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Abstract

We present selected results on strong interaction physics from the SLD experiment at

the SLAC Linear Collider. We report on several new studies of 3- and 4-jet hadronic Z0

decays, in which jets are identi�ed as quark, antiquark or gluon. The 3-jet Z0!b�bg rate

is sensitive to the b-quark mass; prospects for measuring mb are discussed. The gluon

energy spectrum is measured over the full kinematic range, providing an improved test

of QCD and limits on anomalous bbg couplings. The parity violation in Z0! b�bg decays

is consistent with electroweak theory plus QCD. New tests of T- and CP-conservation

at the bbg vertex are performed. A new measurement of the rate of gluon splitting into

b�b pairs yields gb�b=0:0031�0:0007(stat:)�0:0006(syst:) (Preliminary). We also present

a number of new results on jet fragmentation into identi�ed hadrons. The B hadron

energy spectrum is measured over the full kinematic range using a new, inclusive tech-

nique, allowing stringent tests of predictions for its shape and a precise measurement

of hxBi = 0:714�0:005(stat:)�0:007(syst:) (Preliminary). A detailed study of correla-

tions in rapidity y between pairs of identi�ed ��, K� and p/�p con�rms that strangeness

and baryon number are conserved locally, and shows local charge conservation between

meson-baryon and strange-nonstrange pairs. Flavor-dependent long-range correlations

are observed for all combinations of these hadron species, yielding new information on

leading particle production. The �rst study of correlations using rapidities signed such

that y > 0 corresponds to the quark direction provides additional new insights into frag-

mentation, including the �rst direct observation of baryon number ordering along the q�q

axis.
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1. Introduction

We present an overview of a number of recent measurements from the SLD experiment,

using hadronic decays of Z0 bosons produced in e+e� annihilations. First we present a

number of precision tests of QCD in the perturbative regime using 3- and 4-jet �nal states.

The goal here is sensitivity to radiative corrections to the reaction e+e�!Z0=! q�q(g)

induced by known e�ects, such as the large mass of the b-quark, or by new physics.

Such e�ects are expected at the few percent level, so the e�ects of higher order gluon

radiation must be understood or suppressed at this level. Since we do not observe partons

directly, rather the jets of particles into which they fragment, it is essential to understand

the properties of these jets. Here we present two new, detailed studies of jet formation

involving identi�ed hadrons measured over a wide energy range.

A key to improving upon existing studies of multijet events has been the identi�cation

of the parton species that initiated a particular jet, or the identi�cation of the primary q

avor in e+e�! q�q. For example, the strong coupling �s can be measured from R3, the

fraction of 3-jet e+e�!q�qg events, but the precision is limited by theoretical uncertainties

to the level of �5%. However one can test the fundamental anzatz of avor independence

of �s by comparingR3 in events of di�erent avors so that many uncertainties cancel. The

ratio rb = Rb
3=R

uds
3 has been measured with su�cient precision that it is sensitive to the

mass of the b-quark,mb, introducing additional theoretical and experimental uncertainties.

Here we review our latest measurements [1] of rb, and discuss prospects for the precise

measurement of mb.

Experimental studies of the structure of 3-jet events have typically used energy and

angle distributions of energy-ordered jets. Since the gluon is expected to be the lowest-

energy jet in most events, this su�ces to con�rm the q�qg origin of such events and to

determine the gluon spin [2]. The identi�cation of the three jets in such events would

allow more complete and stringent tests of QCD. Here we present a study [3] of 3-jet �nal

states in which two of the jets are tagged as b or �b jets. The remaining jet is tagged as

the gluon jet and its energy spectrum studied over the full kinematic range. Adding a

tag of the charge of the b or �b jet, and exploiting the high electron beam polarization of

the SLC, we measure [4] two angular asymmetries sensitive to parity violation in the Z0

decay, and also construct new tests of T- and CP-conservation at the bbg vertex.

The rate of secondary heavy avor production via gluon splitting, g! c�c, g! b�b is a

sensitive test of QCD, as it is suppressed strongly by the mass of the heavy quark, but is

still expected to be the dominant source of secondary heavy hadrons. Here we present a

measurement of the g!b�b rate [5] that is complementary to other measurements in this

rapidly emerging �eld.

