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ABSTRACT

We present a preliminary measurement of R,, the ratio of T(Z° — bb) relative
to I'(Z° — hadrons) using the silicon CCD-pixel vertex detector of the SLD at
the SLAC Linear Collider (SLC). An 1mpact parameter method and a displaced
vertex method are applied to all charged tra.icl\s to efficiently tag Z° — bb events.

~ From the impact (displaced vertex) approach we find Ry = 0.214 £ 0.010 = 0.025
(Rs = 0.204 £ 0.010 £ 0.030), consistent with the standard model value.

‘1. Introduction

The branching fraction ratio R, measures the sum of the squares of the vector
and axial vector couplings of the b-quark to the Z°. As the CKM parameter V, =~ 1 one
anticipates large vertex and external radiative corrections [AV x (M,/Mz)?] for M, >
M3z. R, isolates the vertex corrections, as oblique corrections largely cancel in the ratio,
being common to all fermions.! This is further accompanied by a very weak dependence
of R, on QCD corrections with a change of Ry < 0.1% for a 10% variation in «;,. These

~ insensitivities to conventional radiative corrections make R, an excellent variable in the

search for new physics once M, is known, and if 6 Ry ~ 1% can be obtained. We present
herein preliminary results on the measurement of R, from a sample of 11.8 K Z° events
({ e-polarization ) = 22%) collected at \/s = 91.55 GeV in the SLD at the SLC, using a
CCD vertex detector. Z° events containing b-decays are tagged by two techniques; one
similar to that used by Mark 1.2 namely the counting of all tracks with large impact
parameters (b) to the interaction point (IP), and one that counts displaced vertices
from b and c-quark decays directly. High efficiencies and purities are achieved as both
ha.drons and leptons are included in the tagging procedures.

2. Detector Description and Tracklng Performance

For this analysis, only a subset of the elements of SLD are utilized; the central
drift chamber (CDC)?® covering 85% 4 sr, the CCD vertex detector {(VXD)* covering
75% 47 sr, and the liquid argon calorimeter (LAC) covering 95% 47 sr.® The L-\C
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 method® 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 the CDC combined with local (6R¢) and (6z) of VXD clusters of 5 um
and 8 um, respectively, lead to XY (plane perpendicular to the ete~ beams) and R:
(plane containing the beam axis) impact resolutions of (a. 3); = (13 pm, 70 ,um) and

(@, B)r: = (52 pm, 70 um), respectively.”

*We parametrize the impact resolution function as 'aeﬂ/P\/ (sin® §). where the sum is taken in quadrature.

Presented at Particles & F zclds 92: Mcetmg of Division of Particles & Fields
of the APS (DPF92) Batavia, [ll:nozs November 10-17. 199”’



3. Beam Position

The beams of the SLC have RMS profiles averaged over our sample of 22 pm?
in X and Y’; while the luminous region in Z is ~ 650 gm. 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 tracked
in SLD utilizing Z° events. A fit is performed for the X, ¥ IP position and error (o,
oy ) using ~ 50 time-ordered tracks of small b, from ~ 10 Z° events. Each sample spans
approximately half an hour to three hours for stability. The 447 measurements for the
1992 data run have o,, 0y ~ 10 to 15 pm. The impact parameter of u*p~ and e*e~ to
the IP (Fig. 1) gives (o1p) = 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 et and « scattered from the beam pipe and
masks, and upstream electroproduced muons, unique to 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 Z° events are selected off-line for analysis from the sample of triggers.
We require visible energy in tracks E,;; > 18 GeV and that the thrust axis lie within
|cos(67)| < 0.71 where tracking is optimal. We require the number of tracks Newg > 7,
eliminating 2y and 7-pair events. Bad running periods and events with the number
of CDC/VXD linked tracks < 3 are rejected. We retain 4857 Z° events with an
estimated background contamination < 1%. Flavor dependence of the selection for
b-quarks relative to all hadronic Z° events is found by Monte Carlo to be neghglble

within 1.000 £ 0.007.

5. The Determination of R,
5.1. The Impact Technigque

After event selection the set of CDC tracks having a VXD fit is further refined:
‘We require that CDC tracks start at a radius » < 0.4 m, have Ny > 40 and
have good fit quality (x2/df < 5). Tracks originating from identified longi lived Vs
and v-conversions are eliminated. Tracks are extrapolated to the XY point of closest
approach to the IP, and the 2-D impact parameter (b) and error (o) are calculated.
We require |b| < 0.3 cm and o, < 250 um for tracks, equivalent to requiring momentum
p>~0.5 GeV/c. All tracks are required to'extrapolate to within 1 cm of the average
beam position in Z.

The JADE algonthm with parametel YCUT = 0.02 was applied to charged
tracks to reconstruct jets. A sign is attached to |b| for each track with the +(—)
convention chosen for tracks crossing its assigned jet axis in front(back) of the IP. A .
nonzero lifetime preferentially populates +[b|, while —|0] tracks reflects uncertainty in
the jet direction and the tracking resolution. The normalized impact parameter (b,opm)
is formed from the signed b divided by o} in quadrature with ojp along 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 and impact parameter byom, for tracks in all
Bhabha events. : Z° candidate events.

