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ABSTRACT

Since most studies of A’ polarization have involved A’'s produce

inclusively, little is known about the contributions to the polarization fro
specific final states. In order to study this aspect of the polarizatio
phenomenon, we measured A° polarization in the exclusive final state
pp = pNK*(x*n")", N=1, 2, 3, 4,at 27.5GeV. We measured the polarizatio
as a function of the transverse momentum of the A°(P,) and as a function o
the longitudinal momentum of the A° in the center of mass of event (P,).
We have observed a striking dependence of the sign of the polarization o
P,. A°s with P,>0 had polarization, as a function of the transvers
momentum, that agrees with inclusive polarization measurements|
However, for P, <0, in the final states with N = 1 and N = 2, there is
surprising change in the sign of the polarization. The A’’s in this kinemati
region have a polarization which is mirror symmetric to that of A’'s wit
P, >0. We discuss this observation in detail. Another surprise was reveale
when the analysis in the P, <0 region was extended to the final states wit
N =3 and N = 4. In that region, the A’’s do not seem to be polarized. The
observations are the first showing a kinematic dependence of th
phenomenon. The effect is most likely due to the difficulty in determinin

which interacting proton produced the A° at high multiplicities.

For final states with N =2, we examined also A’ polarization as ar

function of various kinematic relationships and as a function of the invariant

mass of the AK, AK(n*x"), and AK2(x*n") systems. We studied the effect,

on the observed polarization, due to A’’'s not produced directly in the proton




proton collision, i.e., those A"'s which were the decay products of another

particle (the £°) or a resonance (2™, and the £™).
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CHAPTER 1

INTRODUCTION

1.1 Foreword

Because the spin of the A’ hyperon is not zero, A’ hyperons can be
created with their spins pointing statistically in a certain direction. It would
seem impossible to make a measurement of the existence of such a
phenomenon since spin is not easy to observe. But because A° decays weakly
into p and n~, we can use the weak decay process, which does not conserve
parity, to determine A° polarization, where the polarization of a particle is the

expectation value of its spin along a particular axis.

The existence of A° polarization in high energy collisions was first
observed by A. Lesnik et al. [1] in the channel p+p 3 A°+X at 6 GeV af
Argonne National Laboratory in 1975. The same year, G. Bunce et al. [2]
observed significant polarization in the channel p+Be — A’ +X at 300 GeV af
Fermilab, where both the beam proton and the target proton were
unpolarized. These results contradicted the intuitive picture that spin playeT
an unimportant role in high energy hadron production processes. It had been
thought that since high energy collisions involve many final state particles
no coherent interference of amplitudes would be possible. Therefore, ng
polarization would be present. The existence of polarization in channels such

as p+nucleus— A’+X may reflect a certain simplicity in the particle




production process. Because polarization requires coherence between at least
two spin-dependent amplitudes, its existence suggests that only a few
amplitudes contribute to the production process. If this is true, A°

polarization measurements constitute a delicate probe of reaction dynamics.

Since A° polarization was discovered, there have been many
experiments studying the polarization phenomenon (3,...,14). There has also
been theoretical activity trying to explain this phenomenon and attempting to
understand the sources of polarization [15,..,,19]. Unfortunately, there is not a
simple explanation of the origin of A° polarization, despite the enormous

theoretical activity.

Most of the experimental studies of A’ polarization have investigated
A’‘s produced inclusively. These studies use any A’ produced in a high
energy proton-target collision independently of the rest of the particles
created. There have been few attempts to study A°‘s in exclusive reactions
[20], i.e., reactions where all the final state particles are measured. Therefore,
our knowledge of the contributions to inclusive A’ polarization from specific
final states is quite limited. The present thesis is an attempt to clarify this

situation.

The main goal of this dissertation is to search for A° polarization in
specific final states. We examine four reactions in detail. We investigate the
kinematic dependence of the polarization in each reaction and compare the

polarization between different final states.

We present with more detail below how final state reactions are

classified and what variables, from a kinematic point of view, are useful in




studying A° polarization. We explain how A° polarization is measured,
outline the main features of the experiments that have studied A°

polarization and their results, and describe the theoretical models that have

been proposed to explain A° polarization.

In chapter 2 we describe BNL E766, which scientists from Columbia
University, the University of Massachusetts at Amherst, the Universidad de
Guanajuato, México, the University of Texas A & M, and the Fermi National
Laboratory designed and ran. The data for this dissertation is from this
experiment. In chapter 3 we describe how we selected the data sample. In
chapter 4 we describe how we determined A° polarization. In chapters 5 and 6

we present the results and conclusions.

1.2 Some Definitions

In high energy physics, we distinguish between inclusive reactions and
exclusive reactions. An inclusive reaction has the form a+b—c+X. We
study ¢ and ignore the rest of the reaction, X. An exclusive reaction can be

written as: a+b— c+d, +d,+...+d,. We study c in the particular channel that

includes the specific set of particles 4,,4d,,...,d,.

In order to characterize the reactions of interest, we consider three
different particle production models: i) Single diffraction dissociation (SDD)
ii) Double diffraction dissociation (DDD), and iii) Double pomeron exchange
(DPE). In Figure 1, we represent the idea of these processes. Equations 1, 2|

and 3 represent these processes respectively.




h+h = X+h 1)
h+h —->X+Y 2
h+h =>X+h+h, 3

where h represents the incoming beam particle, k, represents the target
particle, h represents either A or h, in the final state, and X and Y represent
the collection of diffractively produced particles in the final state. For
example, consider that h and h, are colliding protons. Equation 1 represents
the case when one proton breaks up (either the beam proton or the target
proton) and the other remains unaltered (Figure 1a). Equation 2 represents
the case when both protons break up and two diffractive branches appear
(X and Y) (Figure 1b). Equation 3 represents the case when both protons

remain unaltered and something extra (X) is created (Figure 1c).

The appropriate variables to use in describing the reaction final state
particles in the center-of-mass system (CM) of the event are the Feynman
scaling variable (X,), the transverse momentum (P,), and the mass of the
diffractively produced system (M,). X, is defined as the ratio of the
longitudinal momentum of the particle, P,, to the maximum longitudinal

momentum of the particle, P,,,,. i.e.,

In what follows, the variable P, will refer to the longitudinal
momentum of the A° in the center-of-mass of the event and P, to the
transverse momentum of the A°, unless stated otherwise. Additionally we

choose that c=1and A=1.




1.3 A'and K!

A’ hyperons and K mesons, both, have two body decays, have similar
lifetimes, and are often produced with similar momenta. Even though the
decay kinematics are not quite the same, similar experimental biases -- if any
-- should affect the measurement of each decay. Since K} has zero spin, it is
convenient test particle to determine if the technique to measure the
polarization of A° is correct. A parallel analysis of K] polarization using the
techniques to study A° must reveal that the K] polarization is zero,

Otherwise the procedure to analyze A° polarization is flawed.
14  Polarization of A’

1.4.1 Introduction

It is well known that strong interactions conserve parity. Parity
conservation implies that a A° must be created with its spin normal to the

creation plane [21]. The creation plane is defined as the plane formed by thé

momentum of the beam particle (Pyogp particle) and the momentum of Af
(ﬁA), in the laboratory system. See Figure 2. This figure shows the relation
between the laboratory coordinate system and the creation plane, it also

shows the coordinate system that we used to determine the A° polarization,

The normal to the creation plane can be taken as the spin quantization axi

Therefore, we take this direction to define A’ polarization. If we take N, an

N, as the number of A°'s with spin pointing along the normal to the creatio




plane and the number of A°'s with spin pointing along the opposite direction
respectively, the polarization of A° is defined by

A

N,+N,’

In other words,

Pr= a, Fbcammidtxﬁ:\,
A=\ O TR =11/
IPmmpanict. XPAI

1.4.2 Review of Experimental Results

Many A° polarization studies use a beam that hits a target at an angle.
A neutral beam is obtained by sweeping charged particles out of the beam.
Then the neutral beam is collimated. The A°’s are collected and analyzed
through its decay pz~, using conventional spectrometers. Since the A°’s are
detected at some distance from the target, this technique tends to select
energetic A°’s rather than low momentum A’’s. If we observe in the CM of

event, it means that A°’s are selected preferentially in the P, >0 hemisphere.

Experiments [2,..,14, 22] have shown that A’ polarization in inclusive

reactions has the following properties.

1. A° polarization seems to be a linear function of transverse momentum. It

decreases from 0 at P; =0 to below -0.20 at P, =1.6 GeV [8].

2. For P, below ~1.3GeV, A° polarization is approximately linear with P,

with a slope increasing with X, [22].




3. For P, above ~13GeV A° polarization is independent of P, up to

figure shows roughly that A° polarization is independent of target nature and
g ghly po pe

the beam energy.

1.4.3 Review of Theoretical Models

[15,..,19]. The main assumptions of the theoretical models treating

p+Target = A° + anything are:

1.

P, ~3.5GeV and approximately linear with X, [22].

A® polarization does not depend strongly on the beam particle’s energy.
The P, dependence of A’ polarization is the same in the beam particle

energy interval (6.0, 2000) GeV [6, 7).

The A° polarization does not depend significantly on the nature of the

target; Be, Pt, Ir, W, p, H,, D,, and C have been used as targets [2,..., 12].