The study of events containing b/�b quarks is especially useful, both as important input

into measurements such as electroweak parameters (Rb and Ab) in Z0 decays and bottom

production in hadron-hadron collisions, and also as a sensitive probe of any new physics

that couples more strongly to heavier quarks.

The process of jet formation is not understood quantitatively, due to the di�culty

of perturbative calculations in this soft regime. A number of phenomenological models
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have been developed, and it is essential to understand the properties of jets empirically

in order to test these models and encourage theoretical development. Since jets are used

in many precision tests of electroweak and strong physics (e.g. those described below),

and will constitute both the largest signal for and the background to any heavy particles

discovered in the future, our understanding, even if only through models, must be as

complete as possible.

The production of heavy hadrons from heavy primary quarks is relatively easy to

calculate perturbatively due to the cuto� introduced by the large quark mass. A number

of calculations and model predictions for the energy spectrum of bottom hadrons now

exist and await precise testing. Experimental studies of the B-hadron spectrum have

been limited by the e�ciency for reconstructing the energies EB of individual B hadrons

with good resolution, especially for low-energy B hadrons. Here we present a study [6]

of the EB distribution using a novel kinematic technique and only charged tracks. The

high e�ciency and good resolution for all EB , results in a measurement covering the full

kinematic range.

Lighter identi�ed particles are also an active �eld of study. The production of strange

particles and baryons is of particular interest as they must be produced in strange-

antistrange or baryon-antibaryon pairs, and the mechanism of their pair production can

yield insights into the fragmentation process. Previous studies of rapidity correlations

have shown that the conservation of such quantum numbers is predominantly local or

short-range, i.e. the two particles are produced close together in the jet phase space.

There is also evidence for long-range correlations from the leading particles in the two

hemispheres of an event that contain the primary quark and antiquark.

Here we present detailed studies [7] of short- and long-range correlations between

identi�ed ��, K� and p/�p that improve substantially upon previous measurements. In

addition, we use the SLC beam polarization to tag the quark hemisphere in each event and

study for the �rst time rapidities signed such that positive (negative) rapidity corresponds

to the (anti)quark hemisphere. Ordered di�erences in signed rapidity provide further

unique insights into jet fragmentation, in particular being sensitive to local ordering of

quantum numbers along the q�q axis.

Unless otherwise noted, these measurements use the entire SLD hadronic sample of

550,000 events recorded from 1993 to 1998. Each exploits some of the unique feaures

of the SLC/SLD program, such as the highly longitudinally polarized electron beam,

small transverse beam size, and excellent vertex detection and particle identi�cation.

The magnitude of the beam polarization averaged 73%, providing high sensitivity to

parity violating observables and a quark hemisphere tag of 73% purity. The collision

region typically measured 0.8 �m vertically by 1.8 �m horizontally, which with the vertex

detector gives a transverse impact parameter resolution of �� = 8 � 29=p sin3=2 � �m,

providing excellent heavy- and light-avor tagging. We use a topological algorithm [8]

that �nds secondary vertices cleanly and e�ciently, and also measures the ight direction

independent of the momenta of the tracks in the vertex. Cutting on the vertex mass

provides B (charmed) hadron samples of up to 98% (70%) purity. In addition we consider
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Figure 1: The measured 3-jet rate ratios rc and rb for six di�erent jet �nding algorithms.
The predictions of the NLO QCD calculation of [10] are shown as the arrows whose tails
(heads) represent an mb(mZ) value of 3.5 (2.5) GeV/c

2.

the number of tracks in an event or jet, n
(m)

sig , that have a normalized transverse impact

parameter wrt the interaction point (IP) of �=�� > m. Heavy hadron decays tend to give

n
(m)

sig > 0, and the absence of such tracks provides an e�cient light-avor tag.

2. Flavor Independence and mb

Well contained hadronic events [9] are selected and jets are counted in each using six

collinear- and infrared-safe algorithms, with a set of optimized ycut values. A combina-

tion [1] of the event n
(2)

sig and the masses and momenta of the secondary vertices (if any)

in each jet is used to tag each event as light(uds)-, c-, or b-avor. The 3-jet rates R3 in

these three subsamples are unfolded for the e�ects of hadronization, detector e�ciency

and tagging e�ciencies and biases, and the ratios rc = Rc
3=R

uds
3 and rb = Rb

3=R
uds
3 are

shown in �g. 1.

