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Abstract

We report a new preliminary measurement of A, using 350k hadronic
7 decays obtained by SLD in 1997-98. This measurement uses a vertex tag
technique, where the selection of a b hemisphere is based on the reconstructed
mass of the bottom hadron decay vertex. The method uses the 3D vertexing
capabilities of SLD’s CCD vertex detector and the small and stable SLC
beams to obtain a high b-event tagging efficiency and purity of 54% and
96%, respectively. The charge of the reconstructed vertex provides a quark-
antiquark tag, with the analyzing power calibrated from the data. Tracks
reconstructed in the vertex detector alone are used to enhance the charge
purity of the vertices. The preliminary result is A, = 0.926 4+ 0.019 + 0.027
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1 Introduction

Measurements of fermion asymmetries at the Z° resonance probe a com-
bination of the vector and axial vector couplings of the Z° to fermions,
Ay = 2upas/(v} + a%). The parameters Ay express the extent of parity vio-
lation at the Zff vertex and provide sensitive tests of the Standard Model.
The Born-level differential cross section for ete™ — Z% — ff is:
dO’f

EO((1—Aepe)(1+22)+2Af(Ae_Pe)za (1)

where P, is the longitudinal polarization of the electron beam (P, > 0 for
right-handed polarization) and z = cos# is the direction of the outgoing
fermion relative to the incident electron. The parity-violation parameter Ay
can be isolated by forming the left-right-forward-backward double asymmetry
AL 5(2) = |P.JA; 22/(1 + 2%), although in this analysis we work directly with
the basic cross section.

2 The SLD Detector

The operation of the SLAC Linear Collider with a polarized electron beam
has been described in detail elsewhere [1]. In 1997-98 a sample of 350k
hadronic events with average polarization of |P,| = 0.733 4+ 0.004 was col-
lected.

Charged particle tracking and momentum analysis are provided by the
Central Drift Chamber [3] and the CCD-based vertex detector [4]. The
measured r¢ (rz) impact parameter resolution delivered by these systems
is 8um (10pum) for high momentum tracks, with multiple scattering con-
tributing 33um/(p, sin®?#) in both projections. The momentum resolution
is (6p/p1)* = (.01)?+(.0026p, )*> GeV. The Liquid Argon Calorimeter (LAC)
[5] measures the energy of charged and neutral particles, and is used for thrust
axis construction. The uncertainty in the positition of the primary vertex
(PV) is 4um transverse to the beam axis and ~ 20um (for bb events) along
the beam axis.



3 Event Selection

Hadronic events are selected based on the visible energy and track multiplic-
ity in the event. The visible energy is measured using central drift chamber
(CDC) tracks and must exceed 18 GeV. There must be at least 7 CDC tracks,
3 with hits in the vertex detector. We also require that the thrust axis, mea-
sured from calorimeter clusters, satisfy |cosOyyst| < 0.7 to ensure that the
event is contained within the acceptance of the vertex detector. All detector
elements are also required to be fully operational. A total of 212k events
pass the above hadronic event selection. Background, predominately due to
tau pairs, is estimated at < 0.1%.

3.1 Track Selection

A loose set of cuts are applied to tracks used for secondary vertex reconstruc-
tion. Tracks are required to have > 3 VXD hits and p;, > 250 MeV. Tracks
with 3D impact parameter > 3mm or consistent with originating from a 7,
K° or A° decay are removed.

3.2 Secondary Vertex Reconstruction

Vertex identification is done topologically [6]. This method searches for space
points in 3D where track density functions overlap. Each track is parame-
terized by a Gaussian probability density tube with a width equal to the
uncertainty in the measured track position at the IP. Points in space where
there is a large overlap of probability density are considered as possible ver-
tex points. Final selection of vertices is done by clustering maxima in the
overlap density distribution. The event is divided into two hemispheres using
the thrust axis, and this procedure is performed in each using only the tracks
in that hemisphere. We found secondary vertices in 86% of bottom, 45% of
charm, and 2% of light quark events.

The identified vertices are passed through a simple neural network to
improve the background rejection. The input variables are the flight distance
from the vertex to the PV, that distance normalized by its error, and the
angle between the flight direction and the total momentum vector of the
vertex. Each seed vertex in the hemisphere is passed through this network,
and only those passing a cut on the output value are retained. Tracks in



vertices failing the cut are released and may be reattached by the procedure
described below.

