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High Precision Tracking and the Measurement of 

B(Z ~ bb/B(Z ~ hadrons) with the Mark IT at the SLC* 

Bruce A. Schumm 

Physics Division 
Lawrence Berkeley Laboratory 

1 Cyclotron Road 
Berkeley, CA 94720 

LBL-30709 
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Abstract. During the 1990 run of the Mark II at the SLC, the precision 
tracking system achieved a preliminary impact parameter resolution of 
35.8 ± 1.3 J.lm for high momentum tracks, which is the quadrature sum of 
25 ± 5 J.lm of intrinsic resolution smearing dominated by misalignments 
and other geometrical effects. A method is proposed by which this system 
can be used to measure B(Z -7 bo/B(Z -7 hadrons) with minimal 
systematic error. 

"'Invited talk presented at the 26th Rencontre de Moriond, Les Arcs, France, March 10-17, 1991. This 
work was supported by the Director, Office of Energy Research, Office of High Energy and Nuclear 
Physics, Division of High Energy Physics, of the U.S. Department of Energy under Contract Number 
DE-AC03-76SF000098. 
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1. THE 1990 RUN OF THE MARK II 

Including both the January engineering run for the precision tracking system 

and a data run from July through November, 10.1 ± 0.7 nb-1 of data was written 

to tape. A total of 269 hadronic and 25 leptonic Z 0 decays were recorded. 

2. MARK II PRECISION TRACKING 

The Mark II precision tracking system consists of two components: a jet cham

ber with 10 nearly radial cells of 38 measurement layers each between r = 5.1 and 

16.6 em, and a silicon micro vertex detector consisting of three layers at r = 2.94, 

3.37, and 3.80 em. Both devices measure in the r-4> plane only, and are situated 

inside a larger central tracking chamber, with 72 layers from r = 19.2 to 151.9 em. 

The silicon, vertex drift, and main drift trackers have a coverage in I cos 01 of 0.77, 

0.9, and 0.8, respectively. All three of these devices have been described in detail 

elsew here~1 - 51 

2.1 DRIFT CHAMBER VERTEX DETECTOR (DCVD) 

The 10 jet cells of the DCVD are tilted from radial by a small angle (15.137° 

at layer 1) to facilitate drift sign ambiguity resolution, to ensure that tracks from 

the origin do not traverse the entire chamber near a wire plane, and to provide a 

large sample of tracks for calibration which cross a cathode plane. The chamber is 

operated in 2 atm of 92%/8% C02/Ethane, at a drift field of E/P = 0.73 kV /atm. 

A number of studies have been done with the DCVD using cosmic rays. The 

diffusion-limited single hit resolution has been measured to be 

The efficiency for finding hits from closely spaced tracks has been seen to be nearly 

one for tracks a close as 500 J-Lm, corresponding to an angular separation of about 
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5 mrad at the mean chamber radius. The miss distance distribution for cosmic 

rays with momentum greater than 15 GeV /c is a gaussian of width 44{lm, cor

responding to an impact parameter resolution of 44{lm/V2 = 31ftm. The miss 

distance distribution of 14 dileptons ( e,fl ), tracked in the DCVD only, provides an 

estimate of the impact parameter resolution for Z 0 data of 39 ± 10 pm. 

2.2 SILICON STRIP MICRO VERTEX DETECTOR (SSVD) 

Each of the three layers of the SSVD consists of 12 modules of 512 strips each, 

with strip pitch of 25, 29, and 33 pm from the inner to outer layer, respectively. 

The three silicon layers are staggered in order to eliminate gaps, and to facilitate 

the internal alignment of the silicon system. The SSVD single hit resolution ha.s 

been determined from the residual of the middle layer hit with respect to the track 

defined by the hits on the two outer layers. The gaussian width of this triplet 

distribution is 8.7ftm, corresponding to a single hit resolution of 8.7pmjylffi = 

7.1pm. The SSVD can distinguish hits from tracks separated by as little as 100 

flm, corresponding to an angular separation of about 3 m1·ad. 

