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We present evidence for leading particle production in hadronic decays df‘thmson to light-
flavor jets. A polarized electron beam was used to tag quark and antiquark jets, and a vertex detector
was employed to reject heavy-flavor events. Charged hadrons were identified with a Cherenkov ring
imaging detector. In the quark jets, more high-momenjum, K ~, andK*° were observed than their
antiparticles, and vice versa for antiquark jets, providing direct evidence that the higher-momentum
particles in jets are more likely to carry the primary quark or antiquark fronzthdecay, and thats
production is suppressed in fragmentation. [S0031-9007(97)03118-9]

PACS numbers: 13.87.Fh, 13.38.Dg, 13.65.+i

A fundamental issue in strong-interaction jet fragmenta-baryons over antibaryons, since the valence constituents
tion is that of the transport of quantum numbers of primaryof baryons are quarks rather than antiquarks. Also, the
interacting partons into the observed final-state particlexross sections foe*e™ — uii and e*e™ — dd or s3
In nondiffractive hadron-hadron collisions, final-state par-are not in general equal, so a signal in quark jets for
ticles with large values of the longitudinal beam momen-eading production of charged mesons, suchzas=
tum fractionxr have been observed which contain one ordii) and K~ (= si), might be visible. Furthermore, one
more valence quarks of the same type as those in one amight observe an excess of a meson over its antimeson
both of the initial-state particles. This has been interpreted it is produced more often in jets initiated by one
in terms of an initial-state quark participating in the colli- valence flavor rather than the other. For example, a
sion and being carried in a particular “leading” final-statesuppression ofss relative to uiz and dd production in
particle that tends to have a large fraction of the energyhe fragmentation process might cause more leading
of the resulting jet[1]. IneTe™ — c¢ (bb) eventsD (B)  (K*) to be produced in jets than ini (d) jets.
hadrons have been found [2] to carry a large fraction of the In this Letter we present the first study of leading
beam energy and to be produced at a rate of approximateparticle production in light flavor jets ia™ e~ annihila-
two percé or bb event, indicating that these hadrons aretion, using 150000 hadroniz® decay events produced
produced predominantly as leading particles. by the SLAC Linear Collider (SLC) and recorded in the

Such leading particle production in jet fragmentation isSLC Large Detector (SLD) from 1993 to 1995. We de-
predicted by several iterative models of the hadronizatioffine a particle to be leading if it carries a primary quark
process [3]. However, the extent to which this effector antiquark, namely, thg or g in eTe™ — Z° — ¢g,
is present in light-flavor jetsu( i, d, d, s, or 5) in  whereq = u,d, or s. We separated jets initiated by pri-
e*e” interactions has not been studied experimentallymary quarks from those initiated by primary antiquarks
because of difficulties involved with tagging jets initiated by utilizing the electroweak forward-backward produc-
by a specific light flavor and with separating quarktion asymmetry in the polar angle, enhanced by the high
jets from antiquark jets. If such a separation wereSLC electron beam polarization. We suppressed the large
achieved, a signature for the leading particle effect irbackground from heavy-flavoz{ — c¢ or bb) events,

a sample of quark jets would be an excess of a hadroim which the decay products of a heavy hadron can ex-
species containing the isolated valence quark type over itsibit a leading particle effect, by using information from
antiparticle, and vice versa for antiquark jets. One couldhe Vertex Detector (VXD) [4]. The Cherenkov Ring
then study the momentum distributions, flavors, and spinmaging Detector (CRID) [5] was used to identify charged
states of leading hadrons and antihadrons in each sudtadrons. We measured the production rateg of K,
flavor sample. K*, p, and A as functions of momentum in light-quark

If one could separate samples of light quatk ¢, jets and compared them with the rates of their respective
s) and antiquark i, d, 5) jets, then a leading particle antiparticles. We interpret the observed differences in
effect might appear as an excess in the quark sample ¢érms of leading particles.

3443



VOLUME 78, NUMBER 18 PHYSICAL REVIEW LETTERS 5 My 1997

A description of the detector, trigger, track and N(g — &) is the number of hadrons of type in light
hadronic event selection, and Monte Carlo simulationquark jets.
is given in Ref. [6]. The event thrust axis [7] was The identification of7=, K=, p, and p was achieved
required to have a polar angle, satisfying 0.20 < by reconstructing emission angles of individual Cherenkov
| cosd,| < 0.71. The upper cut is our standard criterion photons radiated by charged particles passing through
for selecting events well contained within the detector acliquid and gas radiator systems of the SLD CRID. For
ceptance, and the lower cut removes events that have logach track, a likelihood was constructed for each of these
analyzing power for the study of leading particle effects.particle hypotheses, based upon the number of detected
Heavy-flavor events often include tracks associated witlphotons and their measured angles, and the expected
separated decay points of short-lived heavy hadrons, antumber of photons, Cherenkov angle, and background.
were suppressed by requiring all tracks passing a set ¢farticle separation was based on the differences among the
quality cuts to extrapolate to within three standard devidikelihoods. Identification was achieved [10,11] over the
ations from the interaction point in the plane transversamomentum rangé.5 < p < 35 GeV/c.
to the beam. A sample of approximately 41000 events Positively charged tracks in the quark-tagged sample
was selected, and was estimated from our Monte Carland negatively charged tracks in the antiquark-tagged
simulation to consist of 85% light-flavor events, with sample gave consistent results and were combined into
residual backgrounds of 12% and 3%bb events. one sample. In each, bin, identified 7, K, and p