In Figure 3 we plot some of the results of previous experiments. This

A’ polarization has been treated theoretically by several authorﬂ

The wave function of A° is |A’)=|ud)|s), where |ud) comes from the

proton valence quarks. The |ud) diquark is in the S=0 state. The spin of

A° is determined by the spin of the s-quark. It gives polarization to A°.

The s-quark may appear from two alternative sources:
i) From the initial proton’s quark sea.
ii) Produced during the collision from a gluon decaying into an s§ pair

(g = s%).




It is also assumed that the energy of s-quark in the CM system is low
and depends little on the incident energy of the beam particle. The A’ energy
is thus given essentially by the energy of the ud-diquark. The differences
between the models are the mechanisms proposed to polarize the s-quark

state.

In the J. Szwed [19] model for inclusive and exclusive processes, the s-
quark obtains transverse momentum by multiple scattering on quark-gluon
matter. Since the s-quark has non-zero mass, it becomes polarized in this

process.

In the K. Heller et al. [8] model for inclusive processes, the u-quark
. from the proton that disintegrates radiates a gluon that produces an s§ pair. If
the gluon is polarized in a bremsstrahlung mechanism, so is the s§. This
polarization is the same as A’ polarization, and it is correlated with the

transverse momentum direction of the A°.

The B. Andersson et al. [18] model is a semi-classical one. The
mechanism that produces the polarization of the s-quark is a soft process. In
this kind of process perturbative QCD is not applicable. The quark anti-quark
pairs (s3) are produced by a tunneling process in the color field. During the
process, parallel spins of s and of § are balanced by angular momentum
according to local angular momentum conservation. The correlation
between the transverse momentum of the s¥-quarks (which is measured
with respect to the momentum of the s§ pair) and the spin of the s¥-quarks

will make the s§-quarks polarized.




In the T. DeGrand et al. [16] model for inclusive reactions, the origin of
the A’ polarization is explained in terms of the Thomas precession of the s-
quarks spins during the recombination processes. The parton-recombination
model plus SU(6) symmetry is used to relate the baryon’s polarization to the

polarization of the underlying constituents -- the s-quark.

In S.M. Troshin et al. [15], a A’ polarization mechanism is not
suggested. Instead a single time dynamical equation for the amplitude of A°
polarization is proposed. They assume that the production of A° particles is
the result of the decay of an excited proton state, |uud(s¥)), containing a (s)
pair in the P state. Since the |uud) quark state is not polarized, they suppose
that the (s5) pair is polarized. They do not propose a mechanism to polarize

the (s5).

In the Muller-Regge model, other ideas for A® polarization arise. In
Muller-Regge model with simple poles, A° polarization is identically zero
K.J.M. Moriarty et al. [17] proposed a model where the polarization resul

from Regge-cut contributions.




1.5 Dissertation Research Goals

The main goals for this dissertation research are the following:
1. To study and measure A° polarization in the following exclusive

reactions, where the A° — pr™ decay is detected:

i) ppopANK'rn'n, 6 track events
ii) pp>pNK'n*n n*n, 8 track events
iii) ppo pN°K*a*a n*n natn, 10 track events
iv) ppopN°K*'atn ' atnntn, 12 track events

The above reactions are produced in 27.5 GeV proton-proton collisions.
2. To determine, in each case, the A° polarization as a function of P, and as a
function of P,.

3. To compare the polarization of A°’s from the above reactions.

10




CHAPTER 2

EXPERIMENT BNL E766

2.1 Introduction

The goal of Brookhaven National Laboratory (BNL) experiment E766 is
to study strong interaction processes in proton-proton and neutron-proton
interactions. No model concerning this kind of interaction suggested these
studies. The experiment was designed to measure, on an event by event
basis, completely accurately, and with high statistics, high multiplicity final

states.

Since no restrictive triggers were imposed and since very large
amounts of data were collected, it has proved to be possible to study a variety
of physics topics including: strange particle production [23], search for
charmed particles [24], production of strange baryons [25], study of diffractive

dissociation [26], and others.

In this section, we give a brief description of the beam line, the target,

BNL E766s spectrometer, the drift chambers, the scintillation counters, the

Cherenkov counter, the trigger system, and the first three steps in the dat
analysis. For construction details of the detector, for a detailed description o
the multiparticle spectrometer and its drift chamber system, and for

description of the readout system, see Reference 24.
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2.2 The Beam Line

The Alternating Gradient Synchrotron (AGS) at BNL in Upton, NY,
provided the beam for E766. The beam proton from this machine has a
typical energy of 28.5GeV. The usual beam flux in the extracted beam line,
B5, is 300 million protons per pulse. A beam pulse occurred for 1.2 seconds

every 3 seconds. For more details see Reference 27.

The 28.5GeV beam used in the 1986 proton run was spread out by
passing it through a copper target and then through a brass attenuator. This
resulted in a beam of protons with an average kinetic energy of 27.5 GeV and
a mean flux of ~20 million protons per pulse. The beam was run through a
collimator and two quadrupole magnets before it was measured in a beam
spectrometer. The beam was measured to have an average momentum
vector of (-0.275,-0.03,27.5)GeV and an ellipsoidal shape. The width was
about 1.7 inches on the X (horizontal) axis and 2.0 inches on the Y (vertical)
axis. The Z -momentum component spectrum of the proton beam is shown
in Figure 4. The spectrum peaks at 27.5 GeV and has a full width half
maximum of 300 MeV corresponding to a gaussian with o = 130 MeV,
approximately 0.5% of the mean momentum. Since the extracted beam has a
momentum spread of approximately the same size, it is clear that the

resolution of the beam chambers was adequate.

23 The H, Target

E766's target was liquid H, contained in a 3 inch diameter, 12 inch long

cylinder. The H, container was made of 0.006693 inch (170 p) thick mylar.
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The probability, (see Reference 28), for an interaction of the incoming proton,

when it has traveled x cm across the H, target is:
P(x)=1-¢"1,

where y=0.0708 g/cm’ is the liquid H, density at 4.3 K° and 1.1 atmosphere,

and /=50.8 g/cm’ is the nuclear interaction length in H,.

24  The Spectrometer Magnet

The Jolly Green Giant (JGG) analyzing magnet is the structural base of
the detector. It is a large dipole magnet that contains five drift chambers and
the Middle Hodoscope. See Figure 5. The dimensions of its aperture are:
86.75 inches in width, 49 inches in vertical height, and 104 inches in length
along the beam. The JGG has four independent coils. Each coil was run at
1500 amperes. The JGG did not provide a uniform magnetic field. When the
magnetic coils are carrying 1500 amperes, the magnetic field in the center of
the magnet is roughly 10 kG. This gives charged particles that move through

it a 350 MeV kick of transverse momentum.

The coordinate system for the experiment is fixed in the center of the
magnet; i.e., (0,0,0) of the coordinate system is in the center of the magnet.
This coordinate system is a left handed one, with the positive Z-direction
being downstream along the beam direction, the positive Y -direction up, and
the positive X -direction is chosen so that a left handed coordinate system iJ

defined. The coordinate system is shown in Figure 2, and in Figure 5.
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2.5 The Drift Chambers

The drift chamber system consists of 6 drift chambers located inside the
magnetic field of the Jolly Green Giant dipole magnet. The chamber’s

construction and operation details are described in References 24, and 29.
The drift chamber’s main characteristics are:

1. Minimal material. Each drift chamber’s material corresponds to 0.15% of
a radiation length. This minimizes multiple scattering and particle re-

interactions.

2. High segmentation. Each chamber has four planes of signal wires with

very narrow spacing.
3. A large spatial aperture and acceptance over a large range of momenta.

4. High efficiency. The single plane efficiency exceeds 99%. This increased
the capability to reconstruct particle trajectories, and therefore, it increased

the number of events that could be completely reconstructed.

5. Large angular acceptance. Measured from the center of the target, the
aperture of chamber 1 corresponds to an angle of +36.47° in the X-
direction, and +23.92° in the Y-direction; the aperture of chamber 6
corresponds to an angle of +18.14° in the X-direction, and $12.32° in the

Y-direction.
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The drift chamber system’s main purposes are:

1. To provide an optimum momentum measurement for all final state

charged particles.

2. To determine all the final state charged particle trajectories. The
measurement of a particle's trajectory and the measurements of the
magnetic field of the magnet provide a mass independent measurement
of the particle's momentum. An item by item description of the
reconstruction algorithm and of the momentum measurements is

provided in Reference 23.

The drift chamber system had 11,264 signal wires, all of them
electronically instrumented. The description of the drift chamber system

electronics is in Reference 24.

2.6 The Scintillation Counters

BNL E766 had 4 scintillation counter arrays: a target counter, the veto

counter array, the Middle Hodoscope array, and the Rear Hodoscope array.

2.6.1 The Target Counter

The target counter is a square piece of scintillator attached to J
photomultiplier, upstream of the target, (the beam proton hits the targef
counter before entering the target). This scintillator counter, like the othei

scintillators, is covered with aluminum foil and plastic electrical tape. The

15




dimensions of the scintillator are 2x2x3/32 inches. Its main purpose is to

detect the incoming beam proton.