All six rc values are consistent with unity, however only one rb value is within one

standard deviation of unity. Furthermore the deviation from unity is di�erent for di�erent

algorithms, and the six results show more scatter than would be expected given the high

statistical correlation between them. This can be understood as an e�ect of the b-quark

mass, mb, which leads to a suppression of collinear gluon radiation, and also a�ects the
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jet�nders directly, as they use the mass in di�erent ways in their clustering metrics.

There are several recent NLO calculations [10, 11] of the expected shift in rb, which give

consistent predictions. Those of [10] are shown as the arrows on �g. 1 for values of the

running mass of mb(mZ) = 3:0 � 0:5 GeV/c2; qualitative agreement with the data is

evident.

We therefore used this prediction to extract ratios of the strong coupling:

�cs=�
uds
s = 1:036� 0:043(stat:)+0:041

�0:045(syst:)
+0:020
�0:018(theory)

�bs=�
uds
s = 1:004� 0:018(stat:)+0:026

�0:031(syst:)
+0:018
�0:029(theory);

using one-sixth of the data sample. The experimental uncertainty is expected to improve

substantially when the entire sample is analyzed, and a dominant theoretical error on the

latter ratio is from the uncertainty on mb(mZ).

Recently, a number of groups [12, 13] have tried an alternative strategy of using these

or similar data to measure mb(mZ) assuming avor independence of �s. The experimen-

tal precision is already very good, however it is important to consider possible theoretical

uncertainties. For example Brandenburg et al. have shown [12], using an updated calcu-

lation, that our six values of rb are inconsistent if only experimental errors are considered.

Postulating an additional 2% theoretical uncertainty due to uncalculated higher order

terms, they extract

mb(mZ) = 2:56� 0:27(stat:)+0:28
�0:38(syst:)

+0:49
�1:48(theory) GeV=c

2
;

where the latter error has large contributions from uncertainties in the hadronization cor-

rection as well as from the postulated theoretical uncertainty. If our theoretical knowledge

is improved in these two areas, then this promises to provide a precise measurement of

the b-quark mass.

3. The Gluon Energy Spectrum

Hadronic events with exactly 3 jets (JADE algorithm, ycut = 0:02) are selected. Jet

energies Ei are calculated from the interjet angles [9], and the jets are energy ordered:

E1>E2>E3. We require n
(3)

sig � 2 in exactly two of the three jets, and the remaining jet

is tagged as the gluon jet. This yields 8196 events with an estimated purity of correctly

tagged gluon jets of 91%. In 3.0% (12.9%) of these events, jet 1(2), the (second) highest

energy jet, is tagged as the gluon jet, giving coverage over the full kinematic range.

The distribution of the scaled gluon energy xg = 2Eg=
p
s is corrected [3] for non-b�bg

and mistag backgrounds, selection e�ciency and resolution. The fully corrected spectrum,

�g. 2, shows the expected falling behaviour with increasing xg. It is cut o� at low xg by

the �nite ycut value. Also shown are the predictions of �rst and second order QCD [10];

both describe the data in general, but not in detail. The prediction of the JETSET [14]

parton shower simulation is also shown and reproduces the data. We thus con�rm the
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Figure 2: The fully corrected scaled gluon energy distribution (dots). The predictions
of leading- and next-to-leading-order QCD and of a parton shower simulation are shown
as the dashed, dot-dashed and solid lines, respectively. The thin dashed line shows the
prediction for an anomalous chromomagnetic coupling at the bbg vertex with relative
strength 0.75.

prediction of QCD, although higher order e�ects are clearly important in the intermediate

gluon energy range, 0:2 < xg < 0:4.

The xg spectrum is particularly sensitive to the presence of an anomalous chromo-

magnetic term in the strong interaction Lagrangian. A �t of the theoretical prediction

[15] including an anomalous term parametrized by a relative coupling �, yields a value

of � = �0:01� 0:05 (Preliminary), consistent with zero, and corresponding to 95% C.L.

limits on such contributions to the bbg coupling of �0:11 < � < 0:08.

