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ABSTRACT

We present the first direct measurement of the left-right asymmetry of b-quarks from
the decay of Z° bosons produced in the annihilation of longitudinally polarized electrons
and unpolarized positrons in the SLD at the SLC. Two complementary techniques are
presented: _I). Z° — bb decays are tagged using track impact parameters measured with
a CCD-based vertex detector with & — b discrimination provided by momentum-weighted
track -charge; II) Semileptonic b-decays are tagged using high (P, Pr) muons and elec-
trons with & — b discrimination provided by the lepton charge. In our 1993 sample of
~50,000 Z° decays having a luminosity-weighted average e~ polarization of (62.6 + 1.2)%,
we find the following preliminary results: Ap(track charge) = 1.01 £ 0.12(stat) + 0.14(sys),

Ap(muons) = 0.94 4 0.25(stat) + 0.11(sys), and Ay (electrons) = 0.99 & 0.27(stat) & 0.19(sys).
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1. Introduction

Measurements of the fermion asymmetries at the Z° provide direct probes of the parity violating parameters
Ay = QUfaf/(v? -+ af.) and hence provide a sensitive test of Standard Model predictions. Numerical values of
Ay and their dependence on sin? Oy have been calculated! and are summarized in Table 1.

The weak dependence of Ay on sin? @ and on initial state

DA, radiation makes it sensitive to an independent set of radiative
A =016 =%~ =-7.85
e, T T VY dsmn? 0w — . .
Ay .= 067 83/‘;96 — —3.45 corrections from those probed with A, measurements. The
’ - sin? 0w
Agsp =0.94 ﬁ =—0.63 strongest senmsitivity of A, to physics beyond the standard

2.3

model arises from vertex loop corrections In the case of

Table 1. Standard Model values of Aj

for various fermions at the Z9 pole for extensions containing two Higgs doublets, where tan g is de-

sin” By = 0.230. fined as the ratio of their vacuum expectation values, A is
affected by as much as 1% for large tan S.

A common observable measured in experiments with unpolarized beams is the forward-backward asymmetry

of b-quarks, A%B At tree level, AFB = —AeAb. Longitudinal polarization of the electron beam, however, allows

f01_' direct measurement of A;. At tree level, the differential cross section for b-quark production can be expresed

in terms of #, the angle of the b-quark relative to the electron beam, and the electron polarization P,:

da'b (
dcosf .

1— P.A)(1+ cos® 0) + 2(Ae — P.) Ay cosf. (1)

The polarized asymmetry AN%B isolates' the A contribuition by taking advantage of the separate helicity states.

As a funetion of cos 8:

da[ _ _ do?®

< dcosd cos § dcosG — cosf dcosé’ cosd dcos@ — cos 8

AFB(COS 6) { } { do? } ’ (2)
dcosd cose dC050 — cosd dcosé cosé‘ dcosé — cosf

- where L (R) refer to left (right) incident electron helicity, with P, < 0 (P. > 0). Combining eqations (1) and

(2), one obtains the-le'ft—right forward-backward asymmetry of b-quark production as a function of cos §:

2cosf

- B
Apg(cosb) = P. Ay TT o520’

(3)

We present here preliminary measurements of Ay from a sample of 50,000 Z° decays observed at /s = 91.26
GeV/c?, with an average longitudinal electron polarization of (62.6+1.2)%. Two techniques are presented:
impact-parameter tagged b-events signed with momentum-weighted track charge, and high (P, Pr) lepton tagged

and signed b-events. These two approaches have independent systematic errors.

2. SLD Detector

The SLAC Large Detector* (SLD) analyzes the decays of Z° bosons produced in ete™ collisions at the SLC.
The analysis presented here takes advantage of two tracking components, the Central Drift Chamber (CDC)
and the Slhcon Vertex Detector® (VXD), and two calorimetric components, the Liquid Argon Calorimeter®
(LAC), and the Warm Iron Calorimeter” (WIC).

The CDC provides the main charged particle tracking for the SLD and consists of 80 layers of sense wires,
48 of which are stereo layers, in an axial magnetic field of 0.6 T. Tracks with polar angle |cosf| < 0.71 traverse

all 80 layers, with good reconstruction extending to |cosf| < 0.80. The momentum resolution of the CDC is



[N

(6Py/P1)? = (.01)? 4+ (.0026 P1)%, with Py in GeV/c. The VXD provides precise position measurements of
charged tre}cks near the interaction point, important for impact-parameter tagging of Z° — bb. It consists of
480 silicon CCD chips with a total of 120 million 22x22 pum pixels. Charge division between neighboring pixels
affords an intrinsic position resolution of less than 6 pm. The CCD chips are arranged in four layers, ranging
from 29.5 mm to 41.5 mm in radius. Track acceptance for the VXD extends to | cos8} < 0.75.

The LAC measures the energies of decay products of the Z° and is used for electron identification in the
lepton analysis. The LAC consists of a barrel and two endcap systems, with similar absorber structures. The
LAC is segmented into two layers of 33x33 mr? projective towers in the electromagnetic section (EM), and two
layers of 66x66 mrad? projective towers behind them in the hadronic section (HAD). The two EM layers are
6 and 15 radiation lengths thick, and the two HAD layers are each one interaction length thick. The 0.25A
solenoidal coil lies radially outside the LAC, and extends to the end of the LAC barrel section.