Due to the cascade nature of the B decay, tracks from the decay may
not all originate from the same space point. Therefore, a process of at-
taching tracks to the secondary vertex has been developed based on the
transverse and longitudinal distance of closest approach of the track to the
PV-secondary vertex axis. This is done using a second neural network. To
optimize the charge reconstruction, all tracks in the hemisphere with at least
two VXD hits are used. Each track which is not already part of the vertex
is passed through the network, with those passing a cut on the output value
added to the vertex.

The mass of the secondary vertex is calculated using the tracks that are
associated with the vertex. Each track is assigned the mass of a charged
pion and the invariant mass of the vertex is calculated. The reconstructed
mass is corrected to account for neutral particles as follows. Using kinematic
information from the vertex flight path and the momentum sum of the tracks
associated with the secondary vertex, we add a minimum amount of missing
momentum to the invariant mass. This is done by assuming the true hadron
momentum is aligned with the flight direction of the vertex. The so-called
P;-corrected mass is given by:

MVTX:\/Mth+Pt2+|Pt| (2)

where My is the mass for the tracks associated with the secondary vertex. We
restrict the contribution to the invariant mass that the additional transverse
momentum adds to be less than the initial mass of the secondary vertex.
This cut ensures that poorly measured vertices in uds events do not leak
into the sample by adding large P;. The resulting mass spectrum is shown
in Figure 1.

The vertex charge reconstruction is further improved using tracks recon-
structed with the vertex detector alone. This compensates for inefficiencies
in the CDC+VXD track fitting procedure. Vectors of VXD hits not attached
to a CDC track are used, where there is at least one hit on each of the three
VXD layers. A trial track is constructed using a helix fit to the VXD hits.
A third neural network is used to select the vectors consistent with the B-
decay chain, in the same way as the additional track attachment described
above. Once a vector has been attached to a secondary vertex, the helix fit
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Figure 1: Distribution of Myrx for data (points) and Monte Carlo (solid).
The hatched regions represent the light-flavor backgrounds.

is repeated but with the vertex as an additional point to improve the curva-
ture determination. The charge of the underlying particle is correctly found
from this fit for ~ 85% of the attached vectors. Including these in the vertex
charge (the sum of the charges of all attached tracks and vectors) reduces
the mistag rate from 21% to 18%.

3.3 Flavor Tag

A b-tag is defined as a hemisphere with a P;-corrected mass above 2 GeV/c?,
and with nonzero vertex charge. A total of 30421 hemispheres pass this
selection. The efficiency of this tag is calibrated against the data using the
tag rates for single hemispheres and double-tagged events. These can be
written as:

Fhemi - GbRb + GCRC + 6'u,ds(1 - Rb - Rc) (3)
Fdouble — CngRb + OCGERC + Cudsezds(l - Rb - Rc) (4)

where €y is the b-tag efficiency for flavor f, R; is the fraction of hadronic
Z decays to flavor f, and C; accounts for inter-hemisphere tag correlations



(~ 0.5%). Fixing R to Standard Model values, these equations are solved for
€, and €., with the other efficiencies and correlations taken from Monte Carlo
simulation. The calibrated value for €, (¢.) of 0.3224+0.002 (0.010+0.002) is
in good agreement with the MC expectation of 0.319 (0.009).

A bottom event is defined to be one with at least one b-tagged hemisphere.
This is found to be ~ 54% efficient for bottom events. With the calibrated
efficiencies and SM R;’s the bottom purity of these events is calculated to
be f, = 96.4 + 0.6%. This is in good agreement with the MC value 97.1%.

3.4 Signal Tag

The determination of the hemisphere containing the quark is done using the
vertex charge, Qvrx. Because the b quark is negatively charged, a quark
hemisphere is indicated by Qyrx < 0. Only the sign of Qyrx is used. The
distribution of Qyrx for b-tagged hemispheres is shown in Figure 2. The
improvement due to the VXD vectors is apparent. The direction of the
quark is approximated by the thrust axis, signed to point into the quark
hemisphere.

