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Abstract

SLC/SLD provides the ideal experimental environment to directly mea-

sure the parity violation parameters at the Zbb, Zcc vertex decays. Three

di�erent analysis techniques exploit the multi-purpose detector capabilities

and are briey described; the updated result obtained with the semileptonic

decay method is presented.
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1 Introduction

The electroweak process e+e� ! Z
0 ! ff is described at the tree level by

the di�erential cross-section

d�
f

d cos �
/ (1 �AejPej)(1 + cos2 �) + 2(Ae � jPej)Af cos �; (1)

where Pe = �jPej is the initial state longitudinal polarization (Pe = 0 if

unpolarized), � is the polar angle of f fermion and Af(e) is the parity violation

parameter of the Zff (Zee) vertex coupling. The slope of the cos � linear

term in Eq. 1 is the product of Af with an \e�ective" initial state parity

violation parameter, Ae � Pe, which is equal to Ae if Pe = 0 and increases

(decreases) if Pe !�100% (+100%). The Standard Model value of Ae is �

0.16.

In order to directly measure Af it is necessary:

(i) to isolate the cos � linear term in Eq. 1; this can be done by forming

the Forward-Backward cross-sections combination

F �B = �
f(cos �)� �

f(� cos �) � 4(Ae � jPej)Af j cos �j (2)

(FB asymmetry after normalization);

(ii) to eliminate the Ae dependency; this can be achieved, if Pe 6= 0, by a



Left-Right combination of F �B expressions (LRFB asymmetry) :

(F �B)L � (F �B)R

(F +B)L + (F +B)R
=

2jPejAf j cos �j

1 + j cos �j2
: (3)

A sample of 100,000 Z
0 decays collected in the 1994-95 run with aver-

age electron beam polarization jPej = (77:2 � 0:5)%, and 50,000 Z
0 decays

collected in the 1993 run with jPej = (63:0� 1:1)%, has been analyzed with

three di�erent techniques; competitive determinations of Ab and Ac have

been obtained given the large statistical gain, compared to FB asymmetry

measurements, of (Pe=Ae)
2 � 25 (at jPej � 75%) provided by the LRFB

asymmetry.

The selection of Z0 ! bb (Z0 ! cc) event can be implemented with

di�erent techniques: in the following we will describe the b event selection

procedure.

2 Semileptonic Decay Method

A b avor tag is performed in this method by exploiting the charge correlation

between lepton and parent b quark in semileptonic B hadron decays. The b

quark direction estimator is the lepton closest reconstructed jet axis (JADE

reconstruction procedure [1]).



Electrons and muons identi�cation algorithms rely on the response of

the Liquid Argon Calorimeter [2] and the Warm Iron Calorimeter [3] re-

spectively. Both algorithms take advantage of the Cerenkov Ring Imaging

Detector (CRID) [4] response to reduce, with momentum depending e�cien-

cies, misidenti�ed leptons background.

For the electrons, a Neural Network based identi�cation [5] has been im-

plemented to make optimal use of all detector information available. Leptons

identi�cation algorithms have been tested on pure data track samples: pi-

ons from reconstructed K
0
S decays and electrons from photon conversions in

detector material.

SLD Monte Carlo simulation predicts in each bin of track momentum

(p) and transverse momentum with respect to the nearest jet (pt), lepton

sources fractions in a scheme of maximum likelihood �t to the di�erential

cross section, in which Ab and Ac are free parameters. Monte Carlo/Data

comparison of lepton candidate distributions of p and pt (Fig. 1) lend us

con�dence on the correct simulation of the data sample.

The clear experimental asymmetry shown in Fig. 2 is obtained from data

using a kinematical cut in p and pt, not included in the likelihood scheme,

which enriches the sample of b decay leptons to a purity of � 70%.



Figure 1: MC/Data muons (on left side) and electrons (on right side) distri-

butions of p and pt.

