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ABSTRACT 

We present a preliminary measurement of Rb, the ratio of r(ZO bb) relative 
to r(Zo - hadrons) using the silicon CCD-pixel vertex detector of the SLD at 
the SLAC Linear Collider (SLC). An impa<[t parameter method and a ~isplaced 
verte.'( method are applied to all charged traFks. to efficiently tag ZO - bb events. 
From the impact (displaced vertex) approach we find Ri. = 0.214 ± 0.010 ± 0.025 
(Rb = 0.204 ± 0.010 ±O.030), consistent with the st.andard model value. 

1. Introduction 

The branching fraction ratio Rb measures the sum of the squares of the vector 
and axial vector couplings of the b-q1.l:ark to the ZO. As the CKM parameter 'V;b :::::: lone 
anticipates large vertex and external radiative corrections [~V' ex (Afd M z?l for lltit ~ 
l'vfz. ~ isolates the vertex corrections, as oblique corrections largely cancel in the ratio, 
being common to all ferrnions. 1 This is further accompanied by a very weak dependence 
of ~ on QCD corrections with a change of Rb < 0.1 % for a 10% variation in O'.s. These 
insensitivities to conventional radiative corrections make Rb an excellent variable in the 
search for newphysics once lvit is known, and if 6Rs, N 1 % can be obtained. We present 
herein preliminary results on the measurement of Rb from a sample of 11.8 K ZO events 
(( e-polarization ) :::::: 22%) collected at JS = 91.5.5 GeV in the SLD at the SLC, using a 
CCD vertex detector. ZO events containing b-decays are tagged by two techniques; one 
similar to that used by Mark IV namely the counting of all tracks with large impact 
parameters (b) to the interaction point (IPL and one that counts displaced vertices 
from band c-quark decays directly. High efficiencies and purities are achieved as both 

epadrons and leptons are included in the tagging procedures. 

2. Detector· Description and Tracking Performance 

For this analysis, only a subset of the elements of SLD are utilized; the central 
drift chamber (CDC)3 covering 85% 47r sr, the CCD vertex. detector (VXD)4 covering 
75% 47r. sr, and the liquid argon calorimeter (LAC) covering 9·5% 47r sr.5 The LAC 
is used. in the SLD trigger. Charged tracks are reconstructed in the CDC· and linked 
with pixel-clusters in the VXD. A combined fit using the Billior methodS is performed. 
to properly account for multiple scattering as the track is extrapolated through the 
VXD material and the 25 mm radius beryllium beam pipe. into the IP. The angular 
errors of ~he CDC combined wIth local (oR</» and (oz) of VXD clusters of 5 pm 
and 8 j.Lm, respectively, lead to XY (plane perpendicular to the e+ e- beams) and R= 
(plane containing the beam axis) impact resolutions of (a. 3),.; = (1:3 ;.tm, 70 ;.tm). and 
(0:,,8)& = (52 ;.tm, 70 pm), respectively.1> . 

·We parametrize the impact resolution function asOtff)i3 / P V(sin?- Ii). where the sum is taken in Quadrature. 
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3. Beam Position 

The beams of the SLC have RMS profiles averaged over our sample of 2 02 pm2 

in X and Y; while the luminous region in Z is '" 6.50 Ilm. Frequent beam-beam scans 
coupled with a feedback utilizing the pulse to pulse beamstrahlung monitor information 
is used to maintain the beams in collision and stabilize the IP position. The IP is t7'acked 
in SLD utilizing Zo events. A fit is performed for the X, i" IP position and error (O":r;, 

O"y ) using'" 50 time-ordered tracks of small b, from'" 10 ZO events. Each sample spans 
approximately half an hour to three hours for stability. The 447 measurements for the 
1992 data run have O":r;, O"y ~ 10 to 15 pm. The impact parameter of p+ p- and e+e- to 
the IP (Fig. 1) gives (O"IP) .~ 11 pm after unfolding the single track impact resolution. 