4. Parity Violation in 3-Jet Z0 Decays

We now consider two angles, the polar angle of the quark with respect to the electron

beam direction �q, and the angle between the quark-gluon and quark-electron beam planes

�=cos�1(p̂q�p̂g)�(p̂q�p̂e). The cosine x of each of these angles should be distributed as

1+x2+2APAZx, where the Z
0 polarization AZ=(Pe�Ae)=(1�PeAe) depends on that of

the e� beam Pe, and Ae and AP =A0Aq are predicted by QCD plus electroweak theory.

Three-jet events (Durham algorithm, ycut = 0:005) are selected and energy ordered.

The 14,658 events containing a secondary vertex with mass above 1.5 GeV/c2 in any jet

are kept, having an estimated b�bg purity of 85%. We calculate the momentum-weighted
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Figure 3: Left-right-forward-backward asymmetry of the b-quark polar angle in 3-jet Z0

decays. The line is the result of a �t.
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Figure 4: Left-right-forward-backward asymmetry of the angle � in 3-jet Z0 decays. The
dashed and solid lines are the QCD prediction and the result of a �t, respectively.

charge of each jet j, Qj = �iqij~pi � p̂jj0:5, using the charge qi and momentum ~pi of each

track i in the jet. We assume that the highest-energy jet is not the gluon, and tag it as

the b (�b) if Q = Q1 � Q2 � Q3 is negative (positive). We de�ne the b-quark polar angle

by cos �b = �sign(Q)(p̂e � p̂1).
The left-right-forward-backward asymmetry Ab

LRFB in cos �b [4] is shown as a function

of j cos �bj in �g. 3. The clear asymmetry increases with increasing j cos �bj in the expected
way. A �t to the data yields an asymmetry parameter of AP =0:91�0:05(stat:)�0:06(syst:)
(Preliminary), consistent with the QCD prediction of AP = 0:93Ab = 0:87.

We then tag one of the two lower energy jets as the gluon jet: if jet 2 has n
(3)

sig = 0

and jet 3 has n
(3)

sig > 0, then jet 2 is tagged as the gluon; otherwise jet 3 is tagged as

the gluon. We construct the angle �, and A�
LRFB is shown as a function of � in �g. 4.

Here we expect only a small deviation from zero as indicated by the dashed line on �g. 4.

Our measurement is consistent with the prediction, as well as with zero. A �t yields

A�=�0:014�0:035�0:002 (Preliminary), to be compared with an expectation of �0.064.
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ordered (bottom) triple product. The solid (dashed) lines represent �ts to the data (95%
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5. Symmetry Tests in Z0
! b�bg Events

Using these fully tagged events, we can construct observables that are formally odd under

time reversal and/or CP reversal. For example, the triple product cos!+=~�Z �(p̂1� p̂2),
formed from the directions of the Z0 polarization ~�Z and the highest- and second highest-

energy jets, is TN -odd and CP-even. Since the true time reversed experiment is not

performed, this quantity could have a nonzero ALRFB, and we have previously set a

limit [9] using events of all avors. A calculation [16] including Standard Model �nal

state interactions predicts that A!+

LRFB is largest for b�bg events, but is only �10�5. The
fully avor-ordered triple product cos!�=~�Z �(p̂q�p̂�q) is both TN -odd and CP-odd.

Our measured A!+

LRFB and A!�

LRFB are shown in �g. 5. They are consistent with zero at

all j cos!j. Fits to the data yield 95% C.L. limits on any TN -violating and CP-conserving

or CP-violating asymmetries of �0:038<A+
T <0:014 or �0:077<A�

T <0:011, respectively.

6. Gluon Splitting into a b�b Pair

Candidate events containing a gluon splitting into a b�b pair, Z0! q�qg! q�qb�b, where the

initial q�q can be any avor, are required to have 4 jets (Durham algorithm, ycut = 0:008).

A secondary vertex is required in each of the two jets with the smallest opening angle in

the event, yielding 314 events. This sample is dominated by background, primarily from
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Figure 6: Distribution of the larger of the two vertex masses in candidate gluon splitting
events after all other cuts (dots). The backgrounds expected from the simulation are
indicated.

