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& Production in e+e Annihilation at 29 GeV
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(Received 18 February 1985)

The production of A hyperons in e+e annihilation has been measured as a function of their to-
tal momenta, transverse momenta, and the event thrust. The total production rate is
0.213+0.012+0.018 A or A per hadronic event. The observation of correlations in rapidity and
angles for events with two detected A decays supports fragmentation models with local baryon-
number compensation.

PACS numbers: 13.65.+i, 13.30.Eg

The knowledge of the particle composition of the
hadronic final states produced in e+e annihilation is
important for the understanding of the fragmentation
of quarks and gluons. Baryons, both strange and non-
strange, are produced at a substantial rate, ' but so
far little is known about their production mechanism.
In particular, it is important to determine if baryon
number is compensated locally or globally. In this
Letter, we report measurements of the inclusive pro-
duction of A hyperons at the c.m. energy of E, = 29
GeV. The production relative to the thrust axis is
studied in terms of the transverse momentum of the A
and the thrust of the events. For events with two
detected A decays, correlations are given in terms of
the relative rapidity, angles, and orientation in the
plane transverse to the thrust axis.

The measurements are based on data recorded by
the Mark II detector at the e+e storage ring PEP at
Stanford Linear Accelerator Center over a period of
three years. The total sample corresponds to an in-
tegrated luminosity of 205 + 8 pb '. The properties of
the detector and the selection criteria for hadronic
events have been described elsewhere. The
charged-particle trajectories are reconstructed in two
concentric cylindrical drift chambers which operate in
a solenoidal field of 2.3 kG. In the plane transverse to
the beam, momenta p (GeV/c) are measured with a
resolution of Bp/p = [(0.010p) + (0.025) ]' (the
trajectories are not constrained to include the interac-
tion point).

Only events with at least five charged particles and
the total energy exceeding 0.25E, are included in
this analysis. These particles are required to have mo-
menta transverse to the beam of more than 100

MeV/c, and polar angles 0 with ~cosO
~
( 0.75. After

these cuts 67 500 events are retained, containing small
contaminations due to ~+r production [(2.0
+ 0.5)'/0], e+e scattering events [(1.5 + 0.5)'/0],

two-photon processes [(1.5 + 0.8)'/0], and beam-gas in-
teractions [(1.0+0.5)'/0]. None of these background
processes contributes significantly to A or A produc-
tion.

Candidates for the decays A pm and A pm+
are selected by the following procedure:

(1) All pairs of trajectories of oppositely charged
particles are subjected to a vertex fit in three dimen-
sions.

(2) All pairs with an effective mass M(p7r)o in the
mass interval between 1.088 and 1.144 GeV/c2 are re-
tained.

(3) Projecting each track onto the plane transverse
to the beam, the closest distance between the particle
trajectory and the average beam position has to exceed
2 mm for the pion and 1 mm for the proton. This cut
reduces the background dramatically. For a 1-GeV/c
momentum track the average error on this impact
parameter is 150 p, m, while the rms beam size is
65 + 15 p, m vertically and 480 + 10 p, m horizontally.

(4) In the same transverse plane, the A-candidate
momentum vector is required to project back to the
beam to within 5 mm. s

(5) Decays of A's with momenta less than 0.5
GeV/c are not included, because of low acceptance
and large backgrounds.

(6) Since particle identification is not used, the
background under the A mass peak is still appreciable
after the above cuts, roughly 45'/0 when averaged over
all momenta. Additional background rejection is
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achieved from measured distributions in five quanti-
ties: the impact parameters of the m, proton, and A;
the distance 4z between the two trajectories at the in-
tersection; and the cosg, where g is the angle of the
proton relative to the A momentum in the rest frame
of the A. The probability distribution for these five
quantities for both real A's and background are deter-
mined from the Monte Carlo simulation as well as the
experimental distributions. A cut on the product of
the five ratios of probability functions for signal and
background removes 60% of the background with only
a small [(4 + 2)'/0] loss in signal events.