Figure 2: Experimentally observed Left-Right Forward-Backward aymmetries

compared with theoretical function.



Systematic source �Ab �Ac

Lepton mis-ID rate 0.009 0.017

Background asymmetry 0.003 0.022

Jet axis simulation 0.029 0.022

MC weights 0.016 0.017

Tracking e�ciency 0.009 0.002

Rb = 0.2216�0.0017 {0.003 0.001

Rc = 0.16�0.01 0.005 {0.030

� = 0.122�0.006 0.017 0.000

Br(b! `) = 10.75�0.23% {0.007 0.010

Br(b! c! `) =8.10�0.37% 0.005 {0.023

b fragmentation 0.001 0.006

c fragmentation 0.006 0.014

Br(b! �c! `) 0.005 0.034

Br(b! � ! `) 0.000 0.006

Br(c! `) 0.004 0.023

b! ` model 0.016 0.023

c! ` model 0.011 0.007

Beam polarization 0.009 0.005

QCD correction 0.005 0.012

Total systematic 0.047 0.076

Table 1: Systematic errors for Ab and Ac with the semileptonic method.

Systematic errors (Tab. 1) have been evaluated according to a world-wide

accepted set of prescriptions [6]; the branching ratios used are in much better

agreement with the world averages with respect to the 1995 result. The

preliminary muon and electron combined results ( [7]) for the whole 1993-95

data sample are:

Ab = 0:88 � 0:07(stat)� 0:05(syst),



Ac = 0:61 � 0:10(stat)� 0:08(syst).

3 Jet-Charge Method

This is the method which holds the highest analysing power [8]: b events are

selected using a 2D impact parameter tag (61% e�ciency and 89% purity);

a momentum weighted event charge is then formed to obtain the b avor tag

and sign the thrust axis of the tagged events accordingly.(Fig. 3).

The correct-sign probability can be totally inferred from data (self-calibration)

under the assumption that event hemispheres are uncorrelated. However

interhemisphere correlations are not negligible: they are induced by funda-

mental physical mechanisms, such as total charge conservation, which are

di�erently described in the available hadronization process models. The sys-

tematic in the estimation of hemisphere correlation has been evaluated using

three di�erent event generators (Fig. 3) and turns out to be one of the largest

errors in the analysis (3:7%).

A maximum likelihood �t including event avor composition and correct-

sign probabilities, is used to extract Ab; the preliminary 1993-95 result ob-

tained is Ab = 0:843 � 0:046(stat)� 0:051(syst).
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Figure 3: Distributions of the signed thrust axis for events with Pe < 0

(left) and Pe > 0 (right) in the tagged 1993-95 data sample. The clear FB

asymmetry described by Eq. 1 is enhanced in the 1994-95 tagged data sample

given the higher polarization value.
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Figure 4: Comparison of generator-level correlations in the JETSET 7.4

string fragmentation model (default), JETSET's independent fragmentation

option, and HERWIG 5.7. The correlations are shown for two-jet events

where jets are found with the JADE algorithm, as a function of the jet reso-

lution parameter ycut.
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Figure 5: Distributions of the signed thrust axis with kaon event charge, for

events with Pe < 0 (left) and Pe > 0 (right) in the tagged 1994-95 data

sample. The dashed areas represent the charm background showing the same

FB asymmetry sign of signal events.

4 Kaon-Charge Method

This method exploits the kaon production in b events; kaons produced in the

decay chain B ! D ! K
� inherit the charge sign of b parent quark.

Kaon identi�cation is based on the gas radiator response of the CRID, for

tracks in the momentum region 3 � 20GeV , belonging to a lifetime tagged

events sample; the identi�cation is calibrated using data pions from K
0
S de-

cays and data � -decays (1-prong and 3-prong topologies) which have well

known small K� production rates (� ! K = 7:2%, purity = 75%). The



charge of identi�ed kaons is used to build the event charge which signs the

event thrust axis (Fig. 5). The fraction of correct signed b events (71%) is

obtained from Monte Carlo.