The WIC provides muon identification in the lepton analysis. The WIC consists of 14 layers of 2’; steel plates
instrumented with 18 layers of plastic limited-streamer tubes. The tubes, parallel to the beam and operated in
limited streamer mode, provide 0.4x2.0 cm position resolution for ionizing particles.

The polarization of the electron beam is continuously measured with‘ a Compton polarimeter® located
downstream from the interaction point. Polarization measurements taken close in time to each Z9 decay
are averaged to form a luminosity-weighted polarization with negligible statistical error. The value obtained is
(Pe)e = (62.6 1.2)%, where the systematic error results from polarimeter calibration and chromatic effects in

the SLC electron arc®.

3. Track-Charge Analysis

3.1 Event Selection and Tag

Hadronic Z° decays are selected by requiring that at least 7 well-reconstructed tracks (] cosé| < 0.80) carry a
large visible energy E,s; > 18 GeV/c. The dominant contribution to the residual background, Z° — 77 events, .
is estimated to be less.than 0.2% of the sample.

Details of I;he impact parameter b-tag are given in ref. 11. Briefly, Z° — bb events are tagged by requiring
at least 3 tracks in the event to have two-dimensional impact parameters more than +3¢ distant from the
SLC beam spot. The impact parameters are signed with respect to the nearest jet axis as determined by the
JADE!? algorithm with y.u; = 0.02, using charged tracks as input. We tag 4893 events, with an estimated
efficiency of 65% and purity of 87%, with most of the contamination contributed by Z° — ¢¢ decays. Figure 1
shows the dependence of the tagging fraction on the thrust axis, with a Monte Carlo estimate of the light-quark
background. The thrust axis is determined using energy deposition in the LAC.

3.2 Asymmetry Measurement

For each tagged event, the momentum-weighted track-charge Q, is calculated:

Q=Y Qilfi-1I"sgn(Fi -4), (4)
- - tracks

where £ is a unit vector in the direction of the LAC thrust axis, and x = 0.5 to maximize the correct-sign
probability. The thrust axis is then signed to make ), negative, providing the best estimate of the b quark

direction. Figure 2 shows the distribution of @, and the Monte-Carlo simulation. Figure 3 shows the signed



cos A7 distribution for both helicities of the incident electron beam.
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Figure 1. Impact-parameter tagging
fraction as a function of |cosfr|. The
histogram shows a Monte-Carlo simula-

Figure 2. Momentum-weighted charge
distribution for data and Monte Carlo,

tion with light-quark contamination. for £ =0.5.
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Figure 3. Signed cosfr distribution for tagged events produced with left- and

right-handed beams, illustrating the significant effect of polarization on the forward-
backward asymmetry.
To determine Ay, the double asymmetry AFB(| cos fr]) is formed for each bin in | cosf7|. A small correction
is applied to account for light-quark contamination, as estimated from Monte Carlo, in proportion to each
flavor’s asymmetry and contribution to the tag.

Corrections for asymmetry dilution due to mis-signing and smearing the thrust axis are applied by estimating

in each bin of | cos 8] the quantity {, the asymmetry expected if P, Ay were equal to 1.

2 cos Gy

(1= Agen([cosu)) 5)

((|cosbr]) = {

where cos 6y is the parent quark direction and the average is taken over Monte Carlo events that reconstruct at
cos Op. The estimated fraction of correctly signed events averages ~ 70% over accepted angles. A small (~ 3%)
first-order QCD correction'?13 Agcp(]cosfs]) is applied to the parent asymmetry function.

With this definition, P, A; is the slope of a linear fit to a plot of AFB(I cos O |) versus ((| cos fr|), constrained
to éo through zero. This plot ;s shéwn in Figure 4. The fit is restricted to events in the region |cosfr| < 0.7,

where the tracking is best modeled.
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Figure 4. The observed asymmetry App(|cosfr|),
corrected for light quark contamination, plotted
against the expected asymmetry for P.A, = 1.0, Table 2. Relative systematic errors on
¢(] cosfr|), for each bin of | cosfr|. The slope yields Ay for the track-charge analysis.

P.Ayp.

3.3 Track-Charge Systematic Errors

. The largest systematic errors of the track-charge technique come from uncertainties in the simulation of @,
where the largest contributions arise from uncertainties in the parameters of the SLD B decay model. The effect
of varying the the b-fragmentation function shape and mean value is small because the fragmentation tracks
contribﬁte little to Qp. Mixing is a small error because the BY and the B? have relatively small (Q,). Table 2

summarizes our estimates of these errors, which are combined in quadrature for our preliminary result:
Ap(track charge) = 1.01 + 0.12(stat) & 0.14(sys) (6)