The invariant-mass spectrum for the two-particle
combinations which satisfy the cuts are shown in the
inset of Fig. 1. The peak is centered at 1.116+0.001
GeV/c2 with a full width at half maximum of 7+ 1

MeV/c . We consider as our signal region the mass
interval 1.106—1.126 GeV/c and estimate the back-
ground from the pair population in the mass intervals
1.088-1.098 GeV/c2 and 1.134—1.144 GeV/c . After
statistical subtraction of an estimated (8.5 + 1.5)'/o K,
contamination, we find roughly equal numbers of A

and A, 1610 + 46 in total, over a background of
(14.7 + 1.0)%.

The overall efficiency for the detection of A decays
has been estimated by Monte Carlo simulation ' of
the production and decay of hyperons. The observed
A mass resolution and its momentum dependence are
well reproduced. The efficiency has a broad maximum
of about 13% (including the branching ratio) between

1Q 1

1.5 and 4 GeV/c, decreases slowly at higher momenta,
and falls rapidly below 1 GeV/c. The systematic un-
certainties in the track and vertex finding of + 8.5%
(including changes in the drift-chamber performance
over long periods of operation) have been estimated
by detailed studies of the tracking algorithms, and the
effect of changes in the A selection criteria on Monte
Carlo simulations of signal and background, as well as
the data.

The inclusive cross section for A 'pro'duction versus
xA is shown in Fig. 1. The errors presented include
the statistical uncertainty of the data and the Monte
Carlo simulation. Also shown is the prediction of the
Lund model. ' The shape is well reproduced, though
at high xz the model calculation is systematically high.

The extrapolation of the A yield below the momen-
tum cutoff at 0.5 GeV/c is done by a fit to the invari-
ant phase space. The fit requires the sum of the two
exponential terms

E do- = a t exp( —b tE ) + a 2 exp( —b2E ),
477p dp

where p and E refer to the A momentum and energy.
The best fit gives bt=4. 8+0.9 GeV ', b2=0.83
+ 0.03 GeV ', and a 2/a t

= (1.2 + 0.2) x 10, result-
ing in an estimate for the loss of (7.7 + 2.2)%. For the
total production cross section we obtain o-(A) + o-(A)
= 89.8 + 5.2 + 9.5 pb. The first error quoted is statisti-
cal, and the second systematic; it includes the uncer-
tainty in the overall normalization of the hadronic
event yield7 of 6.5%. Normalization to the total had-
ronic cross section results in the A multiplicity of

1Q 0
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fQ 2

b
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FIG. 1. Inclusive cross section for the sum of A and A vs

xA ——2E/E, , where E is the A energy. The curve
represents the Lund model predictions. The inset gives the
M(pn ) invariant-mass spectrum for the selected decays to-
gether with a curve which represents the resolution deter-
mined from Monte Carlo calculations.

1 2

p~~ l(I evrcl~]

FIG. 2. Distribution of the transverse momentum
squared for A hyperons and all charged particles, normalized
to the total number of particles. The curves represent the
empirical fit to the data described in the text.
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0.213 + 0.012 + 0.018 per event.
In Fig. 2 we present the distribution of the

transverse momentum relative to the thrust axis, "
which is computed for all final-state particles in an
event. The data are corrected for detection efficiency,
and errors in the determination of the axis due to par-
ticle losses and initial-state radiation. The distribution
has been fitted with the form

d o-/dp, = c, exp( —p,'/Ddt') + c2 exp( —p,'/2d2 ),

with d 1
= 350 + 35 Me+/~ and d2 655 + 55 Me+/

The p~ distribution for all charged particles is also
shown in Fig. 2, together with a fit of the same form
with d t = 310 + 5 MeV/c and d2 = 627 + 14 MeV/c.
%'hile the fitted slopes are surprisingly similar for A

and charged particles, the relative magnitude of the
two Gaussian terms is quite different, namely,
c 2/c t = 0.17 + 0.08 for A's and c2/c t = 0.063 + 0.008
for all charged particles. The tail at higher p~ is com-
mon to all particles. The low-p~ enhancement in the
charged-particle distribution can be attributed to the
fact that most of them originate from decays of
heavier resonances. In contrast, A's are expected to
be produced directly in the fragmentation, or at least
retain most of the momentum in baryon decay.

