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ABSTRACT 

We present a new measurement of Rb = I'ZO+b~/I'z.+i,a,irons using a 
lifetime double tag on 150k hadronic 2" events collected from the 
SLD 1993 and 1994 tuns. The method utilizes the high precision 3- 
D position measurements provided by the CCD vertex detector and 
the small stable SLC beams to obtain a b hemisphere tagging effi- 
ciency of 31% for a purity of 94%. The bhemisphere tagging ef- 
ficiency is measured from the data reducing dependence on the B- 
decay model and detector simulation. We obtain a result of & = 
0.2171 f 0.0040stotistico~ f 0.0037aystematic f 0.0023~~. 
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1 Introduction 

Significant top mass dependent radiative corrections to the cross-section for Zo -t b3 
are expected. In this cross-section, the vertex corrections are obscured by oblique 
corrections(1oop corrections to the  propagztor). The vertex corrections may be iso- 
lated by taking the ratio of the Zo -t bb cross-section to other cross-sections for 
hadronic decays of the 2'. In these ratios the oblique corrections mostly can- 
cel while the vertex corrections remain. Experimentally, the best ratio to  use is 
r ( Z 0  -t bq/I'(Zo --t hadrons). Most experimental uncertainties cancel in the ratio 
allowing possible new physics signals to be observed. Using the current top mass 
measurements from CDF(176 f 8 f 10 GeV/c2)[1] and DO(199Z:Y f 22 GeV/c2)[2] 
one expects a change of - -1 t o  -2% in Rb from the massless top quark value of 
0.2193[3]. LEP has made measurements of Rb using several techniques[9]. and their 
current average is 1.80 high compared to the Standard Model[3]. It is therefore in- 
teresting to measure & with a separate experimental apparatus as part of the effort 
to achieve increased precision on this important measurement. 

During the 1994 run of the SLAC Large Detector(SLD), lOOK Zo decays were 
collected. This has allowed the use of a hemisphere b-tagging technique to obtain a 
more precise measurement of Ra = .-. Hemispheres are b-tagged by cutting 
on the probability that the t racks  within a hemisphere are consistent with coming 
from the primary vertex. The rates of tagging one and both hemispheres in an event 
are used to simultaneously measure the b-tagging efficiency and Rb. We begin by 
describing the experimental apparatus followed by details of the analysis and results 
obtained. 

2 The SLAC Large Detector 

Observations of the Zo decay products are made using the SLD. The detector com- 
ponents relevant to this analysis include: the liquid argon calorimeter(LAC) for mea- 
suring energy flow[7]; the central  drift chamber(CDC) for charged track identification 
and momentum measurements[5]; and a CCD pixel vertex detector(VXD) for precise 
position measurements near the interaction point[6]. The tracking and calorimeter 
systems are used by the analysis presented here and will be briefly discussed. 

The LAC consists of a barrel section covering I cos 81 < 0.84 and endcaps 
covering 0.82 < I cos 81 < 0.98 for the full azimuthal range. The energy resolution of 
the calorimeter barrel for electromagnetic showers of energy E is 5 = and 

-J$& for hadronic showers. 

The tracking systems (CDC and VXD) provide impact parameter resolutions 
of 76 pm in the rd view and 80 pm in the r z  view for 1 GeV/c tracks at cos8 = 0. 
The impact parameter resolution for high momentum tracks is determined from the 
two track miss distance using Zo p+p- events. The single track impact parameter 
resolution is found to  be 11 pm in the rd view and 38pm in the rz  view. The 



momentum resolution for the combined CDC and VXD track fit is e = 0.01 @ 
0.0026 p ~ .  Details of the SLD and tracking performance may be found in Ref. [8] 
and Ref. [4]. 

2.1 Event Selection 

To decrease contamination from non-hadronic interactions and to ensure the relevant 
detector components a re  fully operational on a given event the following criteria are 
placed on events passing the event trigger. The visible energy in events as mea- 
sured from charged tracks must exceed 18 GeV. The thrust axis, determined from 
calorimeter clusters, is required to be in IcosO1 < 0.71 which is well within the VXD 
acceptance. At least 7 CDC tracks are required to be present to assist in eliminating 
77 and r+r- events. A t  least one CDC track must have hits from the first or second 
CDC layer to ensure tha t  the high voltage to these layers is on. At least three tracks 
with two or more VXD hits must be found. 