After subtraction of udsc background, Ab is obtained as a Monte Carlo

scaling factor needed to �t the LRFB data asymmetry [9]:

Ab = 0:91 � 0:09(stat)� 0:09(syst).

5 Combined Ab, Ac Results

A simultaneous �t to Ab and Ac has been performed including all the mea-

surements described in the previous sections and another SLD determination

of Ac which uses reconstructed charmed mesons [10]. All the systematic cor-

relations between measurements have being taken into account, the combined

SLD results are

Ab = 0:863 � 0:049

Ac = 0:625 � 0:084.

In the Zbb parametrization scheme of Takeuchi et al. [11], the deviations

from the SM predictions are expressed in terms of two quantities, in addi-

tion to �sin
2
�
eff
W : a cross section like variable �b and a parity violation like
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Figure 6: Zbb coupling parity violation vs. �sin2�
eff
W .

variable �b. Fig. 6 shows the (�b, �sin
2
�
eff
W ) plot as constrained by current ex-

perimental results. The SM point at (0,0) is determined by mtop = 180GeV ,

mH = 300GeV , �S = 0:117 and �EM = 1=128:96; the horizontal segment

below (0,0) is given by SM mtop, mH variations; the 68% and 90% C.L.

contours for the best �t to all data are also shown.

6 Acknowledgements

I thank the personnel of the SLAC Accelerator Department and the technical

sta�s of our collaborating institutions for their outstanding e�orts on our

behalf.



References

[1] W. Bartel et al., Z. Phys. C 33, 23 (1986).

[2] D. Axen et al., Nucl. Instrum. Methods A 328, 472 (1993).

[3] A. Benvenuti et al., Nucl. Instrum. Methods A 276, 94 (1989); Nucl.

Instrum. Methods A 290, 353 (1990).

[4] D. Aston et al., Nucl. Instrum. Methods A 283, 582 (1989); K. Abe et

al., SLAC-PUB-5214, (1990).

[5] D. Falciai, Proc. of the 4th Int. Workshop on Software Engineering,

Arti�cial Intelligence and Expert Systems for High Energy and Nuclear

Physics, pp. 431-436 (1995); SLD Physics Note 44 (1995).

[6] Presentation of LEP Electroweak Heavy Flavour Results for Summer

1996 Conferences, LEPHF/96-01/.

[7] SLD Collaboration: K. Abe et al., SLAC-PUB-96-7233 (1996).

[8] SLD Collaboration: K. Abe et al., SLAC-PUB-95-6979 (1995).

[9] SLD Collaboration: K. Abe et al., Contribution (EPS0251) to the 1995

Int. Europhysics Conference on High Energy Physics, Brussels (1995).

[10] SLD Collaboration: K. Abe et al., SLAC-PUB-95-7019 (1995).

[11] R. Takeuchi, A. Grant and J. Rosner, Proc. of the 8th Meeting of DPF,

pp. 1231-1240 (1994).



The SLD Collaboration

K. Abe,(19) K. Abe,(29) I. Abt,(13) T. Akagi,(27) N.J. Allen,(4) W.W. Ash,(27)y

D. Aston,(27) K.G. Baird,(24) C. Baltay,(33) H.R. Band,(32) M.B. Barakat,(33)

G. Baranko,(9) O. Bardon,(15) T. Barklow,(27) G.L. Bashindzhagyan,(18)

A.O. Bazarko,(10) R. Ben-David,(33) A.C. Benvenuti,(2) G.M. Bilei,(22)

D. Bisello,(21) G. Blaylock,(6) J.R. Bogart,(27) T. Bolton,(10) G.R. Bower,(27)

J.E. Brau,(20) M. Breidenbach,(27) W.M. Bugg,(28) D. Burke,(27) T.H. Burnett,(31)