2.6.2 The Veto Counters

There were 12 veto counters trapezoidally shaped that formed a
truncated pyramid detector. This pyramidal detector surrounded the target
with its main axis along the Z -direction. Each veto counter is made from
four pieces of lead and five pieces of scintillator. Each one of the pieces was
1/8 inch thick. They alternate in a sandwich array. When neutral particles
cross one of the lead pieces, charged particles are usually produced. These
charged particles are detected by the next scintillators. For details of

construction and electronics, see References 24 and 29.

2.6.3 The Middle and the Rear Hodoscopes

The Middle Hodoscope covers the aperture of chamber 4. The Rear
Hodoscope covers the aperture of chamber 6. The purpose of the hodoscopes
is to count the number of particles produced and to measure particle time of
flight. The Middle Hodoscope, the Rear Hodoscope, and the target counter
form the time-of-flight system (TOF). This system measures the velocity of
the particles. When combined with the momentum measurements, the TOF

is used to identify the mass of particles that have momentum below 2 GeV .
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2.7 The Cherenkov Counter

The details of the Cherenkov counter design and construction are in

References 24 and 27.

The main use of the Cherenkov counter is to identify relativistic
particles. The Cherenkov counter’s design is based on the Cherenkov effect.
Charged particles in a medium will radiate light if the velocity of the particle

is greater than the speed of light in that medium.

The gas of the E766 Cherenkov is C,CLF, (Freon 114) at atmospheric
pressure. This gas has an index of refraction, n=1.0015. A charged particle
with a velocity greater than 0.9985c=c/n will radiate light inside the

Cherenkov counter.

We used the Cherenkov counter in two different ways to identify
relativistic particles. First we used it as a threshold counter to detect the light
from a radiating particle. The threshold momentum is the momentum
value of the particle at which it begins to radiate. Different types of particles
have different threshold momentum values. This momentum depends on
the particle’s mass since the Cherenkov effect depends on the speed of th
particle. The threshold momentum in Freon 114 for pions is 2.6 GeV. Fo
kaons it is 9.0 GeV, and for protons it is 17.1 GeV. The second way was b
measuring the light's intensity. The intensity of the light radiated by
particle is related to its velocity. This measurement improves the particl

identification.




2.8 The Trigger System

It is not possible, even when using the fastest data acquisition system
available, to read out every event. Because of this, E766 -- and every
experiment -- requires some type of trigger system. A trigger's main objective
is to accept only events that are candidates for the final objective. In E766, the
trigger rejects events that could not be fully reconstructed, determines if a

proton interacts with a target proton, and detects an incoming beam proton.

We used the target counter to detect the incoming beam proton, and
the Middle Hodoscope and the Rear Hodoscope to determine if the beam
proton had collided with a target proton producing charged particles. We
used the veto counter around the hydrogen target to detect particles that
escaped the detector before these particles could be measured. The hardware
processor, the different trigger conditions for selecting the data sample, and
the multiplicity triggers are described in Reference 25. The readout system is

described in Reference 24.

29 The Data Analysis

Each stage reduces the number of events by discarding those events
that are not going to be identified as exclusive. Each step was known as PASS.

Each step was not specific for any particular final state.
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29.1 PASS1 - Track Reconstruction

The main task of PASSI is to reconstruct particle trajectories. This task
was performed by a specially constructed hardware computational system, the
hardware processor. A detailed description of the algorithms used is in
Reference 23. We distinguish three kinds of particle trajectories: six chamber
trajectories (tracks passing through all six drift chambers), four upstream
chamber trajectories (tracks passing through the first four drift chambers), and
four downstream chamber trajectories (tracks passing through the last four

drift chambers).

The trajectories of the particles were reconstructed from the Jolly Green
Giant drift chamber information. Each drift chamber had four views. The
hardware processor was programmed to obtain particle tracks in all foun
views. This information was used to reject the occasional tracks which were
incorrect or false tracks. The ability to form 3 dimensional trajectories from
pairs of views was very successful in rejecting incorrect tracks. The final 3-D

trajectory used the information from all 4 views.
PASS1 also determined P, (the particle momentum component along
the beam’s momentum) for each particle. Events with

3P, 219.9GeV,
=1

where n is the number of final state particles, were recorded for the next
analysis step, PASS2. This cut rid the data of many non-exclusive candidater

events.
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2.9.2 PASS2 - Vertex Reconstruction

The general task of PASS2 is to reconstruct event vertices by looking

for particle trajectories that intersect.

There are two kinds of vertices: the primary vertex and secondary
vertices. We defined the primary vertex as the vertex where the proton-
proton collision occurred. We found it by looking for the intersection formed
by at least three different particle trajectories. We defined secondary vertices
as the points where particles decay. We found these points (separated from
the primary vertex) by looking for the intersections formed by at least two

particle trajectories.

PASS2 reconstructed three-chamber tracks (tracks that passed through
only three drift chambers) and provided better momentum measurement for

all particles in an event.

Another task of PASS2 was to select events that satisfied the condition
iP,I 226.5GeV indicating that were few missing particles because the initial
=

momentum along the Z-direction was 27.5 GeV. The average X-momentum
component was -0.275 GeV and the average Y-momentum component was
-0.030 GeV. Since we are interested in exclusive events, PASS2 also accepted

events with P? <0.02 (GeV)?, where
8 3 ) 2
P'= [}: Py, ~(-0. 275)] +[}: Py~ (—0.030)]
J= Jul

and P,, and P, are the components of the momentum of particle j

perpendicular to the Z-axis. For PASS2 details see Reference 27.
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The primary vertex reconstruction was then improved using the
information from the trajectory of the beam particle (only events with one
interacting beam proton in the target were used). This new point was used to
improve the reconstruction of the final state particle trajectories. After this
improvement, the P? cut was changed to P? <0.01(GeV)’ and the sum of the

charges of the final state particles was required to equal 2.

2.9.3 PASS3 - Particle Identification

In the PASS3 step of the analysis, a new coordinate system is defined.
The incoming proton direction is used as the new Z-direction. The new Y-
and the new X-directions are perpendicular to each other and to the new Z-
direction. As the beam proton direction changes slightly every event, each

event has its own coordinate system.

The first step of PASS3 was to discard events that were not exclusive,
In order to do that, the following cuts were imposed. It was required that all
tracks were assigned to a vertex, except the beam proton track; that the total
electric charge equaled 2; that the total longitudinal momentum was greater
than 26.5GeV; and that the total squared transverse momentum was less#

than 0.01(GeV)?, see next equation.

P:= (,’.3. P, ), + (,% », ), £0.01(GeV)’

The P} cut was then tightened to P} <0.002(GeV)’ to improve the

selection of exclusive final state events.
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Figure 6 shows P} distribution for the 8 track final state sample; the P3-

cut is shown.

Another important task of PASS3 was to identify particles by using the
information from the drift chambers (indirect particle identification), and by
using the time-of-flight system and Cherenkov counter information (direct

particle identification).

PASS3 programs were run on a Digital Equipment Corporation VAX
Station 3200.

PASS3 details can be found in Reference 27.

2.9.3.1 A(E - Pl)-Indirect Particle Identification

The initial state consists of two colliding protons; one at rest, the other

with a momentum along the Z-direction of ~27.5 GeV.

To reconstruct and to identify the final state events, we use many
conservation laws: energy and momentum, charge, baryon number,

strangeness, and lepton number.

The particles were identified as follows. In an event, an identity
(n*, 7", p, P, K", or K*) is assigned to each of the final state particles. In the
assigning processes, the above mentioned conservation laws had to be
satisfied, except the conservation of strangeness that was allowed to be
violated by at most 1 unit. This is because strange particles might not have
decayed at the point they were detected. Many combinations are possible.

Each assignment was required to be self-consistent. For example, if the second
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vertex were identified as a A°, only assignments consistent with p and #~ aﬁ
the decay products were taken. In principle, one assignment (the solution) is
correct. In practice it is often difficult to select only one set of assignments. To
find the most likely correct assignment, we used the A(E-Pl) technique
(basically, energy-momentum conservation). Let E be the total energy of the
event and P! the total longitudinal momentum of the event along the beam

proton direction. Then:
A(E-PhH=(E-PI), - (E-PI),

where f means final state and i means initial state.

If we require energy-momentum conservation in the reaction, this

quantity,
L] 2
A(E-Pl)= (Z,(Ej - Plj)) - (Zl(Ej - Plj)) p
= s/ 1= i
must be zero when we get the correct combination; where n is the number of
final state particles.

PASS3 kept all the solutions with A(E - Pl)-values within —0.028 GeV
to 0.032 GeV .

At times, there was more than one solution which satisfied A(E - Pl),

For further discussion about this, see Chapter 3. Also see Reference 25.

2.9.3.2 TOF-Cerenkov-Direct Particle Identification

The direct particle identification consists in determining the particle’s

mass. To determine a particle's mass, we used its momentum and velocity
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measurements. For relativistic particles (those with velocities greater than
0.99¢), the particle’s velocity was determined using the Cherenkov counter.
For slow particles (those with velocity below 0.99¢) the particle’s velocity was
determined using the TOF system. The momentum measurements were
provided by the JGG’s drift chambers system, for both, relativistic and non-

relativistic particles.

Figure 7 shows A(E - Pl) distribution, in the interval (-0.028, 0.032)
GeV for the 8 track sample, without direct particle identification and with
direct particle identification. From this figure we can see the improvement of
the particle identification; the background is reduced roughly by half, using

direct particle identification.