Data from the 1993 and 1994 SLD runs and corresponding Monte Carlo are 
used. To reduce the systematic uncertainty coming from the statistical uncertainty 
on the hemisphere correlation, extra bz samples were generated. A total of 71k data 
events, and from the Monte Carlo 142k bz, 35K ci?, and 122k uds events passing the 
event selection are used for the analysis. 

2.2 Track Selection 

Poorly measured tracks and tracks resulting both from interactions with the detector 
material and from long lived particle decays often have large impact parameters that 
can lead to contamination of the b-tagging signal. These tracks are efficiently removed 
by requirements on the measured production point of the tracks and by identifying 
and removing long lived neutral particles that decay into a pair of tracks (Vo)  before 
leaving the track detection region. 

Well measured tracks are selected by requiring that the CDC track start at 
radius < 39.0 cm, and has > 40 hits. The CDC track is required to extrapolate to 
within 1 cm of the ( IP)  in zy,  and within 1.5 cm of the PV in z to eliminate tracks 
from interaction with the detector material and poorly measured tracks. The fit of 
the CDC track must also satisfy X2/d.o.f. < 5. At least one VXD hitis, requirsd, , 

and the combined CDC/VXD fit must satisfy x2/d.o.f. < 5. Tracks with .iy ;&p& C 
parameter errors > 250 pm, or with xy impact parameters > 3.0 mm with respect 
to the ( I P )  are removed. The impact parameter error cut acts bQth:.z$ a,q$ali@@ 
cut and an effective minimum momentum cut. The impact parameter cut assists 
in removing poorly measured tracks and long-lived strange particle decay progucts,c . *-> 
gamma conversion and nuclear interaction products., A cut on the 3-D distaxice 'of 
closest approach of the track to the jet axis(6j) and on the distance from the primary 
vertex to the point on the jet at which the track is closest(Pj) are used. These 
quantities are illustrated in Fig. 1. A cut of 16a on 6jet/a(6jet) and a cut of 5 cm on 
Pj results in 92% of the b decay tracks being kept but only 45% of the tracks from 
long lived particle decays still remain. 

3 Tracking Efficiency and Resolution Corrections 

The Monte Carlo is corrected to yield the proper fraction of quality tracks by system- 
atically removing tracks according to  the discrepancy between data and Monte Carlo 
on the fraction of CDC tracks classified as good and on t h e  CDC to VXD linking rate 
for the good CDC tracks. The correction is performed b y  determining the difference 
between data and Monte Carlo on the quality track multiplicity fraction in ranges of 
p ~ ,  cosB, 4, and the angle with respect to jet direction for CDC tracks and in the 
difference in fraction of good CDC tracks that link to VXD hits in ranges of p ,  cod, 
and 4. About 4% of the Monte Carlo tracks are removed to correct for both the good 
CDC and linking fractions. 

Tracks that appear not to come from the primary vertex can be eliminated 
from the impact parameter distributions. The resulting distribution is indicative of 
the convolution of the detector resolution and the primary vertex resolution. This 
distribution is called the negative impact parameter distribution. The negative impact 
parameter distribution from the data and the Monte Carlo are compared in the r4 
and r z  projections to determine the residual amount of resolution degradation to be 
applied to the Monte Carlo. The zy impact parameter distributions match well and 
no resolution corrections were required. In T Z  the width of the Gaussian degradation 
function needed to obtain the best match of the Monte Carlo core with the data 
was determined to be %. No adjustment for the non-Gaussian tail was required. 
Systematic 4 dependent shifts of the track z at the zy point of closest approach (zdoca) 
with magnitudes typically around f 2 0 p m  were observed in the data and are applied 
to the Zdoc,, of the Monte Carlo tracks. After the resolution and efficiency corrections 
have been applied the comparison of the Monte Carlo a n d  data for the significance 
variable, X(see Sect. 4), is as shown in Fig. 3. 

4 b-Tagging Procedure 

The measurement is performed in a manner similar to tha t  outlined by ALEPH[9]. 
To tag a hemisphere one starts by forming a probability that each track is consistent 
with coming from the primary vertex. This is done b y  using the minimized 3-D 
normalized impact parameterso() of the tracks. This quantity is signed negative if 
the 3-D point of closest approach between the track and the jet axis is behind the 
measured primary vertex position. A resolution function(R) is parameterized to fit 
the -x distribution of tracks in Monte Carlo uds events. From this, the integral 
probability that a track is consistent with coming from the primary vertex position is 
determined. Then, these probabilities are combined to form the integral probability 
that the collection of tracks in a hemisphere are consistent with all coming from the 
primary vertex. A hemisphere is then tagged by requiring that the probability for 
the hemisphere is below a cut. 