The Monte Carlo (MC) simulation contains 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 b,,m in both data and MC into agreement, for values of b,om < 0.
Since —|b| tracks reflect resolution and not the lifetime effects of b- and c-quarks, this
is an unbiased procedure for correcting the simulation of b,,, > 0 tracks. A similar
correction is applied for Z impact in Sec. 5.2. -

- The impact parameter tagging technique for bb events utilizes the ) proper ty that
b-hadrons have a large decay length (~ 0.2 cm) resulting in many large P; tracks having
large +|[b]. We cut on the number of tracks (> N, ) in an event having bporm > 3.
Figure 2 shows buom for MC and data, while Fig. 3 shows the tagging efficiency (e;)
and purity (II;) versus Ngn. The_standard model values for I'(Z° — ¢g) are used to
estimate the II;; however, only the ¢ values actually alter R,. Choosing Ny, = 3, we
tag 996 of 4857 events (Fig. 5), resulting in €, = 0.7}[. €. = 0.18, €,4; = 0.04, T, = 0.74,
and R, = 0.214 £ 0.010 (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, |b| < 0.3 cm, and |Zy| < 1 cm are combined

to find candidate 2-prong vertices. The cut on || is effective in V and v — ete”
rejection. To reduce combinatorics of tracks from opposing jets, the opening angle of
a pair must be less than 90° in the lab. A 3-D fit on each vertex must satisfy x? < 5.
The decay length L(= 1 e Py /|Py]|) from the IP to the fitted vertex must be < 2 cm
and > 6o, (0L = ov @orp, where oy is the flight distance fit error). The tag requires a
minimum of vertices Ny to satisfy this cut. Fig. 4 shows €, II, a.ndi' €c, €yds versus Ny .
For Ny > 4, (Fig. 6) we retain 749 of 4857 events with ¢, = 0.58, IT, = 0.77, ¢, = 0.11,
and €45 = 0 03. An overlap of 610 events with the impact technique is observed ThlS
analysis yields R, =0.204 4+ 0.011 (statistical error only).

3.
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Figure 3. The impact tagging efficiency
and purity as a function of the track
multiplicity cut (Nsign) for bnorm > 3
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2400 ;
Preliminary uds
= Gl c
Ob
1600 e Data
Q .
[=
[
>
¥1]
800
0
0 2 4 6 8 10 12
1 Track\Multiplicity razeas

Figure 5. The distribution of track
multiplicity (Nsign) for byorm > 3 over the
Z° sample. ' ’

6. Systematic Errors
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Figure 1. The vertex tagging efficiency
and purity as a function of the vertex
multiplicity cut (Ny) for L/op > 6 from
MC. '
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Figure 6. The distribution of vertex
multiplicity (Ny-) for L/op > 6 over the
Z° sample. o

Our preliminary estimates of s;stema.t.ic errors for the impact parameter and
vertex techniques are shown in Table I. Detector crrors are conservative estimates.
The b-lifetime is varied from 1.2 to 1.5 ps. The {ragmentation has been studied
with JETSET 6.3, using Peterson functions with ((r.).¢) = (0.494 £ 0.025,0.06) and
(0.700 +0.021,0.006) for ¢- and b-quarks, respectively. Fxclusive models of the decavs

-—
.
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of b and ¢ hadrons have been adjusted to  Table . Systematic errors (%)
reflect present knowledge of their decays.®

The I'(B — D°)/T(B — D7) ratio error  Source - Impact Vertex
was found to have a negligible effect. The Tracking resolution 9.0 6.3
value” of T(Z° — ¢¢)/T(Z° — hadrons) = C e - _
0.17 + 0.0?E is varie)é 'a(bodf its error, as . Tracking efficiency 30 112
was the D* fraction (£10%), therein. The - Beam position 2.1 1.9
charged track multiplicity of B decays =  ‘Subtotal - 10.5 13.2
5.52 £0.25 was varied abogt its error. 'Ithe b lifetime 53 3.0
measured values for R, without radiative ' - _
corrections are R, = 0.214 + 0.010 £ b-fragmentation 2.3 0.7
0.025 (impact method) and R, = 0.204 £ b-decay Properties 2.7 5.7
0.011 &£ 0.030 (vertex method), where the dfragmemation 1.0 1.6 ‘
first error is statistical and the second [(Z° — o _ ' '
: _ » ) (Z° = ci) 1.6 2.2
systematic. These results are consistent .
-with the prediction of Ry = 0.22 in 'the  Subtotal . : 1.9 7.0
standard model.® , " Total , 116 15.0

7. Conclusions

Tagging methods that exploit the small and ‘stable SLC IP and the 3-D

- information of the CCD-pixel vertex detector are found to be highly efficient for

b-decays and to provide excellent background rejection against lldhter quarks. These
approaches systematically differ from conventxonal lepton tagging both in physics bias
and the level required for detector modelling. The large systematic errors at present
reflect our preliminary detector simulation and do not represent fundamental limits to

‘the methods.
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