P.N. Burrows,(15) W. Busza,(15) A. Calcaterra,(12) D.O. Caldwell,(5)

D. Calloway,(27) B. Camanzi,(11) M. Carpinelli,(23) R. Cassell,(27)

R. Castaldi,(23)(a) A. Castro,(21) M. Cavalli-Sforza,(6) A. Chou,(27) E. Church,(31)

H.O. Cohn,(28) J.A. Coller,(3) V. Cook,(31) R. Cotton,(4) R.F. Cowan,(15)

D.G. Coyne,(6) G. Crawford,(27) A. D'Oliveira,(7) C.J.S. Damerell,(25)

M. Daoudi,(27) R. De Sangro,(12) P. De Simone,(12) R. Dell'Orso,(23)

P.J. Dervan,(4) M. Dima,(8) D.N. Dong,(15) P.Y.C. Du,(28) R. Dubois,(27)

B.I. Eisenstein,(13) R. Elia,(27) E. Etzion,(4) D. Falciai,(22) C. Fan,(9) M.J. Fero,(15)

R. Frey,(20) K. Furuno,(20) T. Gillman,(25) G. Gladding,(13) S. Gonzalez,(15)

G.D. Hallewell,(27) E.L. Hart,(28) A. Hasan,(4) Y. Hasegawa,(29) K. Hasuko,(29)

S. Hedges,(3) S.S. Hertzbach,(16) M.D. Hildreth,(27) J. Huber,(20) M.E. Hu�er,(27)

E.W. Hughes,(27) H. Hwang,(20) Y. Iwasaki,(29) D.J. Jackson,(25) P. Jacques,(24)

J. Jaros,(27) A.S. Johnson,(3) J.R. Johnson,(32) R.A. Johnson,(7) T. Junk,(27)

R. Kajikawa,(19) M. Kalelkar,(24) H. J. Kang,(26) I. Karliner,(13) H. Kawahara,(27)

H.W. Kendall,(15) Y. Kim,(26) M.E. King,(27) R. King,(27) R.R. Koer,(16)

N.M. Krishna,(9) R.S. Kroeger,(17) J.F. Labs,(27) M. Langston,(20) A. Lath,(15)

J.A. Lauber,(9) D.W.G.S. Leith,(27) V. Lia,(15) M.X. Liu,(33) X. Liu,(6)

M. Loreti,(21) A. Lu,(5) H.L. Lynch,(27) J. Ma,(31) G. Mancinelli,(22) S. Manly,(33)



G. Mantovani,(22) T.W. Markiewicz,(27) T. Maruyama,(27) R. Massetti,(22)

H. Masuda,(27) E. Mazzucato,(11) A.K. McKemey,(4) B.T. Meadows,(7)

R. Messner,(27) P.M. Mockett,(31) K.C. Mo�eit,(27) B. Mours,(27) D. Muller,(27)

T. Nagamine,(27) S. Narita,(29) U. Nauenberg,(9) H. Neal,(27) M. Nussbaum,(7)

Y. Ohnishi,(19) L.S. Osborne,(15) R.S. Panvini,(30) H. Park,(20) T.J. Pavel,(27)

I. Peruzzi,(12)(b) M. Piccolo,(12) L. Piemontese,(11) E. Pieroni,(23) K.T. Pitts,(20)

R.J. Plano,(24) R. Prepost,(32) C.Y. Prescott,(27) G.D. Punkar,(27) J. Quigley,(15)

B.N. Ratcli�,(27) T.W. Reeves,(30) J. Reidy,(17) P.L. Reinertsen,(6)

P.E. Rensing,(27) L.S. Rochester,(27) P.C. Rowson,(10) J.J. Russell,(27)

O.H. Saxton,(27) T. Schalk,(6) R.H. Schindler,(27) B.A. Schumm,(14) S. Sen,(33)

V.V. Serbo,(32) M.H. Shaevitz,(10) J.T. Shank,(3) G. Shapiro,(14) D.J. Sherden,(27)