2 3 
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x l = H = l / p l  = curvature 
xz=s=tun(X) = tangent of dip angle 
x3=(=(POCAx - PV,)sind - (POCA, - PV,)cos4 
z4=v=(z at POCA,, - PV,)cosX 

Table 1: Track helix parameter definitions. 

4.1 The Minimized 3-D Impact Parameter(X) 

The tag variable, x, is effectively the minimal value obtained on the track trajectory 
for the quantity 

Y - Y P V  z-zzpv 
6 = (- )2 + ( 7 1 2  +(- a, 

3D \i ~ - x p v ) 2  Ox 

where (2, y ,  z )  represent a position on the  track trajectory, ( I ,  y, z )pv  represent the 
measured primary vertex position and a,,,,, are the impact parameter uncertainties. 
Using the full 3-D information makes the tag variable a more sensitive measure of the 
lifetime. In this section, the procedure by which x is determined, and the signing of 
x will be described. 

The tag variable, x, is the contribution to the fit quality of a track from adding 
the  primary vertex as an extra track h i t  with its corresponding position uncertainties. 
The  uncertainty in the primary vertex position was determined from the individual 
procedures for measuring the zy and z of the primary vertex position described in 
Ref. [4]. The procedure for determining x y  position uses an average over tracks in 
many hadronic events. The result ,is tha t  there is no degradation of the s y  position 
resolution for b6 events compared to  light flavor events. The z position is determined 
event to event from tracks consistent with the x y  primary vertex position. The 
primary vertex position uncertainty is determined to be upv= (7pm,7pm,38pm). 

This is then used to modify the error matrix from the CDC+VXD track fit as 
follows: 

x2 = (6 - q+v-y7% - 5) + X i / U ( , (  + x:/u,,, 
where 

0 x=vector of new track parameters defined in Table 1. 

0 m=vector of original measured track parameters 

0 V-'=inverse of the original track error matrix 

0 ut,(=variance of ( from uncertainty in measured primary vertex position 

0 u,,,=variance of 7 from uncertainty in measured primary vertex position 

P O C A i  and P K  are the ith components of the rd point of closest approach and 
primary vertex position respectively. 

Next, the track parameters are recalculated using the new error  matrix, which 
includes the primary vertex, by minimizing the x2 with respect to each parameter as 
follows: 

The new error matrix V;: is: V-' except 

<Tinew = <>' + 1/ut,e and K T k e w  = V6;' + 1Iav.v 
The new track parameters are then obtained from: 

z = vnew * v-1 x 6 
Once  this has been done the x2 coming from the contribution of the primary vertex 
is calculated from Eqn. 1 .  

0 -  

Primary 
Vertex v Jet Axis 

I b 
I L --p;- -Pa 

J 

Figure 1: The signing of x. 

The x is signed by whether the track passes closest to the j e t  axis it is associ- 
ated with in front(positive) or behind(negative) the primary vertex. This is the sign 
of Pj in Fig. 1. The signed x distributions for Monte Carlo and data are shown in 
Fig. 2. 

4.2 Forming Track and Hemisphere Probabilities 

From the x for the track, the probability that the track is consistent wi th  coming from 
background events is determined. This is accomplished by fitting the Monte Carlo 
uds distribution of x to a resolution function as shown in Fig. 4. The resolution 
function(Ro()) is formed from a factor of x to account for phase space multiplied by 
Gaussians for describing the core and exponentials for describing the tails. The prob- 
ability (PLrack) that one will measure the same x or worse is given by R/ f!- R. 
The probability is then assigned the same sign as that of the associated x. The 
resolution function is: 
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Figure 2: Data and Monte Carlo distributions of x. 

where the  pi variables are the parameters that are fitted. The -x distribution for 
light quark events along with the fitted resolution function is shown in Fig. 4. The 
distributions of the probabilities for the tracks are shown in Fig. 5. Since the proba- 
bilities are derived from the uds distribution one expects the probability distribution 
for uds events to be flat; in sharp contrast, the tracks from b events exhibit a large 
peak near low probability for being consistent with the primary vertex. This is due 
to tracks from the &decay vertex that have large impacts with respect to the primary 
vertex. The tails are due to fragmentation tracks. 

