gas radiator of the SLD CRID. The analysis proceeds by selecting 
b events from the hadronic Z-decay sample using the two-dimensional impact 
parameter tag of the previous section. Events are then divided into hemispheres; in 
each hemisphere, tracks in the momentum range 3 < p c 20 GeV/c with an impact 
parameter in the r$ plane > 1.5 u are selected. 

These tracks are subjected to particle identification criteria which correspond to a K: 
rt efficiency ratio of - I2 : I. An event kaon charge sum is formed for the two event 
hemispheres: 

Hlni-t Heni- 
Q6= cQ,- EQr 

If Qr is less than zero, then the direction of hemisphere I is used for the direction of 
the b quark. Monte Carlo studies show that of the b events tagged by the impact 
parameter b tag, 30% will have a value of Q, that is nonzero, and hence have the 
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direction of the b quark determined. Furthermore, of these events, 71% have the b 
quark direction assigned correctly. 

The operation of the CRID detector is covered in the talk by R. Plano in these 
proceedings (see also Ref. [14]). As an example of the quality of the GRID particle ID 
information, Fig. 17 shows the Cherenkov radius vs. particle momentum for a small 
sample of tracks in the detector. The tagging efficiency of the CRID detector is 
calibrated by the use of ‘E decays to find the probability that a pion could be 
misidentified as a kaon. One- and three-prong T decays provide a sample of pions 
(electrons and muons are not distinguished from pions) with a small, but well-known, 
K admixture. This study shows that 75% of the final candidates are kaons. 

CRD Gas Rings 

0 10 20 30 

Momentum (G&‘/c) 

Figure 17. The measured Cherenkov radius versus particle momentum. 

Figure 18 shows a comparison of the number of kaons per event for data and Monte 
Carlo. As a consistency check, one can compute the fraction of events with both 
hemispheres signed by kaons that have opposite sign. This is a good test of how well 
we understand the b quark correct signing probability. For data, this fraction is 62.4 f 
2.95, which can be compared to the value for Monte Carlo, 61.9 f 1.5%. With a 
larger data sample, the number of single and double hemisphere tags can be used to 

calibrate the b quark direction tagging efficiency in a fashion similar to the analysis 
that extracted the b quark identification efficiency in the measurement of Rb. 

x103 

8 

6 

2 

No. of Kaons I Event 

0 
0 2 4 6 

Nk 

Figure 18. The number of kaons per event for data (points) and Monte Carlo 
(histogram). 

The background subtracted asymmetry Ah -cDn is formed as a function of co&. Monte 

Carlo b events are processed through the same analysis to form A&c. The value for the 

Ab measurement is obtained by scaling .$,c to tit the data; the result is shown in Fig. 
19. The fit effectively includes QCD corrections as in the JETSET MC. The 
preliminary K-tag result for Ab is 

Ab = 0.91 f 0.09 (stat) f 0.09 (sys). 
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Figure 19. Distribution of the signed left-right fonuard-backward asymmetry. 

A preliminary estimate of the systematics is given in Table 6. It should be noted that 
the majority of the detector and physics systematics associated with the uncertainty of 
the b event analyzing power can be understood with a calibration from the double- 
hemisphere charge comparison when statistics are sufficient for the task. 

Table 6 

Systematic Source 
kaon mis-id. 

tracking efficiency 
MC statistics 

B production/mixing 
B+Dmodel 

B vertex K yield 
charm decay K yield 

uds K production 
b, c fragmentation 

tag composition 
Ac = 0.666 f 0.070 
beam polarization 

Total Systematic 

zb6 Coupling Parity-violation versus 6 sin’ 6f 

The preliminary SLD measurements presented here have been combined with a 
simultaneous fit to Ah and Ac. taking into account the systematic correlations 
between measurements. The combined SLD results are Ab = 0.858 i: 0.054 and Ac = 
0.577 + 0.097, with a 12.3% Ab, Ac correlation. The SM predictions are Ab = 0.935 
and Ac = 0.666. These results can be compared with the average LEP measurements: 
Ab = 0.884 f 0.032 and Ac = 0.642 f 0.053, which are derived from the LEP A:; 
and A$ resultsts using Ae = 0.1506 f 0.0028 from a combination of the SLD &R 
and LEP A& 

Fig. 20 shows the complementary nature of a direct measurement of Ab to the 
electroweak measurements of sin’ Wi and A,&. The plot is made according to the 
scheme proposed by Takeuchi et al.16, which is discussed more fully in the review by 
M. Swartz in these proceedings. The deviations from the SM can be represented as a 
cross-section-like variable, eb, and a parity-violation-like variable, <b, in addition to 
Ssin*@. The allowed <b versus Gsin * a bands for a number of current @, 
experimental results are shown in Fig. 20. The SM point at (0,O) is defined by mt = 
180 GeV/c*, mH = 300 GeV/cz, as = 0.117, and em = l/128.96. The thin horizontal 
band around (0.0) corresponds to the SM mt, mH variations as indicated on the plot. 
The 68% and 90% CL contours for the best fit to all measurements are also shown. 

Standard Model: 

&sin *Bw 

Figure 20. zb6 coupling parity violation versus Ssin’ et. 
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