4. Detector and Event Selection 

The SLD trigger is based on loose calorimetric criteria to eliminate primary 
beam related backgrounds; conventional e± and , scattered from the beam pipe and 
masks, and upstream electroproduced muons, unique t.o SLC. The former are reduced 
by total energy and asymmetry cuts, while the latter are reduced utilizing the fine 
grained tower structure of the LAC and the pattern of energy deposition of the muons. 

Hadronic zo events are selected off-line for analysis from the sample of triggers. 
We require visible energy in tracks Evis > 18 GeV and that the thrust axis lie within 
Icos(BT) 1 < 0.71 where tracking is optimal. \Ve require the number of tracks Nchrg' ~ 7, 
eliminating 2')' and r-pair events. Bad running periods a.nd events with the number 
of CDC/VXD linked tracks < 3 are rejected. \Ve retain 4857 ZO events with an 
estimated background contamination < 1%. Flavor dependence of the selection for 
b-quarks relative to all hadronic ZO events is found by Monte Carlo to be negligible 
within 1.000 ± 0.007. 

5. The Determination of Rb 

5.1. The Impact Technique 

After event selection the set of CDC tra.cks having a VXD fit is further refined: 
We require that CDC tracks start at a radius l' < 0..:1 m, have Nhit > 40 and 
have good fit quality (X2 Idf< 5). Tracks originating from identified longllived V's 
and ,),-conversions are eliminated. Tracks' are extrapolated to the Xl" point of closest 
approach to the IP, and the 2-D impact parameter (b) and error (O"b) are calculated. 
We require Ibl < 0.3 cm and O"b < 250 pm for tracks, equivalent to requiring momentum 
p> ...... 0.5 GeV Ic. All tracks are required to·extrapolat.e to wit.hin 1 em of the average 
beam position in Z. 

The JADE algorithm with parameter YCUT = 0.02 was applied to charged 
tracks to reconstruct jets. A sign is attached to Ibl for each track with the +( -) 
convention chosen for" tracks crossing its assigned jet axis in front(back) of the JP. A 
nonzero lifetime preferentially populates +Ibl, while-Ibl tracks reflects uncertainty in 
the jet direction and the tracking resolution. The normalized impact parameter (bnorm ) 

is formed from the signed b divided by O"b in quadra.tllr<> wit.h O"JP a.long the b direction~ 
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Figure 1. The XY impact parameter to Figure 2. The signed and normalized 
the IP for tracks from muon-pair ?-nd impact parameter bnorm for tracks in all 
Bhabha events. ZO candidate events. 

The Monte Carlo (MC) simulation contaills knowledge of resolution, geometry, 
efficiency and backgrounds, but unmodeled effects remain. These are associated with 
detailed CDC waveforms, models of drift velocity variation and residual misalignments 
and distortions. The MC is adjusted (as a function of p) to match tracking efficiency 
and resolution by removing 6% of the tracks and adding small additional fluctuations 
to b, thereby putting bnorm in both data and MC into agreement, for values of bnorm < O. 
Since -Ibl tracks reflect resolution and not the lifeti'me effects of b- and c-quarks, this 
is an unbiased procedure for correcting the simula.tion of bnorm ~ 0 tracks. A similar 
correction is applied for Z impact in Sec. 5.2. 

The impact parameter tagging technique for bb events utilizes the property tha.t 
b-hadrons have a large decay length (I"V 0.2 cm) resulting in many large Pt tracks having 
large +Ibl. We cut on the number of tracks (~ Nsign ) in an event having bnorm > 3. 
Figure 2 shows bnorm for Me and data, while Fig. :3 shows the tagging efficiency (cb) 
and purity (fib) versus Nsign ' .Thestandard model values for r(Zo -+ qij) are used to 
estimate the fib; however, only the C values actually alter Rb. Choosing Nsign = 3, we 
tag 996 of 4857 events (Fig. 5), resulting in Cb = 0.71. €" = 0.18, Cuds = 0.04, IIb = 0.74, 
and Rb = 0.214 ±O.OlO (statistical error only). 
5.2. The Displaced Vertex Technique 