The  probability that the group of tracks belonging to a hemisphere are consis- 
tent with coming from the primary vertex is formed from the product of the positive 
track probabilities within the hemisphere (Phemi = n2Tk' Plrr,&). From this the 
integral probability which expresses the chance that a larger x2 corresponding to the 
set of tracks would be measured is calculated. Since one is dealing with small samples, 
the Poisson x2 probability distribution[lO] is used: 

where x2/2 = - In(Phemi)  and u is the number of degrees of freedom. For each track 
there aze two degrees of freedom E and 7. Putting in the values for x2 and v one gets: 

I 

8 2  

5 1.3 
8 1.23 

g 1.79 

I 
0.75 

0: t,, , , , , , , , , , , , , , , , , , , , , , , , , , . , , , ,I 
411 -16 -14 -11 4 0  4 4 4 -1 0 

y. oftrnck tlt to PV x 

Figure 3: Comparison of the 3-D signifi- 
cance variable x between da ta  and Monte 
Carlo for tracks whose point of closest ap- 
proach to the jet access is behind the pri- 
mary vertex. Efficiency and minor resolution 
corrections have been applied. 

Figure 4: Negative x distribution for tracks 
in uds events overlayed with the fit of the 
resolution function. 

The distribution of these hemisphere probabilities for different flavor events in  
the Monte Carlo are shown in Fig. 6. As lower probability cuts are required the b 
content of the tagged sample is greatly enhanced relative to the other flavors. Note 
that on the scale of -In(IZ,,emisphere), as one goes to higher values (to the right) one 
is requiring that the tracks in  the  hemisphere be less likely to be consistent with the 
primary vertex. 

4.3 Determining Rb from Tag Counts 

A hemisphere is tagged by requiring that the probability for the hemisphere &mi c 
Pat. In the analysis the number of hemisphere tagged (single tags) and number 
of events with both hemispheres tagged (double tags) are used to simultaneously 
measure cb and Rb. As with t h e  derivation of Rg from the event tag one begins by 
expressing the net tag count in terms of the efficiencies for each of the flavor samples 
and the number of events in the untagged sample. The number of tagged hemispheres 
is given by: 
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Figure 5: Distribution of tracks probabil- 
ities for consistency with coming from the 
primary vertex for b, c and uds events. 
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Figure 6: Distribution of hemisphere prob- 
abilities for b, c and uds flavored events. 

nhemi = fbnb + ecnc + cudsnuds 

There is an additional equation for the tag count for the case where both hemispheres 
are tagged with the corresponding efficiencies for tagging both hemispheres as a func- 
tion of the flavor. The number of double tagged hemisphere is given by: 

( 2 )  

If no correlation existed between the hemispheres then cpoubfe = E:. The degree 
of correlation between the hemisphere should express the difference between these two 
quantities. The correlation, A, is derived from the standard formula: 

< xy > - < x >< y > A =  d(< 22 > - < x >< x >)(< y2 > - < y >< y >) 

with the variables x and y being 0 (Pat - P) (Le. 1 if the hemisphere passes the  tag, 
0 otherwise) for the first and second hemispheres respectively. The average of either 
variable (x or y) is the hemisphere tagging efficiency. The same is true for the square 
of the variables. The average of the product of the variables is the double hemisphere 
tagging efficiency. Thus, one gets: 

The terms in Eqn. 2 and 3 for the tag count can be rearranged so that 
everything is expressed in terms of the single hemisphere tag efficiencies and the 
correlation. Due to the low efficiency for tagging c and uds events and since the 
hemisphere correlations will be small, the A, and are second order terms that 
may be dropped. The expression for the number of double tagged events is then: 

can be solved for with the dependence on cb removed by combin- 
ing the equations for the number of single hemisphere tags and double hemisphere 
tagged events. For Rb this yields: 

Rb = n,,,LOn 

(4) 
(Fs - Rc(G - cuds )  - Rb = 

Fd - & ( € E  - -k C:ds - 2F~cuds  - AbRb(cb - '$) 
where Fs,d= fraction of hemisphere single(s) and event double(d) tags. For c b  the 
corresponding equation is: 

These equations are coupled through the correlation terms and must be solved 
iteratively. 