The probability to correctly discriminate between quark/antiquark for
this tag can be calibrated from the data. The sample used is the events
with both hemispheres b-tagged, a total of 4773 events. The fraction of these
events that are in agreement (opposite charges) can be written as rygree =
P2orrect T (1 — Peorrect)?. This means the hemispheres must either be both
correct, or both wrong. After making a correction for the ¢ contamination
we find p§orreet = 82.5 4+ 0.5%, consistent with the MC expectation of 82.3%.
Because this procedure calibrates the quark/antiquark flavor at production
any B-mixing dilution is automatically included in p§o"ee.

4 Results

A maximum likelihood fit of all tagged events is used to determine A,. As a
likelihood function we use the total cross section:

L x (1+2%)(1—AP)+2z(A, — P) (5)
[fo(2D577° = 1) Ay + fe(2p277 — 1) A]
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Figure 2: Distributions of vertex charge. Left side is for tracks only, right
side includes VXD vectors. Points are data, solid regions are MC for various
sources.

where 2 = cos 0y,u5t, the thrust axis signed by the tagging method described
earlier, is an estimate of the quark direction, f; . is the probability for an event
to be b or c respectively, and the factor (2p;%"*" — 1) is the effectiveness of
the quark/antiquark tag. The shape of these functions in z is taken from
Monte Carlo with the overall normalizations determined from the data. For
double-tagged events, fy. and (2p;%"*“ — 1) are recalculated to combine the
probabilities from the individual hemispheres. Events with the hemisphere
charges in disagreement are not used. The uds background asymmetry is
assumed to be zero. The distributions of z for left- and right-polarized events

are shown in Figure 3.
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Figure 3: Measured asymmetry for vertex charge. Left side is for left-
polarized electrons and right side for right-polarized ones. The hatched region
indicates the non-b background. The histogram represents the Monte Carlo
reweighted to the same A, value measured in the data.

The QCD corrections to the cross-section have recently been reevaluated
at second order [7],[8]. We account for them with a correction term:

AP = AP (1~ Agen(9)) (6)

where AQCD ~ 45%
These QCD corrections have to be adjusted for any bias in the analysis
method against q@g events:

Adep = fAqep (7)

We estimated the analysis bias factor f = 0.80 for b events from a
generator-level Monte Carlo study:

From the sample of 23742 selected events we measure A, = 0.926 +0.019,
where the error is statistical only.



Table 1: Systematic errors for the maximum likelihood analysis

Source 0A,
Tag Quality

f» statistics 0.008
pEorreet statistics 0.012
Ry (0.2158 +0.0015) 0.003
pgorrect 0.009
double-tag bias 0.010
cOS Oyprust Shapes 0.017
tracking efficiency 0.005
Fit Systematics

P, (£0.004) 0.005
A, (0.667 +0.030) 0.001
QCD corrections

analysis bias 0.006
2nd-order correction 0.005
as (0.118 £ 0.004) 0.001
g — bb (0.251 £ 0.063%) | 0.001
g — cc (3.19 +0.46%) 0.001
Total 0.027

5 Systematic Errors

The systematic errors for the 1997-98 SLD result can be found in Table 1.
We give a brief description of some sources.

The error due to the background analyzing power is estimated by assum-
ing a uniform distribution for pc"¢¢* over [0,0.5], i.e. the charm mistags must
be wrong-sign.

Because hemispheres in double-tagged events are slightly better than in
single-tagged ones, a correction is applied to the calibrated p” " to ob-
tain a value suitable for fitting the single-tags. The double-tag bias error is
conservatively estimated as 100% of the effect on A, of this correction.

The co8 0,45t error accounts for the uncertainty in the shape of f, and
piorret as functions of cos @yrys. These shapes are taken from the Monte



Carlo and normalized by the calibrated values. The error is estimated by
fitting with and without these shapes, and taking 100% of the difference.

The tracking efficiency error is 100% of the difference seen in A, from
increasing the tracking inefficiency in the MC by ~ 3%.

The analysis bias error is 100% of the difference between using the diluted
and full QCD corrections. Because the bias factor was estimated using a
first-order fast MC, the full second-order part of the correction is taken as
an additional systematic error.

6 Conclusions

We have performed a measurement of A, using a method that takes advantage
of some of the unique features of the SLC/SLD experimental program. Our
preliminary result for the 1997-98 dataset is:

Ay =0.926 £0.019 £ 0.027  Preliminary

This result is consistent with the SM expectation of 0.935 and other
measurements at SLD and LEP.
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