Z0!b�bg(g) events and events with a gluon splitting into a c�c pair.

A large component of the former background is Z0!b�bg events in which the b or �b jet

is split into two jets by the jet�nder, and two distinct vertices from the same B-hadron

decay are found. Since the small beam spot allows the vertex ight directions to be

measured precisely, and the angle between the two ight directions from this background

source tends to be small, it is suppressed by a cut on this angle.

Cuts are also made [5] on the sum of the energies of the two jets, the angle between the

plane formed by the two selected jets and that formed by the other two jets in the event,

and the larger of the vertex masses. The distribution of the latter quantity is shown in

�g. 6 after all other cuts. A clear excess of events is visible over the expected background

for masses above 2 GeV/c2. A cut at this value keeps 62 events, with an estimated

background of 27.6�1.2 events. Using this and the estimated e�ciency for selecting

g! b�b splittings of 3.9% yields a measured fraction of hadronic events containing such a

splitting of

gb�b = 0:0031� 0:0007 (stat:) � 0:0006 (syst:)

(Preliminary). The systematic error is dominated by Monte Carlo statistics. The result is

consistent with and complementary to previous measurements; in particular it is relatively

insensitive to the modelling of the gluon splitting process, due to the excellent e�ciency

for �nding vertices from low-energy B hadrons.
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7. The B Hadron Energy Spectrum

Any secondary vertex in either thrust hemisphere of an event that has m > 2 GeV/c2

is considered as a candidate B-hadron vertex. Its ight direction is taken to be along

the line joining the IP and the vertex position. The four-vector sum of the tracks in the

vertex (assigned the charged pion mass) is calculated, and the momentum component

Pt transverse to the ight direction is equated with the transverse component of the

\missing" momentum. At this point two quantities are still needed in order to determine

the energy EB of the B hadron, the missing mass M0 and momentum along the ight

direction. Assuming a B hadron mass of MB eliminates one of these unknowns, and also

allows an upper limit to be calculated on M0:

M2
0max =M2

B � 2MB

q
M2

chg + P 2
t +M2

chg ;

where Mchg is the mass of the set of tracks in the vertex. Using MB = 5:28 GeV/c2,

equating M2
0 with M2

0max and solving for EB provides a good estimate of the true EB

for the mixture of B species produced in Z0 decays. As expected, the simulated energy

resolution is best for vertices with small M2
0max, approaching 6% as M2

0max ! 0. It does

not degrade rapidly with increasingM2
0max due to the strong tendency for the true M0 to

cluster near the maximum value.

A cut is placed on M2
0max that depends on the measured EB in such a way that the

simulated e�ciency for selecting B vertices is roughly independent of energy; it is 4%

on average and is above 3% for EB > 8 GeV. A sample of 1938 vertices is selected from

one-third of the hadronic event sample, with an estimated B-hadron purity of 99.5%.

The simulated energy resolution is 10% on average, roughly independent of EB. The raw

distribution of the scaled energy xB = EB=Ebeam is shown in �g. 7, and covers the entire

kinematic range from the B-hadron mass (xB � 0:12) to the beam energy.

Also shown in �g. 7 is the prediction of our simulation, generated using the JETSET

program with the Peterson fragmentation option and �b = 0:006. The predicted peak

position is consistent with that of the data, but the width is signi�cantly larger than that

of the data.

The correction of these data to obtain the true xB distribution depends on the form

assumed for the true distribution, due to the rapid variation of the distribution on the

scale of the bin size. We therefore test several hypothesized shapes by weighting our

simulated events to reproduce a given function at the generator level, and comparing the

corresponding detector level prediction with the data in �g. 7 using a binned �2.

We �rst consider a number of heavy-hadron fragmentation models within the context

of the JETSET simulation, by generating samples of 0.5 million Z0! b�b events for each

of several values of the free parameters of each model. Minimizing �2 with respect to

the parameter �b of the Peterson function results in a �tted value of �b = 0:006, equal

to our nominal value; however the �2 of 62 for 16 degrees of freedom indicates that this

model is inconsistent with the data. We also exclude [6] the models of Braaten et. al,

and Collins and Spiller, whereas those of the Lund group, Bowler, and Kartvelishvili are
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able to describe the data. In addition we test the UCLA and HERWIG fragmentation

models, in which there are no explicit free parameters governing B hadron production.