Comparing the track-charge assignment of opposing hemispheres allows confirmation, independent of the value
of P.Ap, that the charge flow is well simulated by the Monte Carlo. The fraction of tagged events with
hemispheres agreeing on the direction of the b quark is denoted Pggree, With Pyisagree = 1 — Pagree. The ratio
(Pagree — Puaisagree)/(Pagree + Paisagree) s found to be 0.0934 + 0.0071 in data and 0.103 £ 0.0035 in the
Monte Carlo,—indicating that the charge flow is properly modeled. One may also compare the widths of two
hemisphere distributions: the sum of @, from each hemisphere, and the difference of @, in each hemisphere
on an event—by—event basis. The asymmetry dilution is directly given by erf(, /%—‘ﬁﬁ— —1). Hemisphere checks
of the modeling are sensitive to correlations between the hemispheres and work is in progress to improve the

understanding of such correlations.
4. Lepton Analysis

The second analysis uses leptons to tag Z° — bb events and to sign the b-quark. This technique has smaller
systematic uncertainties than the track-charge analysis, but it has less statistical power due to the small B

semileptonic branching fraction.

4.1 Lepton Identification

Muons are identified in the WIC by extrapolating tracks measured in the CDC through the LAC and solenoid coil
while properly accounting for energy loss and multiple scattering. Tracks are required to lie within | cos | < 0.70.

The LAC imposes a momentum cutoff of 2.0 GeV/c at normal incidence. Tracks penetrating the LAC and coil



are linked to candidate hits in the 18 layers of the WIC, and tracks are required to penetrate the WIC fully.
For muons with momenta greater than 3.0 GeV/c the efficiency of this procedure is 85%, while the pion
misidentiﬁ.cation probability is estimated to be less than 0.15%.

Electrons are identified in the SLD by extrapolating charged tracks to the barrel LAC. We require that the
total energy collected in the electromagnetic sections in a 3x3 array of towers centered on the extrapolated track
be close to the track momentum, —2¢ < [(E’Menergy)/ptmck] < 30, where ¢ is the expected error in the ratio.
We also require that more than 25% of the EM energy be deposited in the first EM layer. Finally, we require
that there be less than 0.24 GeV/c? deposited in the single hadronic tower to which the track extrapolates. The
estimated efficiency for identifying electrons in hadronic Z° events is 70% for | cos 8| < 0.7. The misidentification

rate for isolated pions is 2% at a mometum of 1 GeV /¢, diminishing to 1% for momenta greater than 4 GeV/c.
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Figure 6. Spectra of tagged lepton candidates projected onto P and Pr with Monte Carlo
estimations of contributions from signal and background sources.

4.2 Asymmetry Measurement

Electrons and muons with high momentum P and high transverse momentum Pr relative to the nearest jet axis

are selected by an elliptical cut of (55=7)? + (7557)? > 1. A total of 560 muon candidates and 454 electron
candidates are selected, and they come predominantly from prompt B decay, as shown in figure 6. Table 3
describes by source the contributions of leptons in this sample, as estimated by Monte-Carlo. The relative

magnitudes of these contributions are used to derive the analyzing power for the lepton asymmetry analyses.

[ SOURCE Asymmetry | Muon Fraction | Electron Fraction J
b—1 +(1 —2x)As 0.723 £ 0.015 0.61040.024
b—e—1 +(1 =2x)As 0.005 4 0.001 0.002 £ 0.001
b—c—1 —(1 = 2x)As 0.050 4 0.004 0.049 + 0.007
c—1 A, =—-0.724; | 0.084 £ 0.005 0.052 + 0.007
light hadron decay | (Asqek) 0.016 + 0.002 0.046 £ 0.007
misidentification (Aback) 0.122 + 0.006 0.241 £ 0.015

- Table 3. Sources of leptons in the high-(P, Pr) sample.

The left-right forward-backward asymmetry Arp (cos @) for the electrons and muons is formed as in the track-

charge analysis, where cos 0y is approximated by the direction of the LAC jet nearest the lepton, rather than the



thrust axis. The charge of the lepton provides b — b discrimination, determining the appropriate sign of cos .

To estimate the asymmetry dilution due to BB mixing, we use the LEP average x = 0.115 & 0.011 as measured

in dilepton-tagged events!?.

both lepton analyses. When

Ay are:

Table 4 summarizes systematic errors in modeling the asymmetry dilutions for

adjusted for the electron polarization, the resulting preliminary measurements of

Ap(muons) = 0.94+0.25+0.11
Ay(electrons) = 0.99+£0.27+0.19

(7)
(8)

SOURCE | Muons | Electrons |
Tracking efficiency 0.03 0.02
Jet axis simulation 0.04 0.04
Background level 0.01 0.07
B Mixing 0.03 0.03
Monte Carlo statistics 0.02 0.03
['(Z° — bb) 0.01 0.02
[(Z° — c?) 0.02 0.01
B, B* lepton spectrum 0.06 0.09.
B; lepton spectrum 0.06 0.07
Ay lepton spectrum 0.01 0.01
¢ fragmentation 0.03 0.03
b fragmentation 0.01 0.04
A, 0.02 0.02
Background asymmetry 0.02 0.10
Polarization 0.02 0.02
Second-order QCD corrections | 0.01 0.01

| TOTAL [ 0.11 [0.19 l

Table 4. Relative systematic errors on Ay for the lepton analyses.
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