SLAC—PUB—6648

October1994

(M)

*Work supported by the U.S. Department of Energy under Contract DE-AC03-76SF00515.

�SLD Collaboration list of authors and institutions follows references.

THE LEFT-RIGHT FORWARD-BACKWARD ASYMMETRY

OF HEAVY QUARKS MEASURED WITH

JET CHARGE AND WITH LEPTONS AT THE SLD*

DAVID C. WILLIAMS

Massachusetts Institute of Technology , Cambridge, MA 02139

and

Stanford Linear Accelerator Center, Stanford University, Stanford CA 94309

Representing the SLD Collaboration �

ABSTRACT

We present direct measurements of the left-right asymmetry of b- and

c-quarks from the decay of Z0 bosons produced in the annihilation of longitudi-

nally polarized electrons and unpolarized positrons. Two complementary tech-

niques are presented: 1) Z0fibb decays are tagged using track impact parameters withbb discrimination provided by momentum-weighted track charge;

2) Semileptonicb-decays are tagged using highp andpT muons and electrons. The preliminary results from our 1993 data sample are:Ab = 0.93– 0.13– 0.13 for the jet charge andAb = 0.93– 0.14– 0.09, andAc = 0.40– 0.23– 0.20 for the leptons, where the �rst error is statistical and the second systematic.

1. Introduction

Measurements of the fermion asymmetries at the Z0 provide direct probes of the

parity violating left-right asymmetry and hence provide a sensitive

test of Standard Model predictions. The left-right forward-backward asymmetry iso-

lates the Af term by taking advantage of the electron beam polarization: 1 (1) where s is the differential cross section fore+ e—fi Zfi f f and L (R) refers to left (right)

incident electron helicity, withPe < 0 (Pe > 0).

We present preliminary measurements2 ofAb andAc from a sample of 50,000Z0

decays observed at = 91.26 GeV, with an average longitudinal electron polarization of

63.0– 1.1%.3 The SLD detector is described elsewhere.4,6

2. Track-Charge Analysis

HadronicZ0 decays are selected by requiring that at least 7 well reconstructed

tracks within |cosq| < 0.80 carry a large visible energyEvis > 18 GeV. The dominant con-

tribution to the residual background,Z0fitt events, is estimated to be less than 0.2% of

the sample. Details of the impact parameterb-tag are given in Ref. 5.

The jet chargeQp can be written:

(2)

A v a v a

f f f f f = +( ) 2 2 2ÃFBb ~ ( cos ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) A y y y y y y y y y P A yy

FBf L L R R

L L R R e f = = − − ( )− − − ( ) + − ( )+ + − ( ) = + θ σ σ σ σ σ σ σ σ 21 2 sQ Q p t p t

p i i i tracks = ⋅ ⋅ − r r̂ ^ κ 1

2where is a unit vector in the direction of the thrust axis. To determine

Ab, the sign of measured by calorimetry in tagged events is chosen such the

Qp is negative. is then used as the estimate of the b-quark direction where a k of 0.5 is chosen to maximize the correct-sign probability. The result is shown in Fig. 1.

To determine

Ab, the double asymmetry is formed for each bin in |cos q|and corrected for bin-dependent tag contamination. The result is compared against Monte

Carlo predictions at 100% asymmetry to account for bin-dependent

Qp resolution and thrust axis smearing. In addition a �rst-order QCD correction 7,8

(2—5%) is applied. A linear �t through points representing each bin plotted as data verses Monte Carlo produces a slope equal to a measurement of

PeAb (see Fig. 2).

The dominant systematic error arises from a lack of a satisfactory explanation for variation in the measured value of

Ab when the tag requirement is varied from 2 tracks at Fig. 1.Signed cos qT distribution for tagged events produced with left- and right-handed beams, illustrating the signi�cant effect of polarization on the forward-backward asymmetry. t̂ t̂ cosθ_T

SLD Preliminary

Left

Tagged Events

Right050100150200250-1-0.500.51050100150200250-1-0.500.51

Expected Asymmetry (Monte Carlo)

Measured Asymmetry

1 2

3 4

5 6 7

Slope = P_eA_b = 0.583 Α 0.081

SLD Preliminary

0

0.05

0.1

0.15

0.2

0.25

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

~ (cos ) AFB^b Tθ Table 1.Relative systematic errors on

Ab for the track-charge analysis.

Contribution % Error

Physics

B-Decay Model 7 b Fragmentation 2

B—B mixing 1

Polarization 2

Detector and Tag

Tracking Ef�ciency 4

Thrust Axis Resolution 2

Tag Modeling 10

Monte Carlo Statistics 5

Total (Quadrature Sum) 14 AFBb θ

3+2s impact parameter to 4 tracks at +4 s. Table 1 summarizes our estimates of these and other errors, which are combined in quadrature for our preliminary result: Ab = 0.93

– 0.13 (stat)

– 0.13 (sys) (3) 3.Lepton Analysis Electrons are identi�ed by extrapolating charged tracks to the barrel liquid argon calorimeter (LAC) and analyzing the energy deposited in nearby towers. The energy is required to match the momentum of the track and follow the longitudinal pro�le of an immediate electromagnetic shower. The ef�ciency for identifying electrons in hadronic

Z0events is 55% within acceptance. Above 2 GeV, pion misidenti�cation is less than 0.8%. Ninety percent of electron candidates from gamma conversions are identi�ed and removed by searching for a match with a second track consistent with the decay of a massless particle outside a radius of 2 cm. Muons are identi�ed by matching charged tracks to hits in the 18 active layers of the warm iron calorimeter. Muons candidates are also required to have at least two hits in the last four active layers, forcing the track to penetrate at least 7.3 interaction lengths. Above 3 GeV ef�ciency is 85% and pion misidentifcation is below 0.3%. 6 Jets are identi�ed using LAC energy clusters and the JADE 9 algorithm with ycut =0.005. The jet angular resolution is approximately 20 millirad. Event selection is a slightly looser version of the one used for the jet charge. To determine the best estimates of

Ab and

Ac, we use the following probability function: (4) where

DQCD are the q-dependent �rst-order QCD corrections

7,8 and

Ah is the p and pTFig. 3.Spectra of tagged lepton candidates projected onto p and pT with Monte Carlo estimations of contributions from signal and background sources.

datab 5 l b 5 c 5 l c 5 lall other sources misidentification

Total Momentum (GeV)

Muon Candidates

Transverse Momentum (GeV)

Muon Candidates

Muons

SLD Preliminary

SLD Preliminary

0200 400600 800 1000 1200 1400

5 10 15 20 25 30 35

0100 200300 400500 600700 800

0 0.5 1 1.5 2 2.5 3 3.5

datab 5 l b 5 c 5 l c 5 lall other sources misidentification

Total Momentum (GeV)

Electron Candidates

Transverse Momentum (GeV)

Electron Candidates

Electrons

SLD Preliminary

SLD Preliminary

0250 500750 1000 1250 1500 1750 2000 2250

5 10 15 20 25 30 35

0200 400600 800 1000 1200 1400

0 0.5 1 1.5 2 2.5 3 3.5

– – – – – – – – – – – –

G fi G fi – L