The prediction of the UCLA model (see �g. 7) is consistent with the data, but that of the

HERWIG model is not.

We also test several ad hoc functional forms f(xB ; ~�) of the observable xB itself, by

minimizing �2 with respect to the parameter(s) ~�. Most of our test functions [6] are not

able to describe the data for any values of their parameters. Four functions, the Peterson

function, two generalizations thereof, and a sixth order polynomial, are found to describe

the data.

We subtract the estimated background and unfold the data to obtain the true distri-

bution Dcorr
i = �kMikD

meas
k =�i, where the e�ciency ~� and the unfolding matrix M are
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calculated from the simulation using in turn each of the four fragmentation models and

four functional forms that are consistent with the data. The model dependence of the

procedure is thus made explicit, and is visible in �g. 8, where in each bin i we show

the average of the eight Dcorr
i , and the error bar includes their rms deviation, which is

substantial at high xB. The corrected distribution is, by construction, smoother than

the measured distribution, and the error bars provide a 1� envelope within which any

acceptable prediction must fall.

From these eight forms we extract a measurement of the mean value of the scaled

energy,

hxBi = 0:714� 0:005(stat:)� 0:007(syst:)� 0:002(rms)

(Preliminary). This is the most precise of the world's measurements that take the shape

dependence into account, and this uncertainty is small since we are able to exclude a wide

range of shapes.

12



0 2 4 6 8
|∆y| = | y1 − y2 |

0

5

10

15

E
nt

rie
s 

x1
0−

3 K
+
K

−

K
+
K

+
, K

−
K

−

SLD Preliminary

Figure 9: Distributions of the absolute rapidity di�erence j�yj for opposite-charge (his-
togram) and same-charge (dashed histrogram) pairs of identi�ed charged kaons in hadronic
Z0 decays.

8. Rapidity Correlations

For this study [7] we use the entire sample of hadronic events, as well as subsamples

tagged as primary light-(uds), c-, and b-avor, having purities of 88%, 39%, and 93%,

respectively. Charged tracks identi�ed as ��, K� or p/�p in the CRID are considered,

and their rapidities y = 0:5 ln((E + pk)=(E � pk)) are calculated using their measured

energies and components of momentum along the event thrust axis pk. For each pair of

identi�ed tracks in an event the absolute value of the di�erence between their rapidities

j�yj = jy1�y2j is considered. Figure 9 shows the distributions of j�yj for identi�edK+K�

pairs and for K+K+/K�K� pairs. The latter are assumed to be uncorrelated, and the

excess of the former at low values of j�yj is interpreted as a short-range correlation,

indicating that strangeness conservation is local in the jet fragmentation process. This is

also the case for baryon number and electric charge, as is well known and visible in �g. 10,

which shows the di�erence between the opposite-charge and same-charge distributions for

all six pair combinations.

Also visible in �g. 10 are short-range correlations for all three unlike pair combinations.

Excellent particle identi�cation is required to observe these over the background from ��

pairs in which one of the pions is misidenti�ed. This is the �rst direct observation of a

fundamental feature of the jet fragmentation process, that electric charge can be conserved

locally between a meson and a baryon, or between a strange particle and a nonstrange

particle, and suggests charge ordering along the entire fragmentation chain.

The high statistics and wide momentum coverage allow a number of detailed measure-
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ments. The predictions of the JETSET model (see �g. 10) describe the amplitude and

range of the observed correlations except for Kp pairs. This is true in six bins of momen-

tum [7], and we conclude that, within the context of the JETSET model, the correlations

are scale invariant.

To study long-range correlations, which are expected from leading particle production,

it is necessary to consider high momentum tracks. The di�erences between the opposite-

and same-charge j�yj distributions for pairs of tracks in which both have p > 9 GeV/c

are shown for each of the three avor-tagged samples in �g. 11. A very large K+K�

correlation is observed in light-avor events, as expected from s�s events in which the s

(�s) jet produces a leading K� (K+). For all other combinations, any correlation will be

diluted by the short-range correlation { e.g. a leading baryon will be accompanied by a

subleading antibaryon with similar y. However signi�cant correlations are observed for

all pair combinations in light avor events, providing new information on leading particle

production. The JETSET model predictions are consistent with these data [7], except
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that no �K correlation is predicted. Flavor tagging is essential for these measurements;

decays of leading charmed hadrons contribute to several correlations, in particular they

give an anticorrelation for �K pairs that would mask the signal from light avors.