K.D. Shmakov,(28) C. Simopoulos,(27) N.B. Sinev,(20) S.R. Smith,(27)

J.A. Snyder,(33) P. Stamer,(24) H. Steiner,(14) R. Steiner,(1) M.G. Strauss,(16)

D. Su,(27) F. Suekane,(29) A. Sugiyama,(19) S. Suzuki,(19) M. Swartz,(27)

A. Szumilo,(31) T. Takahashi,(27) F.E. Taylor,(15) E. Torrence,(15)

A.I. Tranda�r,(16) J.D. Turk,(33) T. Usher,(27) J. Va'vra,(27) C. Vannini,(23)

E. Vella,(27) J.P. Venuti,(30) R. Verdier,(15) P.G. Verdini,(23) S.R. Wagner,(27)

A.P. Waite,(27) S.J. Watts,(4) A.W. Weidemann,(28) E.R. Weiss,(31)

J.S. Whitaker,(3) S.L. White,(28) F.J. Wickens,(25) D.A. Williams,(6)

D.C. Williams,(15) S.H. Williams,(27) S. Willocq,(33) R.J. Wilson,(8)

W.J. Wisniewski,(27) M. Woods,(27) G.B. Word,(24) J. Wyss,(21)

R.K. Yamamoto,(15) J.M. Yamartino,(15) X. Yang,(20) S.J. Yellin,(5)

C.C. Young,(27) H. Yuta,(29) G. Zapalac,(32) R.W. Zdarko,(27) C. Zeitlin,(20)

and J. Zhou,(20)



(1)Adelphi University, Garden City, New York 11530

(2)INFN Sezione di Bologna, I-40126 Bologna, Italy

(3)Boston University, Boston, Massachusetts 02215

(4)Brunel University, Uxbridge, Middlesex UB8 3PH, United Kingdom

(5)University of California at Santa Barbara, Santa Barbara, California 93106

(6)University of California at Santa Cruz, Santa Cruz, California 95064

(7)University of Cincinnati, Cincinnati, Ohio 45221

(8)Colorado State University, Fort Collins, Colorado 80523

(9)University of Colorado, Boulder, Colorado 80309

(10)Columbia University, New York, New York 10027

(11)INFN Sezione di Ferrara and Universit�a di Ferrara, I-44100 Ferrara, Italy

(12)INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy

(13)University of Illinois, Urbana, Illinois 61801

(14)Lawrence Berkeley Laboratory, University of California, Berkeley, California

94720

(15)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

(16)University of Massachusetts, Amherst, Massachusetts 01003

(17)University of Mississippi, University, Mississippi 38677

(18)Moscow State University, Institute of Nuclear Physics, 119899 Moscow,

Russia

(19)Nagoya University, Chikusa-ku, Nagoya 464 Japan

(20)University of Oregon, Eugene, Oregon 97403

(21)INFN Sezione di Padova and Universit�a di Padova, I-35100 Padova, Italy

(22)INFN Sezione di Perugia and Universit�a di Perugia, I-06100 Perugia, Italy

(23)INFN Sezione di Pisa and Universit�a di Pisa, I-56100 Pisa, Italy



(24)Rutgers University, Piscataway, New Jersey 08855

(25)Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX United

Kingdom

(26)Sogang University, Seoul, Korea

(27)Stanford Linear Accelerator Center, Stanford University, Stanford, California

94309

(28)University of Tennessee, Knoxville, Tennessee 37996

(29)Tohoku University, Sendai 980 Japan

(30)Vanderbilt University, Nashville, Tennessee 37235

(31)University of Washington, Seattle, Washington 98195

(32)University of Wisconsin, Madison, Wisconsin 53706

(33)Yale University, New Haven, Connecticut 06511

yDeceased

(a)Also at the Universit�a di Genova

(b)Also at the Universit�a di Perugia


