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Measurement of the A;* Decay-Asymmetry Parameter
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We report a measurement of A polarization in the two-body decay A’ — Az* in nonresonant e te ~
interactions from data taken with the CLEO detector. Using these data we have determined the parity-
violating asymmetry decay parameter aa_to be —1.0%83. We see no evidence for significant A polar-
ization.

PACS numbers: 14.20.Kp, 11.30.Er, 13.30.Eg, 13.88.+¢
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The A (udc) is the lowest-mass baryon containing a
charmed quark. Its spin is ¥, and its decays proceed via
the weak interaction, usually resulting in strange-particle
final states. As in hyperon decays, the weak decay of
charmed baryons is expected to violate parity conserva-
tion. The decay A" — Azn™ is analogous to the hyperon
decays =~ — Ar~ and A— pr~, where the parity-
violating asymmetry decay parameters have been mea-
sured to be a==-—0.456*+0.014 and a,=0.642
+0.013." We present a measurement of the parity-
violating asymmetry decay parameter a,, for the decay
AF— An*. A nonzero value of a,_indicates parity
violation; in this decay, the parity violation takes the
form of an up-down asymmetry in the decay A’s direc-
tion relative to the A’ spin. A nonzero a,_ also gives
rise to polarization of the daughter A, as we discuss

2842

below. Throughout this paper, unless noted otherwise,
use of a particle or decay implies the use of its charge
conjugate.

In a recent paper, Bjorken? argues that ar,=—1 for
several A decay modes including A" — Ax*. Bjorken,
making a factorization ansatz, writes the decay ampli-
tude as

T=x(p,s)(gvy.+gaysv.)x(P,S)J*,

where T is the decay amplitude, %, s, and p are the Dirac
wave function, the spin, and momentum of the A, respec-
tively; x, P, and S are the Dirac wave function, momen-
tum, and spin of the A}, and J* is the pion weak
current. The pion weak current is proportional to its
momentum g*:

Jhoa Fogh.

© 1990 The American Physical Society
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Since the 7% is extremely relativistic, ay = —g4/gv,
which is naively —1.

The data sample used in this study was collected with
the CLEO detector at the Cornell Electron Storage Ring
(CESR). The CLEO detector and our hadronic event-
selection criteria have been described in detail else-
where.’> These data comprise 101 pb ™' at energies
just below the BB threshold (v/s =10.52 GeV), 212
pb ™! at the Y(4S) resonance (v/s =10.58 GeV), and
117 pb ™' at the Y(5S) resonance (+/s =10.86 GeV).

Charged-particle tracking is performed inside a 1.0-T
magnetic field, produced by a superconducting solenoid
with a 1.0-m radius. A 64-layer drift chamber system is
used for charged-particle tracking,® with a momentum
resolution of (8p/p)?=1(0.23%p)>+(0.7%)?2, where p is
in GeV/c. The 51-layer central drift chamber provides
an rms resolution in track ionization (dE/dx) of 6.5%.
In addition, the 10-layer vertex detector provides a
dE / dx resolution of 14%.

For reconstructing a A we use oppositely charged
tracks which originate from a common vertex. We
reduce backgrounds by requiring the point of intersec-
tion to be greater than 0.2 cm away from the beam line
in the r-¢ plane. In addition, we require the sum of
momentum vectors to extrapolate back to the beam line
and the invariant mass to be within *5.3 MeV/c?
(+306) of the A mass. To further reduce the back-
ground due to fake A candidates, particle identification is
used to tag protons from the A— pr~ decays; the dE/
dx measurement of the proton is required to be within
=+ 30 of the expected value.

We search for AS baryons by forming the effective-
mass spectrum M(Az*). To reduce the combinatorial
background, we exclude from our sample A. candidates
with x less than 0.6, where x =p/pm.. and also candi-
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FIG. 1. The A7 invariant-mass spectrum for A" — Ax™*
with x > 0.6 and |cos©x| < 0.8.

dates which have |cos©y| greater than 0.8, where Oy is
tha angle between the A} flight path and the A direction
in the A7 rest frame.

The Az™ invariant-mass spectrum is shown in Fig. 1.
A maximume-likelihood fit is performed using a Gaussian
of fixed width above a second-order polynomial. The
FWHM of the Gaussian is determined from Monte Car-
lo studies and fixed at 29 MeV/c2. Monte Carlo studies
have indicated that the two-body decay channel AZ
— 2%+ followed by the decay £°— Ay would contrib-
ute an approximately Gaussian enhancement at 2.195
GeV. We have, therefore, allowed for this possibility in
the fitting. Although the data prefer the presence of
some AS— X%z%, we do not consider the evidence
strong enough to establish the channel. Our sample con-
tains 86 + 13 A, events with x > 0.6 and |cos©® 4| < 0.8.