CHAPTER 3

A’ POLARIZATION

In this chapter we show how we selected the data sample for A°
polarization studies. This step in the data analysis was called PASS4. Also,
we show how we defined the coordinate system that we used to determine A°

polarization.

3.1 A’ Sample Selection

The E766 collaboration collected ~3.1x10° raw data events. ~2.7
million events passed all the cuts imposed in PASS1, PASS2, and PASS3.
These events were identified as exclusive events. Roughly 10% of this data
was identified as containing A’ events. The last cuts of PASS2 and PASS3
described in sections 2.9.2 and 2.9.3 reduced this sample by roughly a factor of

two.

For polarization studies, we used this sample (roughly 5% of the 2.7
million event data). Table 1 lists the features of this sample. In this table, the

average number of solutions shown corresponds to the A(E - P!) interval of

(—0.028, 0.032) GeV.
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The A° sample has the following characteristics:

1) The number of vertices equals 2. The primary vertex must be located
inside the target. The secondary vertex must be consistent with being a A°
decay. This requirement includes those secondary vertices which were

consistent with both A° and K.

2) All the tracks must be assigned to the primary vertex (that means, the
primary vertex is a point on each those tracks). Exceptions to this are the
beam track, which is not assigned, and the tracks created by the decay
particles. In the last case, the tracks must be assigned to the secondary
vertex and the projection of the composite (the track formed by the decay

particle trajectories) track must be assigned to the primary vertex.

We selected the solutions for a particular final state,
pp = pA°K+(7r+7r')N with A’ = pzx~ and N =1,2,3,4, in the following way. We
checked that the solutions for a particular final state were consistent with the
Cherenkov information and the TOF information. Solutions were rejected if
they were inconsistent with the Cherenkov information. A Cherenkov
inconsistency is a Cherenkov cell with no light and more than five
photoelectrons predicted, or a Cherenkov cell with more than one
photoelectron observed and none predicted. The solutions were also
discarded if they were inconsistent with TOF information. A TOF
inconsistency is a difference between the predicted time value and the
observed one which exceeds the counter’s resolution by three standard

deviations.
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Despite the elimination of solutions not consistent with the
Cherenkov or the TOF information, the number of solutions per event
remained roughly the same. In order to reduce the number of solutions per
event and to improve the probability of getting the right solution, we
tightened A(E - PI) cut. Since we are interested in exclusive A° polarization
measurements, improving the probability of getting the right solution is very

important.

We selected the values of the A(E—PI) cut in the following way. The
A(E - Pl) cuts from PASS3 are -0.028 and 0.032 GeV. Considering only the

solutions that passed all cuts -- except Cherenkov and TOF cuts -- the
A(E - Pl) distributions for each final state sample peak roughly at 0.003 GeV
We discard the background of the distribution and fit the peak to a gaussian
In this way we get the standard deviation of the distribution’s peak. We put a
cut in A(E — Pl) values of two standard deviations. The limits are -0.008 and
0.013 GeV (see Figure 7). A A(E- Pl) cut of two standard deviations around
the value where A(E-Pl) distribution peaks assures that we have >90%
probability of picking the right solution. See Reference 29 for a detailed

description of this procedure.

The tight A(E-PI) cut and direct-particle identification reduce the

background roughly to half (see Figure 7). We call the background of the

sample those remaining solutions which are not really pA°’K +(ft"ft")N.

The background comes from many sources.

1. There can be several assignments of identities of the tracks that satisfy all

the cuts (more than one solution). For example, the K* may be
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interchanged with the p or the p with a #*; if the event survives all the
cuts (when we interchange the identities of the tracks), we have no way to

decide which is the correct solution. Therefore, we take both.

2. There might be one missing neutral particle. This contribution should be
suppressed by the P} and A(E - PI) cuts.

3. An event of a different final state which accidentally happens to have a

: : . \N
solution consistent with pA°’K*(z*n") .

4. Mis-measurements of particle trajectories could result in a non-exclusive

final state satisfying the cuts.

Table 2 lists a rough estimate of the percent of background for each

sample.

The fraction of the events passed the A(E-Pl) cut is ~89%. The
average number of solutions per event after all cuts is approximately one. If
an event has more than one solution we select just one and discard the rest.
(This procedure does not affect our A° polarization measurements, because if
we have one event with two solutions the identity of A° decay products does
not change.) Table 3 lists the characteristics of the sample that we used to

study A’ polarization.

A typical event from the 8 track final state, that passed all the cuts, is
shown in Figures 8 and 9. In Figure 8 many detector elements are
represented. We can see the tracks and the primary and secondary vertices.
Track 8 is the negative pion and track 6 is the proton that comes from the A°.

The proton track curves to the negative X -direction and the pion track curves
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to the positive X -direction. The primary vertex is very close to the upstream
end of the target. The secondary vertex is between the second and third
chamber. Two views of the same event are presented in Figure 9; the primary

vertex and the secondary vertex are more evident.

We ran PASS4 programs on a Digital Equipment Corporation VAX
Station 3200.

3.2 A® Polarization

We explain the definitions and the conventions that we use to

determine A° polarization.

The polarization of A° is defined as:

where &, represents the spin of the A° and n defines the direction of the
quantization axis. Instead of using the spin polarization definition to
measure A° polarization, we used the angular distribution of its decay -- p

and 7~.

Our data are analyzed in a left handed coordinate system. In that

coordinate system we define the normal to the creation plane as:

]
i

beam proton

|
!

A Ax
n=
A X

beam proton

This definition is consistent with the current literature convention (see

Reference 9.) We define the coordinate system where the A° polarization is
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measured in the following way. We define the Y-direction along the #
direction, 4 =(0,1,0)=#4, the Z-direction as the P, direction,

i, =(0,0, 1)=13A/]FA|, and the X-direction so that we have a left handed
coordinate system, A, =(1,0,0)=-#, x#,. In this way, each event has its own

coordinate system.

In the coordinate system where the A’ is at rest, the angular

distribution of the proton is given by:

‘% = 4%:—(1 + afé,\.ﬁ,) ’ 3.1)

where % is the probability of obtaining dN protons inside the angular
region dQ, a=0.6410.013 [28] is the asymmetry parameter of A° decay, £, is
the polarization, and P, is the unit momentum vector of the proton. The
polarization can be considered to have three components, one along each
axis. @, is the left-right asymmetry of the A’ decay proton, @, is the up-
down asymmetry, and g, is the backward-forward asymmetry. According to

parity conservation in strong interactions, g, =0 and g, =0.

30




CHAPTER 4

PROCEDURES TO DETERMINE POLARIZATION

4.1 Corrections to the Data

In every experiment, it is necessary to determine if either the apparatus
or the analysis procedures affect the physics being measured. For example, a
small geometrical acceptance or a series of restrictive cuts might distort an
otherwise smooth distribution. Many previous measurements of A°
polarization have studied and corrected for such effects using techniques

including Monte Carlo [3] and the Hybrid Monte Carlo method [9].

However, we believe that experiment E766 has an important advantage
over those measurements. The large geometrical acceptance of the apparatus
indicates that A’'s are detected well over a broad range of kinematic
conditions, especially over those variables important to the determination of|
polarization. Although there are clearly differences in the detection
probability as a function of A° momentum, there are no a priori arguments
suggesting that the acceptance changes rapidly over variables such as cosé,,
the distribution from which the polarization is determined. For this reason,
and because any correction for apparatus-related effects would introduce
additional uncertainties in the polarization, we present our results assuming
that the acceptance in cos8, is flat. We recognize that this assumption must
be justified and we do so in Chapter 6 after we present the polarization

results.
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42  Coordinate Systems

The relation between the coordinate system used to measure A°
polarization and the laboratory coordinate system is as follows. If we start in
the A’ rest frame that has its axes parallel to those in the laboratory coordinate
system (obtained with a boost from the laboratory coordinate system to the A°

rest frame), the relationship between these two coordinate systems is given by

matrix S.
VN, VN, VN,
S=|VN, VN, VN,
VN, VN, VN,
where:
VN, =-VN,, VN, +VN,, - VN,
VN, =-VN,, - VN, + VN, VN,
VN,, ==VNp - VNg +VN,, VN,
and
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oo

VN, =
A

P
VN, =122

VN, =

oS

where P, and P, are the A° momentum and the beam momentum in the

laboratory coordinate system respectively.

For example, if P, is the decay proton momentum vector in the A° rest

frame, the corresponding momentum vector in the A rest frame where we

measured the polarization is given by i",' =S5,

4.3 Polarization Determination

The procedure to determine A° polarization p=(p,,p,,p,), was th‘T

following. Consider the decay proton momentum in the A%’s rest frame

This momentum vector can be written as P(cosO,,cos 0,,cos0,). WI
histogram the values cos6, i=x,y,z, in 20 bins from -1 to +1. Since thes

distribution are supposed to follow equation 3.1, we fit each one to a straight

line using the least-squares technique. An example of cos@, distribution is

given in Figure 41a. The slope of the straight line fit is:

= Ne0t,

- 4z

and the constant parameter is b, = %’r'-, where b, is the value of the intercept.
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From these equations we obtain:

m .
‘0'=b—:' i=x,yz2

i

The statistical errors for the polarization are given by:

oV (oY \12
s Ty ") .
Ap, b,a(( m‘) +(b.-) +(—‘;‘l ) i=x,yz.