To determine the inputs, a 2-D histogram of the -hglO&emi of one hemisphere 
versus the other for b, c and uds events a n d  data are used to determine the single 
and double hemisphere tagging efficiencies and tagging fractions. For each of the 
systematics studied a corresponding set of 2-D histograms is used. 

4.4 Statistical Uncertainties with Correlation Effects Included 

Correlation contributions are included in  the estimation of the statistical uncertain- 
ties. The tag counts are separated into three independent categories; the count of 
events with both hemispheres are tagged(n2), only one is tagged(nl), and where nei- 
ther are tagged(n0). The counts for each case are then varied by their statistical 
error and the corresponding tag fraction or efficiencies are recalculated. The result- 
ing changes in Rb are combined in quadrature to obtain the Rb statistical uncertainty. 
The statistical uncertainties on Rb and ePta  are shown in Fig. 7 and Fig. 8 versus 
the hemisphere probability cut. 

A, = ebfe - 
E, - c; 
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Figure 7: Statistical uncertainties in Rb. Figure 8: Statistical uncertainties in Eb. 

Variation Applied 

Peterson (2,) = 0.695 st 0.021 
7.8 f 3.0% 

TBmeson = 1.55 f 0.10 PS,'J-Bbaryon = 1.10 f 0.30 PS 

f 6 %  absolute I 
I f0.25 tracks per B decay 

5 Measurement Results 

The b-tagging purity(IIb) versus Eb performance of the &tag is shown in Fig. 10. The 
b-tag performance for the hemispheres versus I Ikemi  is shown in Fig. 9. Note that the 
estimated and measured b-tagging efficiencies agree well over the whole probability 
range. Deviations between these values would indicate either incorrect physics simula- 
tion or detector resolution simulation. These efficiencies along with the bhemisphere 
correlations measured from the Monte Carlo and the single and double hemisphere 
tagging fractions in data collected from the 1993 and 1994 SLD runs yield the Rb 
values shown in Fig. 11. The results have been corrected for the event selection bias. 

6 Systematics 

The systematics come from correlation uncertainties, c tagging efficiency and uds 
tagging efficiency uncertainties. These systematics are described below: 

6.1 Physics Systematics 

e Corre la t ion  Systematics 
T h e  bphysics systematics enter only indirectly through the correlation estima- 
t ion since the b-tagging efficiency is simultaneously measured from the data. 
T h e  variations applied to the B-simulation parameters to determine the sys- 
tematics are shown in Table 2. The results are shown in Fig. 12. 

e Charm systematics 
T h e  variations applied to the charm physics modelling parameters are shown in 

r-T- -T- 

-T- 

-log,,,(Hemisphere Probability Cut) 

Figure 9: 6-tag dependence on hemisphere probability cut. 

Table 3. As is shown in Fig. 12, the largest contribution to the total uncertainty 
comes from the estimation of the charm tagging efficiency. This is expected as 
it has the largest tagging efficiency not measured from the data. The largest 
contribution is from the uncertainty in the charm fragmentation. Comparable 
in magnitude to this is the rate at which D+s are produced in c events relative 
to other charmed hadrons. As expected, the Dt contribution dominates over 
the others due to is significantly longer lifetime. 

O R ,  
There is a correlation of Rb with R, of -0.11. The current uncertainty on R, 
of 10% gives the systematic from R, shown in Fig. 12. 
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Figure 10: SLD &tag performance. 
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Figure 11: &I, from the lifetime probability tag versus the hemisphere probability cut. 

Light Quark Sys temat ics  
As the efficiency for tagging light quarks is very small relative to E ,  the light 
quark systematic contributions are likewise small despite the factor of 3 greater 
production. The variations applied are shown in Table 3 and the resulting 
changes in Rb are shown in Fig. 12. All of the light quark systematics are well 
under 1%. Due to concern about the lack of knowledge about gluon splitting 
in light quark events and the potential sensitivity that this measurement might 
have to it the amount has been varied by 100%. 
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O 1  

Figure 12: Physics contributions to the uncertainty in Rb versus the  hemisphere probability 
cut. 

6.2 Detector Systematics 

The detector systematics include tracking efficiency and resolution corrections. The 
effects of these on Rb and E ,  are shown in Fig. 13 as a function of the hemisphere 
probability cut. Other contributions coming from tails on the primary vertex position 
measurement and from Vo rejection are not included in this plot and are only given 
at the optimal probability cut. 