The displaced vertex technique is based on the observation that b-hadron decays 
results in more 2~prong vertices displaced from the IP, than decays in uds or c events. 
Pairs of tracks, each with p > 0.3 GeV, Ibl < 0.3 cm, and IZol < 1 cm are combined 
to find candidate 2-prong vertices. The cut on Ibl is effective in V and, -+ e+ e
rejection. To reduce combinatorics of tracks from opposing jets, the opening angle of 
a pair must be less than 900 in the lab. A 3-D fit on each vertex must- satisfy X2 < 5. 
The decay length L(= I. Pv/IPvl) from the IP to the fitted vertex must be < 2 cm 
and> 60,£ (<TL = <Tv ffi<TlP, where <Tv is the flight distance fit error). The tag requires a 
minimum of vertices Nv to satisfy this cut. Fig. 4 shows f..b, IIb and Ce, Cuds versus Nv . 
For Nv ~ 4, (Fig. 6) we retain 749 of 4857 events \vith Cb = 0.58, IIb = 0.77, Ce = 0.11, 
and Cuds = 0.03. An overlap of 610 events with the impact technique is observed. This 
analysis yields Rb =0.204 ± 0.011 (statistical error only). . 
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Figure 3. The impact tagging efficiency 
and purity as a function of the track 
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Figure .5. The distribution of track 
multiplicity (Nsign ) for bnorm > :3 over the 
ZO sample. 

6. Systematic Errors 
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Figure 6. The distribution of vertex 
multiplicity (AI') for Lj UL > 6 over the 
zo sample. 

Our preliminary estima.tes of systematic errors for t.lw impact parameter and 
vertex techniques are shown in Table I. Detect or ('tTOrs are conservative est.imates. 
The b-lifetime is varied from 1.2 to 1.5 ps. The fr<lg1l1("lltation has been studied 
with JETSET 6.3, using Peterson functions with ((.l"e}.c) = (0.494 ±0.025,0.06) and 
(0.700 ± 0.021, 0.006) for c- and b-quarks, respect in'ly. Exclusiv(-' models of the decays 

·4 

I 

" 

( f • 



.) \ 

of band c hadrons have been adjusted to 
reflect present knowledge of their decays.:: 
The f(B - DO)/f(B - D+) ratio error 
was found to have a negligible effect. The 
value";" off(Zo - cc)/f(Zo - hadrons) = 
0.17 ± 0.03 is variedabotif -its error, as 
was the D+ fraction (±10%), therein. The 
charged track multiplicity of B decays'= 
5.52 ± 0.25 Was varied about its error. The 
measured values for Rb without radiative 
corrections are Rb - 0.214 ± O.OW± 
0.025 (impact method) and Rh = 0.204 ± 
0.011 ± 0.030 (vertex method), where the 
first error is statistical and the second 
systematic. These results are consistent 
with the prediction of Rb ::::: 0.22 in the 
standard modeLs 

7. Conclusions 

Table I. Sy"r,ematic errors (%) 

Source Impact 

Tracking resolution 9.0 

Tracking efficiency ~).O 

Beam position 2.1 

Subtotal 10.5 

b-lifetime 2.8 

1>- fragmentation 2.:3 

I>-decay' Properties .) -_.1 

c- fragmentation 1.0 

[(ZO - en 1.6 

Subtotal -1.9 

Total 11.6 

Vertex 

6.S 

11.2 

1.9 

1:3.2 

:3.0 

0.1 

·3.1 ' 

'1.6
1 

2.2 

7.0 

15.0 

Tagging methods that exploit the small and' st.able SLC IP and the :3....,D 
information of the CCD-pixel vertex detector a.re found to be highly efficient for 
b-decays and to provide excellent background rejection a.gainst lighter quarks. These 
approaches systematically differ from conventional lepton tagging both in physics bias 
and the level required for detector modelling. The la.rge systematic errors at present 
reflect our preliminary detector simulation and do not represent fundamental limits to 
the methods. 
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