See Appendix II for a detailed discussion of error propagation.
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CHAPTER 5

RESULTS AND DISCUSSIONS

In chapters 3 and 4 we described the procedures to determine A°
polarization. In this chapter we present our determination of the A°
polarization and the consistency checks that we performed. We present our

conclusions in the last section of Chapter 6.

5.1 Distributions in P, and in P,

In Figure 10, we show the number of A’'s observed versus P, for each
of the final states. The difference in the shape of the distributions is due to

the different production processes involved.

We can understand the P, shapes using the SDD model and the DDD
model. The 6 and 8 track P, distributions are consistent with the SDD model
(Figure 10a, and 10b, respectively). The backward peaks are consistent with
A’'s produced from target fragmentation and the forward peaks correspond tqg
A’'s produced from beam fragmentation. The 10 and 12 track P, distributions
are consistent with the DDD model (Figure 10c, and 10d, respectively). The
peaks around P,=0 correspond to A’'s that are from both the targef
fragmentation and beam fragmentation. In this case it is difficult to separate
A"'s produced in target dissociation from those created by beam dissociation

Figure 11 shows P, distributions in each final state multiplicity.
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5.2 A° Polarization in the 8 Track Final State

The accuracy of A° polarization measurements is limited by the size of
the sample being studied. The number of events in each of the samples is
listed in Table 3. Since the 8 track final state is the largest sample, we started

our A° polarization investigation with that final state.

52.1 P, and P, Dependence

Using the entire sample, we divided the data sample into 5 P, bins.
Table 4 shows these bins. In each bin of P,, we determined the A°
polarization along the axis perpendicular to the creation plane. Our results

are in Table 5 and in Figure 12.

The polarization in this final state is consistent with zero and is
independent of P,. This result is extremely surprising! The result is rather
different from any other study of A° polarization. Either we have discovered
a particular reaction in which polarization plays no role or there is an error in
our analysis procedure. An intensive investigation of all our assumptions

and analyses was begun.

No errors in our procedures were found. However, we did observe
that our experiment accepted A’'s over a much wider range of kinematic
variables than most previous experiments. But it was not immediately

evident how a better acceptance could cause the polarization phenomenon to

disappear.
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In most fixed target experiments, only A°'s produced with positive
longitudinal momentum in the center of mass of the interaction (P, >0) are
detected. The design of the beam line and the large separation between the
detector and the A° production point select such A°'s preferentially over the
lower laboratory momentum A°'s with P, <0. However, as shown in Figure
10, this experiment observes roughly equal numbers of events with P, >0
and with P, <0 in the 8 track final state. To determine if this was related to
our surprising result, we separated the data into two P, bins -- the "backward
hemisphere" (P, <0) and the "forward hemisphere" (P, >0). We divided the
data in each hemisphere into 5 equal P, bins. See Table 4. In each
hemisphere and in each P, bin, the A° polarization was determined. The
results of those A° polarization determinations are in Table 6 and in Figure

13.

The differences between the two hemispheres are dramatic and quite
unexpected. In the forward hemisphere (P, >0), the polarization decreaseg
roughly linearly with P, -- from zero at P,=0 to ~-0.23 at P,=1.118 GeV. In
sign, magnitude, and P, dependence, the polarization in this final state agrees

with A° polarization measured in inclusive final states. In Figure 14, we

compare our results with the results of Reference 4. The results are very

similar.

However, in the backward hemisphere (P, <0), the polarizatiorr
increases as P, increases -- from zero at P,=0 to ~+0.18 at P,=1.118 GeV
Within statistics, the polarization in the two hemispheres is the same in
magnitude but of opposite sign. Since our 8 track final state sample has

roughly equal numbers of events from each hemisphere and the backward
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hemisphere P, (P,) distribution is the same as, bin to bin, the forward
hemisphere P, (P,) distribution, our combined total sample had no net

polarization.

Statistically, A° polarization in the forward hemisphere is mirror

symmetric to A° polarization in the backward hemisphere.

The model of B. Andersson may be relevant to this observation.
According to that model, in beam fragmentation the A° is formed if an s§-
pair is generated in the field of the (ud)-diquark (from the proton) in the §=0
state. The A’ continues in the same direction (with the same sign of P,) as
the beam proton. With this production mechanism, the spin of the A° is
determined by the spin of the s-quark. s and 5 spins are anti-parallel to the
normal of the creation plane and are balanced by the orbital angular
momentum. Thus, the A° has negative polarization. During target
fragmentation, the same arguments lead to positive polarization but the A°
has negative P,. In either ca\se, the magnitude of A° polarization is expected

to increase with increasing transverse momentum of the A°.

We thought that experiments with colliding beams might have
measured A° polarization in the backward hemisphere. The experiment of T.
Henkes et al. [20] does partially. We discuss their results and compare with
ours in the next section. The experiment of A.M. Smith et al. [11] does not
observe in the backward hemisphere. They observe only in the forward

hemisphere.
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5.2.2 Dependence on Other Kinematic Variables

5.2.2.1 Further Investigation of the P, Dependence

Using the 8 track sample, we have studied A° polarization (for both
P, >0 and P, <0) as a function of P,. From those results, we have learned
that the A’ polarization depends strongly on P,. However, important
questions remain. How does the A° polarization depend on P, or X,? And
where (in P,) does the A° polarization pass from negative to positive values?
We address these questions in this section. To study A° polarization as a
function of P,, we divided the P, variable into 6 P, bins, see Table 7. Each P,
bin covers the total P, range, (0,1.2)GeV; in this way, in each P, bin our
measurements are integrated over the P, variable. In each P, bin, we

determined the A° polarization. The results are in Table 8 and shown in

Figure 15, we plot the polarization as a function of X, (P,,,, =3.2GeV). From
Figure 15, we can see that A° polarization depends on P, (or X.). Af
polarization value is ~0.14 at P, =-2.6 GeV and decreases roughly linearly to
~-0.23 at P, =+2.6 GeV. P, =0 is the point where A’ polarization appears to
change sign. This fact has been observed in a colliding beam proton
experiment [20]. They have observed that A’ polarization depends on P, or
X, (for X, in Reference 20 is defined in the CM of the A’K™ system, our data
are not directly comparable with theirs), and the point where A° polarization,
as a function of X, changes sign is approximately X, =-0.5. In their words;
" P, depends on cos®. It is positive for cos®<-0.5, becomes negative for
cos®>-0.5, reaches a maximum of (-62 + 10)% near cos® ~0.25, and

decreases again in magnitude for forward going A°'s." (Here cos® is equal to
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X, in the CM of their A’K™ system and P, is the polarization with respect to

the normal of the creation plane.)

5.2.2.2 Relative Directions of A’ and K* and of A’ and p

Because we had observed such strong dependence on P, and P,, we
investigated if there were other kinematic variables which were correlated
with the polarization. Theoretical models [18] suggest that the relative
motion between A° and other particles of the reaction affects A° polarization.
For example, the model of Andersson et al. proposes that there must be a
relation between the relative motion of the A° and the K* and A°
polarization. This model proposes that the quarks s and § are created in
opposite directions when A° is polarized. Crudely, we take their directions as

the directions of the A° and the K* respectively.

We investigated if A° polarization is affected by the relative motion
between the A° and the K*. Additionally, we searched for any dependence

with the relative motion between the A° and the p.

In the kinematic region where the A° and the K™ have the same sign of
the Z -component of momentum in the center of mass of the event (Pzcm),
we separate the sample into P, <0 and P, >0 bins. In each of these regions,
we chose 5 P, bins and measured the A° polarization. The results are in Table
9. For the case where the A° and the K™ have the opposite sign of Pzem, we
repeated the above procedure. The results are in Table 10. The number of A°
with the same sign of Pzcm as that of the K* is ~3/5 of the sample, and the

number with opposite signs is ~2/5 of the sample. The statistics in the region
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where A° and K* have the same sign of Pzecm in the CM of event are very
close to the statistics of the region where A° and K* have opposite sign of
Pzcm. Thus, we can compare the polarization (as a function of P, and as a
function of P,) between those regions. We also compare with the
polarization determined in the region where no conditions between A° and
K* were imposed. In Figure 16 we compare these results; these
measurements agree. The polarization for (P, >0) when the A° and K* have
the same sign of Pzcm seems to be smaller than the polarization (for P, >0)
when A° and K* have the opposite sign of Pzem. If we average the
polarization in each case, we get -0.078 1 0.064 and -0.163 £ 0.078 respectively.
We conclude that statistically both measurements are the same. If we
compare the polarization measurements in the backward hemisphere, we
have similar conclusions, since the average polarization in each case is

+0.08310.056, and +0.112+0.067 respectively.

To determine if there is a dependence of A’ polarization on the relative
motion of the A° and the p, we followed a similar procedure. For the case
with the opposite signs of Pzcm, the results are in Table 11. For the case with
the same signs, the results are in Table 12. In this case we lack the statistics to
measure A° polarization for P, >0. Roughly 4/5 of the events are with the A°
and p with the opposite signs and roughly 1/5 of the events are in the region
where the A®° and the p have the same sign of Pzcm. (Most of these event%

are in P, <0 region.)