In terms of QCD, events with large thrust" are in-
terpreted as two-jet fragments of quark-antiquark
pairs, whereas low-thrust events are from the emission
and fragmentation of additional hard gluons. In Fig. 3,
the yield of hadronic events containing A's is com-
pared to all hadronic events as a function of thrust.
The errors are statistical; the relative efficiencies for
the two samples vary by less than 30'/o below T = 0.95.

There is a substantial increase in the A yield in the re-
gion below T=0.9. This observation is interesting in
the context of the threefold increase in the A/K ratio
seen at the Y(1S) resonance4 which, according to
QCD, decays predominantly into three gluons. Hence
it appears that there is an enhancement in baryon pro-
duction associated either with gluon fragmentation,
or with three-parton kinematics. '

For the understanding of the mechanism of baryon
production, it is of prime importance to determine if
baryon number is conserved locally or globally. In our
sample there are 35 events with two detected A de-
cays: 27 A A pairs, 3 A A pairs, and 5 A A pairs. We
estimate the background to be 3.4 + 1.5 events in each
of the two samples, 60% of which is random, the rest
due to E, decays. Correlations between the two
detected A's in each event are shown in Fig. 4. Here
o. refers to the opening angle between the pair, 4y
represents the difference in rapidity, and 5@ refers to
the difference in azimuthal angle @ defined in the pro-
jection transverse to the event thrust axis. The distri-
butions for AA pairs differ from those expected for a
A and a random hadron in the same event: The coso.
distribution is distinctly asymmetric, the forward-
backward ratio being 18/9; there are eleven AA pairs
within 40 of back-to-back, while four are expected for
a uniform 6@ distribution. The eight pairs with equal
baryon number are evenly distributed in cosa and A@
but within errors are also comparable with the AA pair
distribution. A comparison with the results of a
Monte Carlo simulation sho~s good agreement with
the data. In this simulation it is assumed that the
baryons in a pair are always adjacent in rank in the

100
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FIG. 3. Comparison of thrust distributions for all hadron-
ic events and events with at least one A hyperon. The data
are normalized to the total number of events in each sample.
The errors are statistical only.
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FIG. 4. Observed correlations for (a)—(c) AA pairs and
(d) —(f) AA and AA pairs. The variables are defined in the
text. The curves represent the predictions of a fragmenta-
tion model with local compensation of baryon number.
Events with coso. & 0 are shaded.
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fragmentation, thus leading to a correlation in rapidity
and azimuthal angle. ' It should be noted that the dis-
tributions shown have not been corrected for efficien-
cy or background; thus the data and Monte Carlo
curves include background and the experimental error
in the determination of the jet axis.

In summary, we have measured A and A differential
and total cross sections using a very clean sample of
1610+46 events. The total yield per hadronic event is
0.213 + 0.012 + 0.018, a value that agrees well with the
results of Bartel et al. and Aihara et al. , but is con-
siderably below the results of Althoff et al. ' of
0.31 + 0.03. The differential-cross-section data follow
the prediction of the Lund fragmentation model'
reasonably we11 and are consistent with results from
other experiments.

Enhanced A yields at large transverse momentum to
the jet axis and in events with low thrust corroborate
the evidence obtained from decays of the Y resonance4
that baryon production is enhanced in events that de-
viate from the two-jet topology. Events with a detect-
ed AA pair show correlations in angles and rapidity.
For AA produced in the same jet we see evidence for a
correlation in @, an effect first observed by Bartel
et al. in Ap pairs, but not confirmed by Brandelik
et al. ' or Aihara et al. for pp pairs. More quantitative
and detailed studies of the fragmentation leading to
baryon production will require substantially more
statistics.
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