2.3 COMBINED SYSTEM PERFORMANCE 

The fundamental measurement of a precision tracking system is the impact 

parameter 'b'. The resolution in b of a tracking system can be approximated as 

where CTbs is the size of the beam spot envelope, a ms the uncertainty introduced 

by multiple Coulomb scattering in the beam pipe and tracking detectors, and 

CTin is the intrinsic device resolution associated with the extrapolation to the zo 
production point of infinite momentum tracks reconstructed from the measured 

space points. Ideally, CTin is prescribed by the single hit resolutions of the space 

point measurements associated with the track; in practice, though, this term is 

v 
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limited by imprecise knowledge of the tracking system alignment and geometry. 

The multiple scattering term takes the form 

Cms Cms 
ams = ---

Pt~ Ps 

where Cms is a constant determined by the radius and radiation thickness of the 

material traversed by the track. For tracks well measured in the SSVD, Cms = 

· 40 tJ.m·GeV /c and is dominated by scattering in the beampipe ( 0.007·XR at r = 

25 mm ), and the inner layer of the SSVD ( 0.006·XR ). For tracks which rely on 

<P information from the DCVD, though, the extra intervening material increases 

Cms to 65 tJ.m·GeVjc. 

Figure 1 shows a plot of at vs 1/ p; for the hadronic Z 0 data. For this measure

ment, as well as in the analysis outlined in the next section, Z 0 events are used only 

if they pass standard hadronic event cuts~61 Each reconstructed track is required 

MAHK II PHELIMINAHY 

6000 a; = (35.8) 2 + (54.2) 2 /p; 

J .. -----~ 
------_,---·--""'~·-· 

2000 ·} .. ----('-----------

0 0.5 1 1.5 

Figure 1: Dependence of at on 1/p; for the hadronic Z 0 data, with best fit line. 
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to have 15 measurements in the DCVD, one or more SSVD measurements, and an 

impact parameter lbl :::; 2mnL A fit to the form 

(J2 = C2 + (Cms)
2 

b oo Ps 

yields the values Coo = 3.5.8 ± 1.3 fl1TI. and Cms = 54.2 ± 2.1 pm·GeV /c. 

Altho'ugh the SLC beam envelope is < 5pm in extent, shifts in the beam spot 

location admitted a determination of the Z 0 production point to only 25ttm. Re

moving this 25 ± 5 flm of beam spot motion from the infinite momentum resolution 

Coo yields the preliminary result 

( )

2 
'~ '~ [54± 2]pm · GeVjc 

fJb = ([25 ± .S]fl1n)7n + ([25 ± 5]ttm)bs + 
Ps ms 

The value rJin = 25±5 flTn is confirmed by the miss distance of 14lepton ( e,p) pairs, 

providing an independent measurement of rJin = 21 ± 5 pm. Both alignment and 

the determination of the Z0 production point relied on data, and were statistically 

limited. 

3. PRECISION TRACKING AND THE 
MEASUREMENT OF B(Z---'* bb)/B(Z---'* hadrons) 

The ratio of partial widths Rb = B( Z ---+ bb) j B( Z ---+ hadrons) provides the 

cleanest measurement of a.n exclusive Zqq coupling strength, and is of considerable 

theoretical interest due to its sensitivity to one loop corrections at the Zbb vertex. 

The following is a. presentation of an approach to this measurement based on 

precision tracking information. 