We extract a,, from the angular distribution of the
decay proton in the A rest frame, where the expected
form of the distribution is given by’

dN
d cosé,

=7 (1 +axap cosh)) ,

where 6, is the angle between the A direction, in the AY
rest frame, and the decay proton’s line of flight in the A
rest frame. This distribution is independent of A} polar-
ization. Note that CP conservation requires a, = — ay -
Since the slope of the distribution depends on the prod-
uct axaa,, which has the same sign for particle and an-
tiparticle states, we combine particle and antiparticle
distributions. The angular distribution is determined by
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FIG. 2. A2 invariant-mass distributions (a) cosf, < —0.5,
(b) —0.5<cosf; <0.0, (c) 0.0<cosh <0.5, and (d) +0.5
< cosf,.
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fitting for the number of A} in each of four equal-sized
bins of cosé,.

The four mass distributions, corresponding to the four
cosf, regions, are shown in Fig. 2. A decrease in the
number of AJ is evident as a function of increasing
cosf;. We use the fitted number of A} candidates in the
four bins to obtain the cos@; angular distribution. The
cosf, distribution is plotted in Fig. 3, after correction for
efficiency. The efficiency as a function of cos8, is deter-
mined by Monte Carlo simulation and is found to vary
slowly from 35% at cosf;,=—1.0 to 31% at cos6,
=+1.0. The fit to the distribution shown in Fig. 3
yields —1.1 £0.4 for a,\r.8 By constraining the value of
ax, to physically allowed values we find ay, = —1.0%§3.
The error here is statistical. The systematic error is due
to the corrections for efficiency and to the uncertainty in
the shape of the background; we have estimated it by
varying the background shape’ and varying the value of
as, in Monte Carlo simulations. We generated Monte
Carlo events at a,, values which spanned the physically
allowed region —1 to +1; in every case we reproduced
the generated value of a,, within the statistical errors of
our Monte Carlo samples. We find the systematic error
to be *0.1. Separate fits to the Al and A distribu-
tions yield —1.2+0.7 and +0.9£0.6 for a,, and ag,
consistent with a, = —aj. This result demonstrates
parity violation in the decay A’ — Ax* at the 99%
confidence level.

Hyperons produced in strong interactions have been
observed to be strongly polarized perpendicular to their
production plane.'®!" The mechanism producing polar-
ized hyperons is not well understood. A paper by Led-
nicky'? has pointed out that if the production processes
for AY and A are analogous, the polarization of the AZ
should have the same sign as the polarization of the A.
In addition, comparing the magnitude of polarization of
the AS to that of the A would provide insight into the
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FIG. 3. The angular distribution of the decay proton
(dN/d cos@,). The solid line is the fit to this distribution. The
slope of the distribution is —0.34+0.14 and represents
(1/\(1,\[/2.
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dependence of polarization on the mass of the leading
quark, charm and strange, respectively. Most of our AF
baryons are produced through electromagnetic annihila-
tion, and parity conservation in electromagnetic interac-
tions also requires A polarization, if it exists, to be nor-
mal to the production plane. In addition, since C is a
conserved quantum number for A} production, the po-
larization must be the same for particle and antiparticle
states. We define the production normal as i =ps X¢€ *,
the direction defined by the cross product of the A’
momentum vector and the direction of the positron
beam. In the A’ rest frame the angular distribution of
the A relative to fi has the form

dN

————=3(+P 6,) ,
dcos6, 5 ( s, cos6,)

where P is the A, polarization and 6, is the angle be-
tween fi and the A direction, in the A’ rest frame. Since
ar, = —aj_, subtracting the A cosH, distribution from
the A7 cos, distribution yields a distribution of the

form

dN
dcosb, Pay,cosB;
The fit to this distribution, shown in Fig. 4, yields —0.2
*0.2 for P, assuming a5, = —1.0. The error we quote is

statistical. We do not have strong evidence for polarized
A production.

In summary, we have measured the parity-violating
asymmetry decay parameter and the polarization of A}
particles produced in nonresonant e *e ~ interactions
through their decays to Az*. Our measurements deter-
mine a,, to be — 1.0%34 We do not observe evidence
for the production of polarized AZ; the measured polar-
ization being P=—0.2 £0.2.
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FIG. 4. The angular distribution dN/d cos6,. The solid line
is the fit to this distribution. The slope of the distribution is
+0.24 £0.24 and represents + Pa,.
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