7% bosons decay predominantly into a left-handedwere counted, and these counts were unfolded using the
quark and a right-handed antiquark. éie- — Z° —  inverse of the identification efficiency matr [10,11],
qq events, when the electron beam has longitudinal poand corrected for track reconstruction efficiency to yield
larization P,, the quark prefers to follow the electron values of R.., R}., and R} in the tagged samples.
(positron) beam direction for a left- (right-)handed  The same procedure, applied to the remaining tracks,
beam, and its polar anglé with respect to the elec- yieIdedR%—,quf,andR?,. The elementg;;, denoting the
tron beam is distributed ad + cos 6 + 24,Azcosf),  momentum-dependent probability to identify a tidype
whereAz = (A, — P.)/(1 — A.P.), andA, andA, are  particle as g-type particle, were measured from the data
the asymmetry parameters for electrons and quarks, rgor j = 7, p andj = 7, K, p, using tracks from selected
spectively. Inthe standard model = 0.16,A, = Ac = g0 . andA decays. A detailed Monte Carlo simulation

0.67 and Ag = A, = A, = 0.94. For this analysis we 45 ysed to derive the remaining elements in terms of these
considered all events to consist of one jet in each of easured ones.

the two hemispheres separated by the plane perpendicularcgndidater — pr~ andA — pmt decays were se-

to the thrust axis. Defining the forward direction t0 be|gcted by considering all pairs of oppositely charged tracks
along the electron beam, the quark jet was defined g4t were inconsistent with originating at the interaction
comprise the set of tracks in the forward (backward) hem"point, and passed a set of cuts [12] on vertex quality and

sphere for events recorded with a left- (right-)handed eIeCﬂight distance. Backgrounds frork{ decays and pho-

tron beam. The opposite jet in each event was defined ty conversions were suppressed by using kinematic cuts.

be the antiquark jet. For roughly two-thirds of the sample,candidatek™ — K+ 7~ andR*® — K~ 7+ decays were

lﬁel = 077 8], flor thebrema:cnld?tr]Pe |d=' Oﬁ?3h[9]a a;% selected by considering all pairs of oppositely charged
ere were equal numbers ot ielt- and right-nanded beam, . s i one track was identified in the CRID as a charged

pulses. For our event selection criteria and average beag{lmn, the other was not so identified, and the tracks were

polg_rization, the standard mo'del at tree level predicts th‘(n:onsistent with intersecting at the interaction point [13].
purities of the quark- and antiquark-tagged samples to be The A candidates in quark-tagged jets and theandi-

about 73%. . . gates in antiquark-tagged jets were assigned to one sample,
. We then measured the production rates per light quar nd the remaining\ /A candidates to a second sample. In
Jet eachx, bin, the number of observeti/A in each sample
R} = 1 4 [N(g— h) + N(g— R)], (1) Was determined from a fit to thes invariant mass dis-
2News dxp tribution. These signals were corrected for reconstruction
' 7 _ efficiency to yieldR§{ andR{ in the tagged samples. The
Ri 2News dx, [N(g = h) + N(g = 1], () K* and K** candidates were similarly divided into two

whereg and g represent light-flavor quark and antiquark samples, and th& 7 invariant mass distributions were fit-
jets respectivelyNey is the total number of events in the ted to obtainRy., and Ri.o.

sample;h represents any of the identified hadrons, In everyx, bin, each measuregl; andR,ff was further
K=, K*, p, and A, and & indicates the corresponding corrected for the contribution from residual heavy-flavor
antiparticle; x,, is the scaled momenturp/\/s of the events, estimated from our Monte Carlo simulation. Fi-
hadron, wherep is its magnitude of momentum ands  nally, the correcte®; andR,‘—i7 were unfolded for the purity
is thee*e™ center-of-mass energy. Then, for example,of the quark jet tag.
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These production rates are shown in Fig. 1. Thereero for x, > 0.1, but for the other hadron®;, > 0
are noK* or p/p points in the ranged.12 < x, < for x, = 0.2. The JETSET 7.4 [14] and HERWIG 5.8
0.20 due to the lack of CRID particle separation in this [15] fragmentation models were found to reproduce these
region. Systematic errors arising from the uncertaintiegeatures qualitatively.
in the backgrounds in the identified particle samples, Since baryons contain no constituent antiquarks, we
in the measured electron beam polarization, and in thenterpret the positiveD, and D, as evidence for lead-
backgrounds from heavy-flavor events were includedng baryon production in light-flavor jets. If pions and
and were found to be much smaller than the statisticakaons exhibited similar leading effects, then one would
errors. Not shown in the figure are uncertainties commom@xpect D,- = Dg- = 0.27Dyaryon, @nd Dg- = 0, as-
to particles and their respective antiparticles, includingsuming standard model quark couplings to #fe For
those arising from track reconstruction and particle-purposes of illustration, the result of a linear fit to thg
identification efficiency. These are typically 2%—-5%. and D, points abovex, = 0.2 was scaled by 0.27 and
We define the difference between each particle anis shown in Figs. 2(c) and 2(d). The observeg- are
antiparticle production rate, normalized by the sum, below this line, and are consistent with zero at gJl
R? — pY suggesting that either there is little production of leading
h h . . . .
= 7> pions or there is substantial background from nonleading
Ry + Rj pions or pions from decays of resonances such agthe
for which the common systematic uncertainties cancef@nd K™. Forx, > 0.2, we observeDg- > 0.27Dparyon

As shown in Fig. 2, for each hadrdn D, is consistent andDg- > 0. This indicates both substantial production
with zero for x, <0.1. D, is also consistent with Of leadingk and K™ mesons at high momentum and a
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