We now give the rapidity a meaningful sign by using the beam polarization to tag the

quark hemisphere in each event, with a purity of 73%. The thrust axis is signed to point

into this hemisphere, thus signing the rapidity such that y > 0 (y < 0) in the (anti)quark

hemisphere. For pairs of hadrons one can de�ne an ordered rapidity di�erence; for hadron-

antihadron pairs we de�ne �y+� = y+�y� as the rapidity of the positively charged track

minus that of the negative track.

A distribution of �y+� can be studied independent of the same-charge pairs by con-

sidering asymmetries between the positive and negative sides of the distribution. In �g. 12

we show the distributions of �y+�, along with the di�erences between the two sides, for

�+��, K+K� and p�p pairs, which show a number of nonzero asymmetries. At long-range

(j�y+�j > 3), such deviations are expected from leading particle production. A large
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negative di�erence is observed for K+K� pairs, as expected; a corresponding small posi-

tive di�erence is visible for p�p pairs, but a small negative di�erence for �+�� pairs is not.

Flavor tagging again proves bene�cial: the positive di�erences at all j�y+�j are present
only in the c-tagged sample, and are explained by the leading charmed hadrons; a small

negative di�erence is observed in the light-avor sample [7].

The large positive di�erence observed for p�p pairs at low j�y+�j is the �rst direct

observation of another fundamental feature of jet fragmentation, namely the ordering of

baryon number along the quark-antiquark axis. That is, the proton in a correlated proton-

antiproton pair `knows' and prefers the quark direction over the antiquark direction.

This excess is observed at all proton momenta so cannot be attributed simply to leading

baryons. We have searched for similar signals for strangeness and charge ordering in the

K+K� and �+�� samples, respectively, by isolating the light avors and considering a

variety of momentum bins. However no signi�cant e�ects are observed, possibly due to

background from leading kaons and/or dilution due to resonance decays.
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9. Conclusions

We use the excellent SLD vertexing and particle identi�caton, and the high SLC e� beam

polarization to make several new tests of QCD in the two areas of event structure and jet

fragmentation. We �nd the Z0!b�bg rate to be sensitive to the b-quark mass, providing a

promising new way to measure mb. Using 3-jet �nal states in which jets are tagged as b,
�b or gluon jets: we measure the gluon energy spectrum over its full range, con�rming the

prediction of QCD and setting limits on anomalous chromomagnetic couplings; we �nd the

parity violation in Z0!b�bg decays to be consistent with electroweak theory plus QCD; and

we perform new tests of T- and CP-conservation in strong interactions. Using 4-jet �nal

states in which the two most collinear jets are tagged as b/�b, we measure the rate of gluon

splitting into a b�b pair in hadronic Z0 decays, gb�b = 0:0031� 0:0007(stat:)� 0:0006(syst:)

(Preliminary).

A new, inclusive technique for measuring the energies of individual B hadrons uses

information only from the charged tracks attached to a secondary vertex to give good

e�ciency and resolution at all energies. The fullB-hadron energy distribution is measured

precisely, allowing us to test a number of model predictions and ad hoc functional forms.

We exclude a wide range of forms, constrain the shape tightly, and obtain a precise

measurement of the average scaled energy, hxBi = 0:714�0:005(stat:)�0:007(syst:)�0:002
(shape) (Preliminary).

Considering pairs of identi�ed ��, K� and p/�p, we con�rm that the conservation

of quantum numbers is local in the jet fragmentation process, and observe local charge

conservation between mesons and baryons and between strange and nonstrange particles.

Long range correlations are also observed between all these pair combinations, providing

new information on leading particle production. The �rst study of ordered correlations in

signed rapidity provides additional new information on fragmentation, including the �rst

direct observation of baryon number ordering along the quark-antiquark axis.
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