Impact Resolution Systematics 
The full amount of the change caused by the smearing corrections described 
in Sect. 3 is taken as the systematic. In Fig. 14 this uncertainty is shown as 
strongly decreasing with tighter cuts. This is due directly to the decrease in E ,  
with tighter cuts. 
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Figure 13: Uncertainties in Rb from effi- Figure 14: Uncertainties in E, from efficiency 
ciency and smearing corrections. and smearing corrections. 

0 Tracking Efficiency Corrections 
To estimate the systematic error associated with the p l ,  q3 and cos0 dependence 
of the track efficiency corrections, the  change in Rb when it is remeasured with 
these dependencies averaged out relative to the nominal Rb result is used. The 
resulting variations in Rb are summed in quadrature. The dominant contribu- 
tion comes from the 0.4 track per event variation. The uncertainty in ec caused 
by the efficiency uncertainties is shown in Fig. 14. 

0 Pr imary  Vertex Position 
The measurement was repeated with the non-Gaussian primary vertex position 
tails added as described in Ref. [4]. A t  the optimal cut of the resulting 
variation is 0.3% and is taken as the systematic. 

0 Vo rejection 
The measurement was reperformed with the V o  rejection removed. At the 

Figure 15: Rb systematic uncertainties 
versus hemisphere ,probability cut. 

optimal cut of the total change was 0.9%. 

A general feature of all of the physics and smearing systematics is that they 
decrease with tighter tagging requirements. What prevents one from using a very 
tight cut are the  contributions from the statistical uncertainties. This is promising 
as it implies that with more data both statistics and systematics will decrease as one 
can move towards tighter cuts. An optimal set of cuts having the highest combined 
(statistical plus systematic) precision can always be found. 

6.3 Verilications 

The result is  checked for sensitivity to,cuts, consistency between inputs from the 
individual data taking periods used, and any geometrical effects. Furthermore, at- 
tempts at independently determining the contributions to the correlation systematics 
are made. 

0.3.1 Sensitivity to Cuts  

Variations in the Rb result versus the probability cut would indicate simulation prob- 
lems. Deviations from the central at low probability cuts would suggest a problem 
with the charm or detector simulation. Deviations at high probability cuts would 
suggest problems with the tracking efficiency simulation. As can be seen from Fig. 
11 no significant deviations outside of the statistical plus systematic error bars are 
observed. 
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Figure 17: Distributions used to determine 
component of the correlation from the polar 
angles of the B-hadrons. 

Figure 18: Distributions used to determine 
primary vertex z correlation component. 

No correlation in 4 is expected as the detector is nearly axially uniform. It 
is both a check for whether an error is causing a correlation to be seen where 
there isn’t one and any unexpected detector defects. No correlation in the 4 
component is observed. 

Poor beam position measurements can lead to both quarks going into the same 
hemisphere which would give a negative correlation and can also cause the 
probability for tracks in both hemisphere to be consistent with the primary 
vertex to be low thus causing both to tag and a positive correlation. This is 
clearly seen for the dependence on the longitudinal position shown in Fig. 18. 

Theoretically, there is not an obvious means by which the lifetimeof the hadrons 
in the separate hemispheres may communicate with each other except through 
erroneous beam positions. Since the 78 influence on the resolution of the pri- 
mary vertex position is small for SLD, this component is expected to be small. 
At the cut for which the result is given, this correlation is negligible. 

0 components f rom poorly measured beam posit ions 

0 B-lifetime component 

0 B-momentum sum 
The B-momentum sum variable is designed to account for gluon activity in the 
event. The variable is chosen to be: 

(9) 

where H is the axis for the corresponding hemisphere. In the case where both 
B’s go into the same hemisphere the value of IvI will be large and the hemisphere 

for which it is positive should have a high probability of tagging while the other 
has a negligible chance of being tagged. The result is a negative correlation 
between the hemispheres. 

The B-momentum measures correlations from the fragmentation process. Here, 
the variable u is the momentum of the B-hadron for each hemisphere when they 
have gone into separate hemispheres. 