In the region where A’ and p have the opposite sign of Pzcm, in the
forward hemisphere, and in the backward hemisphere, we do have enough

data to compare the polarization with the polarization of the region where ng
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conditions were imposed between the relative directions of A’ and p; we
found that statistically they agree. See Figure 17(a). In the region where A°
and p have the same sign of Pzcm, in the forward hemisphere, we do not
have enough data to compare the polarization with the polarization of the
region where no conditions were imposed between the relative directions of
A’ and p. However, in the backward hemisphere we do have and we
determine A’ polarization, see Figure 17(b). A° polarization, in the backward
hemisphere, when A’ and p have the same sign of Pzcm, seems to be
consistent with zero (0.04+0.07). This is most probably due to the X,
distribution of the A's in that sample, since the polarization is small near
X, =0. In this region, ~ 75% of the A’'s have X, <0.3. Therefore, we observe

A° polarization consistent with zero.
%

5.2.2.3 M(AK), M(Aku*u‘), and M(AK2(z*%"))

Some authors have claimed that A° polarization depends on other
variables besides P, and P,. For example, in the reaction pp — p(A°K *), T
Henkes et al. [20] observe that A° polarization decreases to -63 + 4% when

M(AK) is 2.8 GeV. Following these suggestions we investigated A°
polarization as a function of M(AK), M(AKz*z"), and M(AK2(x*z")).

We divided the 8 track sample into 5 M(AK) bins. See Table 13. In
each of these bins we determined A° polarization. The results are in Table 14.

Figure 18 shows these results. From this figure we can see that A°

polarization is consistent with zero and independent of M(AK), in the entire
sample. This is due to the effect observed in section 5.2.1 -- the mirror

symmetry in P,. As we did for the P, variable, we separated the sample into
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P, <0 and P, >0 pieces. Each of these bins was divided into 5 bins of M(AK),
see Table 13. In each of these bins we determined A° polarization. The results
are in Table 15. Figure 19 shows these results and compares them with
Reference 20 data. From Figure 19, we see that A° polarization does depend
on M(AK). However, it is not clear that this dependence is not just the
dependence on P, and P, discussed in section 5.2.1. Since M(AK) depends
directly on both variables through the equation of energy-momentum
conservation. We do note that the polarization magnitude in both
hemispheres is roughly ~0.13 at M(AK)=2.47 GeV. Although the reaction is
not identical to the pp — p(AK) final state in Reference 20, these results do
not confirm their observation of significantly enhanced polarization, but in
the region of M(AK) where both experiments overlap, the A° polarization
measurements agree, see Figure 19. In the forward hemisphere A?
polarization is negative. At M(AK)=17GeV, the polarization is consistent
with zero, it decreases roughly linearly to ~—0.16 at M(AK)=2.47GeV. In the

backward hemisphere at M(AK)=17GeV, the polarization is consistent with

zero, and it increases roughly linearly to ~+0.11at 2.47 GeV.

We also note that these results represent the first study of Af

polarization as a function of M(AK) variable in the backward hemisphere.

To study A° polarization as a function of M(AKn*n'), we divided the 8
track sample into 5 M(AKII+7I_) bins. See Table 16. We determined A
polarization in each of these bins. The results are in Table 17. In the entire

sample, A° polarization is consistent with zero and independent of

M(AK7r+7r"), as can be seen in Figure 20. Because of the symmetry in P,, we

separated the sample into P, <0 and P, >0 hemispheres. We divided each of
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these bins into 5 bins of M(AK::*::‘), see Table 16. We determined A°

polarization in each of these bins. The results are in Table 18. Figure 21

shows these results. From this figure we can see that A° polarization depends
4 P pe

on M(AK::*::’) variable. In the forward hemisphere A’ polarization is
negative. At M(AKn’*n") =2.75 GeV, the polarization is consistent with zero,
it decreases roughly to -0.16 at M(AKz*7z")=3.75GeV. In the backward
hemisphere A° polarization is positive. At M(AKz*n")=2.75GeV, the
polarization is consistent with zero, it increases roughly to 0.06 at
M(AKz*n")=3.75GeV. In this case also, our results represent the first study

of A° polarization as a function of M(AK::*;:‘) in the backward-forward

hemisphere.

For the case of M(AK 2(1:*7:")) variable, we divided the entire sample
into 5 M(AK 2(7:"7:')) bins, see Table 19. In each of these bins we determined

A’ polarization. The results are in Table 20. Figure 22 shows these results.

From Figure 22, we can see that A’ polarization is consistent with zero and
independent of M(AK2(x*x")).

As we did for the P, variable, we separated the sample into P, <0 and
P, >0 bins. Each of these bins was divided into 5 M(AK2(x*x")) bins. In each
of these bins we determined A° polarization. The results are in Table 21.
Figure 23 shows that results. From Figure 23, we see that A’ polarization
depends on M(AK2(x*z")). In the forward hemisphere A° polarization is
negative. At M(AK 2(1:*7;‘)) =3.9GeV the polarization is consistent with zero,
it decreases roughly linearly to ~-0.14 at M{AK2(x*%"))=5.1GeV. In the
backward hemisphere A° polarization is positive. At M(AK2(x*%"))=3.9 GeV

the polarization is roughly consistent with zero, it increases roughly linearly




to ~0.06 at M(AK 2(u+1r'))= 5.1GeV. Our conclusions are the same as in the
dependence on M(AK), and on M(AK:: 1:‘).

52.3 A’ Not Produced Directly

A° polarization may depend on whether the A° is produced directly 01{
is the decay product of a particle or resonance produced in the strong
interaction of the two protons. This is particularly troublesome to inclusive
studies which are unable to distinguish directly produced A°'s from those
made in other ways. In our exclusive final states, we have the ability to study

the contributions from non-directly produced A°'s.

52.3.1 Z°— A%

In inclusive A° production at these energies, as much as 30% of the A°'5Ji
are the result of decays of Z° [30]. Those A’'s dilute the polarization observed

inclusively, making comparison with theoretical models difficult.

In our exclusive sample, we expect the contribution from Z”s to be
reduced compared to inclusive production. The stringent demands on P}
and longitudinal momentum restrict the kinematic regions when the gamma
ray from the Z° = A’y decay can be unobserved. If the missing momentum i

too large, the event will not pass our cuts.

In order to estimate the fraction of A’'s from Z° decay, we conducted 3
Monte Carlo simulation. We assumed that the production processes for Zf

were identical to those describing A’ production. (See Chapter 6 for a detailed
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presentation of the Monte Carlo procedures.) Once produced, the £%s were
decayed isotropically in their center of mass into Ay. Information about the y

was then discarded and the event processed as thought it were A° production.

From these studies, we found that the average acceptance for A°
produced from Z° is 1.32%. Using another Monte Carlo sample of A° directly
produced (see Chapter 6) we found that the average acceptance for A° directly
produced is 11.17%. If we suppose that the Z° production is equal to the A°
production, the ratio of the A° produced through I°— A’y to the A° produced
directly is roughly 12%. But from inclusive studies, we know that Z°
production is 0.28 £ 0.011 [30] of a A’ production. Thus the ratio of A°
produced through Z°— A’y to A° produced directly is roughly (3.36 £ 0.132)%.
From these Monte Carlo studies, we determined cuts which would reduce the
possible contamination of A° from Z° decay in the sample. By choosing the
total sum of the longitudinal momentum of the event between (27.3, 28.0)
GeV, and the total squared transverse momentum less than 0.001 GeV?, we
discard 75% of the Z° (A°) Monte Carlo output sample. When we put these
cuts on the 8 track Monte Carlo sample (A° directly produced), the sample was
reduced by 14%.

Demanding the above mentioned cuts, the 8 track sample was reduced
37.5%. In this sample, the ratio of A"'s produced through I’ decay to direct
A’'s is roughly 1%. In this reduced sample, we studied A° polarization as a
function of P, and P, , as we did in section 5.2.1. The results are in Table 22.
In Figure 24 we compare these results with the results that we obtained in

section 5.2.1. From this figure, we can see that statistically the results are the
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same. We conclude that the 3.36% of the contamination from X° does not

affect our results on A° polarization.

5232 " o5 A'n”
The resonance X' (1385) was detected in our A° sample.

The following procedure was followed to determine what effect, if any,

the existence of this resonance had on our measurements.

In Figure 25 we plot the invariant mass of all possible combinations of
A° . It peaks clearly around 1.385 GeV. In the figure we indicate the cuts
((1.33, 1.46) GeV) we performed on the sample around the peak of the
distribution. The events inside this interval were discarded; they represent
roughly 4.2% of the sample. We measure A° polarization with the rest of the
events. The results of these measurements are in Table 23. In Figure 26 we
compare these A° polarization measurements with the results obtained in

section 5.2.1. From this figure, we can see that both sets of measurements are

statistically the same. Our conclusion is that there is not any difference
between the A° polarization directly produced and the A° polarizatiorT

contaminated with roughly 4.2% of £~ — Az,

5233 ™ o A'n?
The resonance I (1385) was also detected in our A° sample.

To determine what effect, if any, the existence of this resonance had on

our measurements, the following procedure was conducted.
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In Figure 27 we plot the invariant mass of all possible combinations of
A’m*. 1t peaks clearly around 1.385 GeV. In the figure we indicate the cuts
((1.33, 1.46) GeV) we performed on the sample around the peak of the
distribution. The events inside this interval were discarded; they represent
roughly 4.5% of the sample. We measure A° polarization with the rest of the
events. The results of these measurements are in Table 24. In Figure 28, we
compare these A° polarization measurements with the results obtained in
section 5.2.1. From this figure, we can see that both sets of measurements are
statistically the same. Our conclusion is that there is not any difference
between the A° polarization directly produced and the A° polarization

contaminated with roughly 4.5% of ™ — A’x*.