Figure 2 shows Monte Carlo distributions of the event variable 

1 b S--2:-
VN tracks fJb 

for uds quark, c quark, b quark, and all ha.dronic decays of the Z 0 . In this defini

tion, b is signed according to the hemisphere in which the track crosses the thrust 
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Figure 2: Distribution of event variable S for uds, c, b, and all quark decays of 
the Z 0 from the MARK II Monte Carlo (LUND 6.1 Shower plus detector and 
background simulation). Also shown (continuous curves) are the results of the fit 
described in the text. 
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axis, and N is the number of tracks passing the vertexing cuts outlined in section 

2.3. In addition, for each event, the track with the largest (absolute value) impact 

parameter is thrown out in order to reduce sensitivity to tracking errors. It is 

seen that the light quark distribution (Fig 2-a) is just the resolution function in 

S (caused primarily by detector smearing), while the b quark decay distribution 

(Fig 2-c) is a convolution of this resolution function with an exponential-like distri

bution associated with the b quark lifetime. In the combined distribution (Fig 2-d), 

it then follows that the region S < 0 provides a measure of the resolution in S, 

while the tail at large S provides a measure of the Z -+ bb contribution. 

Thus, Rz, can be measured by fitting the S distribution to the form 

dN 
dS = Nz · G(a; S) + Nc · G(a; S) Q9 E(ac; S) + Nb · G(a; S) Q9 E(ab; S) (1) 

where the Ni are the numbers of light, charm, and bottom quark decays, G( a; S) 

is a gaussian of width a and mean 0, E( a; S) is an exponential of scale a, the 

symbol Q9 denotes convolution, and Nb/(Nz+Nc+Nb), ab, and a are the parameters 

of the fit. The ratio Nc/ Nz is set to the standard model value, while ac is determined 

from the :Monte Carlo with the measured charm lifetime as input. 

This fit has a number of qualities which make it relatively immune to systematic 

error: 

o The effect of beam spot motion on the individual signed impact parameters 

b tends to cancel in the sum; 

o Allowing a and ab as free parameters minimizes the systematic dependence 

of the result Nb/(Nl + Nc + Nb) on the uncertainties in the b quark lifetime and 

impact parameter resolution; 

o Freeing ab also reduces the systematic dependence upon quantities which 

affect the S distribution like a change of lifetime (e.g. fragmentation and tracking 

efficiency). 

.... 
; \ 
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Figure 3 shows a comparison of this fit with the S distribution for the 190 Z 0 decays 

passing hadronic cuts. At this level of statistics, the fit is seen to describe the data 

well. \Vith this sample, the statistical precision achieved in 6.Rb/ Rb is ±20%. 

In order to study the degree to which systematic effects can be avoided by this 

approach, a more realistic representation of the S distribution than that presented 

in equation (1) was used. The exponentials E( a) were replaced by functions fit to 

the Monte Carlo distributions of the light, charm and bottom quarJ.;: contributions 

before the effects of detector smearing were included. The single gaussian G( O") was 

MARK II PRELIMINARY 

-20 0 20 40 

Figure 3: Distribution of S for the hadronic Z 0 data, with the result of the fit 
(continuous curve) described in the text. 
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replaced by a sum of two gaussians JG(f3iai) + (1 - f)G(f3wz), where j, O'I, and 

a2 are free parameters of the fit, and f3i is a quark flavor dependent constant which 

accounts for small differences in smearing between uds, c, and b quark events. The 

individual contributions to this fit of the total distribution (Fig 2-d) are shown in 

Figures 2-a,b,c. 

This study indicated that a systematic limit of ~Rb/ Rb = 1-3% may eventually 

be achieved with this approach. The largest systematic effects were found to come 

from the current limits on knowledge of b quark fragmentation (~Rb/ Rb ~ 2%), 

b quark decay properties (~Rb/Rb ~ 3%), and the ratio Nc/Nz (~Rb/Rb ~ 5%), 

all of which are expected to improve as more data become available. 

Finally it should be noted that the degree to which the b quark decay tail 

extends beyond the light quark core of the S distribution is directly related to the 

vertex system resolution. Thus, both the statistical and systematic precision, the 

latter of which comes in part from the uncertainty in the extrapolation of the b 

quark decay tail into the light quark decay peak around S = 0, depend directly on 

the vertex system resolution. 
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