0 B-momentum 

A D momentum sum 
a cane of D hndmn 
A Bmomenlum 
0 ComponcnlSvm 

=: 0.01 

A D momenlum sum 
0 cost3 of D hndmn 
A Dmomentum 
0 Component Sum 
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Figure 19: Correlation components esti- Figure 20: Correlation components esti- 
mated from the data. mated from the Monte Carlo. 

The total correlation along with its components are shown in Fig. 16. The ma- 
jority of the components show a positive correlation between the hemispheres. These 
are balanced by the large negative component from the gluon activity represented by 
the B-momentum sum. 

The total correlation and t h e  sum of the correlation components are consistent 
within errors. Thus, there is no evidence that any large unexpected systematics 
entering through the correlation exist. These tests have been performed using only 
the Monte Carlo. A check of the correlation simulation was performed as described 
in the following section. 

6.4 Check of correlation components from data 

An approximation of the correlation components is obtained from the data. The truth 
information for the B-hadron directions is replaced with the directions of the highest 
momentum jets and the true B-hadron momenta are replaced with the momenta of 
the jets. With these replacements the correlations can be determined from the data 
and may be compared to those obtained from a properly flavor mixed Monte Carlo 

I 
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sample. To reduce the contamination from light quark events, events are required 
to have at least three tracks with 3-D impact parameter significance greater than 
3.0. The b-dciency of this event tag is 72% and the b-purity is 85%. The resulting 
correlation components are shown in figures 19 and 20. Certain correlations such as 
the displacement of the measured from the true primary vertex positions could not 
be approximated. Also, the cos0 correlation is reduced by performing the event tag. 
However, the expected features are seen. The cos6 component is positive and larger 
than the B-momentum component and the gluon activity from the B-momentum 
sum appears to be the largest contributor to the correlation. 

The Monte Carlo appears to underestimate the gluon activity by -3%. Increas- 
ing the true B-momentum sum correlation by 3% causes a change in the correlation 
sum of 1.6 x The change in RI, from this variation in the  correlation is 0.3%. 

Systematic 
TB 
B + D  

6.5 Summary of Systematics 

&/& Systematic 6Rb/Rb 
<0.1% B-decay multiplicity 0.1% 
<0.1% b fragmentation 0.3% 

The curves showing all detector, physics and R, systematic and  statistical uncertain- 
ties are displayed in Fig. 15. The contributions from the systematics on eC cause 
greater uncertainty at looser tag cuts while the statistical uncertainties start to dom- 
inate for tighter cuts. The minimum combined systematic occurs at -lOg&,cmi = 

At this cut the combined uncertainty from all sources is 6Rb = 2.7%. 

c +  D., 
Do multiplicity 
D, multiplicity 
Do lifetime 
Da lifetime 
c fragmentation 

7 Final Result 

0.3% c + A, <0.1% 
0.2% Df multiplicity 0.7% 
0.4% A, multiplicity 0.1% 
0.1% Df lifetime 0.1% 
0.1% A, lifetime <0.1% 
0.6% R, 1.1% 

The measurement of Rb is made at the point which minimizes the combined statistical 
plus systematic uncertainties. This occurs at the cut of Pat = 10-3.0. After applying 
all efficiency and resolution corrections and correcting for biases introduced by the 
event selection, the results shown in Tables 4, 5 and 6 are obtained with the final 
result for Rb from the probability tag being 

g --t CE 
MC statistics 

0.2% ~ 0 . 1 %  g + bx 
0.1% 

1 !chemispherecorrelation 1 -;:2l I 1 I i:;; 1 
euda (8.7 * lo-*)% 

Systematic 6RblRb Systematic 

ImDact Resolutions 0.4% Beam Position Tails 
Efficiency Corrections 0.4% V o  Rejection 

Table 4: Probability tag performance for Pat = 

At the current precision, the SLD result is consistent with LEP's Rb result 
as well as the Standard Model prediction for RI,. Significant improvements in the 
precision of the SLD measurement will result from data( 0.5 M 2') to be collected in 
the scheduled runs ahead with the new SLD vertex detector. 

6Rb/Rb 
0.9% 
0.3% 

M o n t e  Carlo Measurements 
eb  30.6% 
nb 94 % 

Ab fraction I 0.3% 11 MC statistics I 0.4% 
Charm Svstematics 

Data M e a s u r e m e n t s  

MC statistics I 0.3% 11 
Systematic 
IC production 

L i g h t  Quark  Systematics 

Table 6: Summary of detector systematics for probability tag at a cut of Pat = 
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