53 A°’ Polarization as a Function of the Number of Final State Particles

We investigated if the A’ polarization depends on the number of final
state particles, or the number of pions in each multiplicity. We compared the
8 track final state sample results with the 6, 10, and 12 track final state
samples. We separated each of these samples into P, <0 and P, >0 bins. We
separated each of these bins into 5 P, bins (the same P, bins we use in
measuring the 8 track sample). We measured A° polarization in each of these
bins. The results are in Table 25, Table 26, and Table 27 for the 6 track, the 10
track, and the 12 track final state samples respectively. For the 6 track final
state sample (see Figure 29), we lack statistics. We note that although the 6
track polarization seems to follow the behavior of A’ polarization in the 8
track final state sample (see Figure 29 where we compare with those from the

8 track final state sample), the error bars are too large to allow a definitive
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comparison. In both hemispheres the polarization is mirror symmetric of
each other. To double the statistics, we combine the polarization from both
hemispheres. The results are in Table 28 and are shown in Figure 30. From
this figure it is evident that 6 track sample polarization and 8 track sample
polarization have the same behavior. For 10 track final state sample, A°
polarization in the forward hemisphere is consistent with the 8 track A°
polarization. In the backward hemisphere A’ polarization is consistent with
zero. Figure 31 shows these results and the comparison with the 8 track A°
polarization. For 12 track final state sample, A’ polarization in the forward

hemisphere is consistent with the 8 track A° polarization. In the backward

hemisphere A° polarization is consistent with zero. Figure 32 shows these

results and the comparison with the 8 track A° polarization.

These facts deserve a little more discussion. In section 5.1 we state
that the 6 track and the 8 track samples seem to share the same productio
mechanism (SSD). Either the beam proton or the target proton dissociates t
give birth to the A°. In this case, the P, variable seems to work very well i
separating both hemispheres (the As from the target proton ar
preferentially in the P, <0 hemisphere and the A°'s from the beam protox}
are preferentially in the P, >0 hemisphere). The 6 track sample polarizatio
and the 8 track sample polarization (in the backward hemisphere and in th
forward hemisphere) have the same behavior as a function of P,, as we state

above.

We have stated also in section 5.1 that the 10 track sample and the 1
track sample share the same production mechanism (DDD), where either th

beam proton or the target proton dissociate to produce the A°. In this case, th
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P, variable is not enough of a criterion to separate the A’'s produced via the
dissociation of the target proton, P, <0, from the A"'s produced via the

dissociation of the beam proton, P, >0.

We compare, for P, >0 and P, <0, the A’ polarization measurements
of the 6 track, the 8 track, the 10 track, and the 12 track samples. In Figure 33,
we compare the results, in the forward hemisphere, between the different
samples. From this figure, we can see that the A’ polarization is statistically
the same for all final state multiplicity particle samples. In Figure 34, we
make the same comparison, but in the backward hemisphere. From this
figure, we see that the A° polarization for the 10 track and for the 12 track
samples is consistent with zero -- clearly different from the 6 track and the 8
track A° polarization. This is a surprising result. It is possible that this result
could be coupled to the fact that the production mechanisms seem to be
different or with the difficulty of separating the two reaction hemispheres. In
either case, we conclude that A° polarization, in the forward hemisphere, does
not depend on the number of final state particles. Using the technique we
have described, the polarization changes as a function of multiplicity in the
backward hemisphere. In the backward hemisphere, A’ polarization is
different from zero for the 6 track and for the 8 track samples and is consistent
with zero for the 10 track and for the 12 track samples. This is most likely
because our technique (separation into 2 P, hemispheres) is not sufficient to

identify which interacting proton produced the A°.

It is important to note that these results agree with the current reported

inclusive A° polarization measurements. Because as we stated in section
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1.4.2, in inclusive reactions only A° polarization measurements in the P, >0
y z

hemisphere have been carried out.

5.4 Consistency Checks

We performed two consistency checks of the technique used to extract

A° polarization.

First, in 8 track A’ polarization measurements, we checked our

measurement procedures by determining the polarization (expected to be

zero) of a sample of exclusive K's. The analysis procedures were identical to

the A° 8 track final state sample. We substituted the p from A° for the n*

from K;. The results along the n, direction are in Table 29. The measured
K; polarization is consistent with zero along this direction, for both
hemispheres, see Figure 35. These results were statistically unchanged by

acceptance corrections (see section 6.2.3).

As a second consistency check, we analyzed an 8 track Monte Carlo
sample that was created with known polarization, see section 6.2.4. We
followed exactly the same procedure as with the data. The results are in Table
30, for the n, direction. The results are the same -- inside the statistical
uncertainties -- the polarization we put into the sample. The polarization

agrees between generated and measured for both hemispheres. See Figure 36.
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5.5 Other Components of the Polarization

So far we have not discussed A’ polarization components that are in
the creation plane (according to our convention, the A° polarization
components along the n, and along the n, directions). Any deviation from
zero could be from production mechanism processes, from A° magnetic
moment precession in the magnetic field, or from acceptance problems. A’'s
must be created with their spins normal to the creation plane. Therefore, the
components of A’ polarization along the n, and along the n, directions must
be zero. If they are not the result of the decay of another particle or resonance.
We determined that a few percent of A’'s are created indirectly. In this way,

we discard the first proposition.

To test the second proposition, we have calculated that the maximum
precession angle of A’ magnetic moment, in the magnetic field of E766
spectrometer is roughly 5.4°. With this value, the components »n, and n, of

the A° polarization must be less than roughly 0.035.

If the acceptance varies extremely rapidly in the variables used to
measure the polarization, small uncertainties in the determination of
acceptance could result in incorrect or unreliable polarization measurements.
As we show in Chapter 6, Monte Carlo studies of the acceptance for the n, and
n, components show that such variations do in fact exist. Thus, we are

unable to measure the n, and n, components reliably.
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CHAPTER 6

IS THE ASSUMPTION OF NO ACCEPTANCE CORRECTION
JUSTIFIED?

6.1  Acceptance Calculation

We have assumed that the polarization measurement is not affected by,
either the apparatus or the analysis procedures. To determine if this
assumption is justified, we use Monte Carlo techniques to calculate the

acceptance as follows.

We define the acceptance of the detector in a Monte Carlo simulation
of the experiment as:

# of accepted events
# of generated events

A, = Acceptance = = -1!4-,
N,

The acceptance is a function of the reaction type, the model of the

production process, and the momenta of the particles in the final state.

6.2 Monte Carlo Simulation

Due to the complexity of the detector, its acceptance must be studied
using a Monte Carlo simulation technique. The complete process of thisg
technique has two steps: First, the Monte Carlo data is generated with certain

characteristics, definite number of final state particles, polarization for certain
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particles, and certain momentum distributions, etc. Second, the generated

data is passed through the simulated detector.

6.2.1 Detector Simulation

We generated the particular mechanism of production; i.e., the way the
particles are created, the number of particles in each event, the number of
vertices, the momenta for each particle, and the decay time for unstable

particles.

In a Monte Carlo simulation of the detector we use the actual
characteristics of the detector. These are: the real distances between static
detector components (JGG magnet, drift chambers, etc.), and the shape and the
size of its components (chambers, scintillators, target, etc.). In addition we
used a map of the magnetic field and the world average values [28] of particle

masses.

The Monte Carlo program generated hits in the drift chambers and
counts in the scintillators. Effects such as particle re-interactions, energy
losses, and multiple scattering were included. The program simulated decays
in flight of pions, kaons, and hyperons. It included drift chamber wire
inefficiencies, drift time measurement errors, and multiple wire responses.
The simulated events were written as a data set of the same form as the real

data.

The Monte Carlo data was then treated as if it were real data. It was
passed through the same sequence of analysis programs as the real data --

PASS1, PASS2, PASS3, and PASS4.
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6.2.2 Monte Carlo Production of Unpolarized A’

The Monte Carlo simulations of A°‘s have the following main features.
The total available energy in the center of mass of the interaction is 7.31GeV.
The coordinate system is identical to the laboratory coordinate system

described in section 2.4.

The first step in generating the reaction is a single diffraction
dissociation pp — pX. This has one proton and an X system, which contains
all the other particles. The transverse momentum distribution in this
intermediate state is given by:

dN _ o

_~e

dPy

This P} distribution is consistent with the distributions seen in the real data

[25], and is termed diffraction dissociation [31].

In this intermediate state, M; can be expressed as:

M; = €' +m} —[4e*(m} + P} + P})

where ¢ is the total center-of-mass energy, m, is the proton mass, and P, and
P, are the longitudinal and the transverse momenta of the proton in the

center-of-mass frame respectively.

For each final state, different M} distribution functions were used. The

1 . .
~— , where r is an integer.

function is given by TV T
X X
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In each different final state sample, the following values for D and r

were used:

For 6 track nts: D=4 and r=6.

For 8 track events: D=4 and d‘lin’ ~Cup to M;=16GeV’ and r=6 for

X

M} >16 GeV>.

For 10 track events: D=4 and df!vz ~Cup to M;=25GeV? and r=6 for

X

M:>25GeV*.

For 12 track events: D=2 and r=-12 up to M} =36.6 GeV? and dj!Nz ~C for

X

M:? >36.6 GeV2.

For all final states the X system decayed into A°, K*, and Naxtn") pairs,
where N =1 for six track events, N =2 for eight track events, N =3 for ten
track events, and N =4 for twelve track events. For further details of the

X decay algorithms, see Reference 25.

The momentum distributions for individual particles, the total
momentum distributions for all particles, the position distributions for the
primary vertex, and the mass and the lifetime distributions for A° are
reproduced by the Monte Carlo generator. The main features of the data are
reproduced by the Monte Carlo in each final state. However, the Monte Carlo
simulation does not include resonances. The data contains resonances such

as A™(1232), K" (892), p(770), £**(1385), £*-(1385), A°(1232).

Due to the finite acceptance of the spectrometer, many of the generated

events do not survive the full analysis procedure. Table 31 summarizes the
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number of A’ events generated for each final state and the number of events
accepted after the analysis and Table 32 summarizes the average acceptance in
each final state multiplicity. Table 33 shows the average time spent to
generate each Monte Carlo sample in a Digital Equipment Corporation VAX

Station 3200.

6.2.3 Monte Carlo Production of K

For consistency checks, we produced a Monte Carlo X; sample in an 8
track final state. The Monte Carlo production of K has the following
characteristics. The system pp decayed isotropically; i.e., following a phase
space production (PHSP) model, into 2p, K’ and =n*a"n*n~. The PHSP
model is a statistical one. It considers only kinematic relations between the
final state particles and supposes that it is equally probable for all the spatial
directions (or all the momenta) that the final state particles can obtain. For a
complete discussion of the PHSP model see Reference 32. The K? decayed
following the PHSP model into a #*z~. Table 34 summarizes the number of

K events generated and the number of events accepted after the analysis.

6.2.4 Monte Carlo Production of Polarized A°

In order to check the analysis procedures further, a Monte Carlo sample

of polarized A’‘s was generated in the 8 track final state.

The main features were the following. The first intermediate state of

the pp system was the pX system as described in section 6.2.2. The X system
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- -

decayed isotropically into A° K*#x*z"n*n~. The A° was assigned a polarization

as described in Table 35. The polarization is a function of P,.
We polarized A° in the following way:

In the coordinate system in which A° is at rest (the coordinate system

defined in section 3.2), the decay proton is distributed (along the n, direction)
according to the following expression:

aN__1

m 2(1+ap, coso,) (2).

In order to generate the decays with this distribution, we use the

technique shown below. If R is a random number between 0 and 1, the

following expression produces values of cos@, which satisfy the distributions

in equation (2).

‘T’ (1 +agp, cosb, )d(cos 0,)
R=<=3} 3
j(1+ ap,cos8,)d(cos,)

The Monte Carlo assumes there is no polarization in either the n, or n,

directions.

The distributions generated along #, and along #, axes were isotropic;
i.e., with no polarization along those directions. From equation (3), if g, =0,

cosf ==1+2*R i=x,z. f p,#20i=y,

. -1+ Jl+2ap,(2R-l)+ (Zaz{o,)z .
agp,




6.3  Acceptance

In this section, we show that the detector acceptance does not affect our

A’ polarization measurements, within the statistical uncertainties, in the n,
direction. The acceptance does affect polarization in the n, and in the n,
directions, making it difficult to determine the A’ polarization in these

directions.

We discuss and compare the acceptance determined by two different
Monte Carlo samples. The first sample, which we call the big statistics Monte

Carlo sample (BS), was created as we explained in section 6.2.2. The second

sample, which we call the small statistics Monte Carlo sample (SS), was
created combining together, in different percentages, data created as we will1

indicate below.

These samples were created following the procedures in section 6.2.2,
with the characteristics for each of the models, in each final state multiplicity,

as follows:

For 6 track events: 1): D=4 and r=6.

dN
_~C.

X

2: D=2and

For 8 track events: 1): D=4, v Cupto M} =16GeV’ and r =6 for
am’,

X

M? >16 GeV*.

2): D=2and r=-12 up to M =20.6GeV? and

dN, ~C for M} >20.6 GeV?>.
dMm?
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For 10 track events: 1):

2):

For 12 track events: 1):

2);

Ex o up to M; =25GeV* and r=6 for

2
X

M} >25GeV>.

D=4 and

D=2 and r=-12 up to M} =30.6 GeV? and

dd:z ~C for M2 >30.6 GeV2.
X

Not created.

dN
= el

X

D=2 and r=-12 up to M2 =36.6 GeV? and

for M? > 36.6 GeV?,

The SS sample, in each final state (except the 12 track sample), was created

combining the two samples in the following percentages:

6 track events: sample 1) 85% + sample 2) 15%
8 track events: sample 1) 60% + sample 2) 40%
10 track events: sample 1) 40% + sample 2) 60%
12 track events: sample 2) 100%

In what follows, we are concerned solely with the 6 track, the 8 track,

and the 10 track Monte Carlo samples, since the 12 track Monte Carlo sample

does not change.

Table 36 lists the number of events generated and accepted, in each

final state multiplicity, for the SS sample.




Table 37 lists the average acceptance in each final state for the S
sample. The average acceptance agrees with the BS sample averag

acceptance, see Table 32.

To calculate the cos6, i = x, y, z acceptance distributions, we divided th
cos@;, i=x,y,z range (-1, +1) in 20 equal bins, for both the accepted Mont
Carlo data and the generated Monte Carlo data. The cos@, i=x,y,
distributions, from the accepted Monte Carlo data, divided by th
corresponding cosf, i =x,y,z distributions, from the generated Monte Carl
data, represent the cosf, i=x,y,z acceptance distributions. The data cos€@

i =x,Yy,z distributions divided by the corresponding acceptance distribution

give us the cos6, i = x, y, z distributions corrected by acceptance.

For acceptance correction purposes, we use only the BS sample (~2.
times the data), because the SS sample is not large enough (approximately 1/
the data in each final state). In the first case, the measurement error bars ar
dominated by the data errors; in the second case, the measurement error bar

would be dominated by the Monte Carlo errors.

6.3.1 Acceptance Along the n, Direction

The acceptance curves for the BS and for the SS samples, in all trac

samples, along the n, direction (the normal to the creation plane) are smooth

and symmetric around zero. The acceptance distributions are statisticall
consistent with a straight line of very small slope or with a straight line o

slope consistent with zero (a constant).

61



In Figure 37, we show an example (from the Monte Carlo 8 track

samples) of the acceptance curves along the n, direction. These distributions

exhibit the same characteristics. In this figure, we compare the acceptance
from the BS sample and from the SS sample. We can see that the cosé,
acceptance curve distributions are statistically equivalent, in each P, bin.
However, we use only the BS sample distributions to correct by acceptance,
because we want the error bars to be dominated by the data, not by the Monte

Carlo.

Our studies indicate that in all final states, in both P, regions, and in all
P, bins, the BS sample and the SS sample are equivalent. In the 6, the 8, the
10, and the 12 final state samples, we fit to a straight line (and to a constant
also) the cos6, acceptance distributions using the least-squares technique. The
constant and the straight line fit the data very well. The x?/DOF is close to
one, in all cases and in both hypothesis. Both fits are consistent. In 85% of the
P, bins, the slope of the straight line fit is consistent with zero. In the other
15%, the slopes are very small. The results are in Tables 38, 39, 40, and 41, for
the 6, the 8, the 10, and the 12 track final states respectively. In these tables we
compare the slopes of the straight line fits from both Monte Carlo samples.
As an example, we show in Figure 38, the comparison of the slopes/a for the
straight line fits, for the 8 track BS and the 8 track SS samples. In 85% of the

P, bins, the slopes / o are consistent with zero.

The slope and the intercept of the straight line fit are the parameters
that really matter when we correct the data by acceptance. In the cases where
the slope is consistent with zero, the acceptance does not change the data

distributions; the polarization measurements remain unaltered. But in the
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cases where the slope is not consistent with zero, the data distribution
changes, and so do the polarization measurements. However, the fits in
these cases were consistent with a constant also, and no matter in what
complicated way the slope of the data distribution changes, the final effect on
the polarization measurements is unobserved statistically. We show in

section 6.4, that this is the case.

6.3.2 Acceptance Along the n, and n, Directions

The cos@, acceptance distributions vary rapidly, are not smooth, and
are not symmetric around zero. In the P, <0 region, these acceptance curves
have a big positive slope. An example from the 8 track sample is in Figure 39.
We compare the cos@, acceptance distributions from both samples, the BS
sample and the SS sample. Inside the statistical errors, they agree in both

hemispheres.

The cos8, acceptance distributions vary rapidly also, are not smooth,
and are not symmetric around zero. In the P, <0 region, the acceptance
curves have a big negative slope. An example, from the 8 track sample, is in
Figure 40. We compare the cos, acceptance distributions from both samples,
the BS sample and the SS sample. Inside the statistical errors, they agree in

both hemispheres.

The behavior of these acceptance curve distributions, makes it

impossible to determine the A° polarization along the n, and n, directions.
P P g x 2
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6.4 Comparison Between Uncorrected A’ Polarization Measurements and

Corrected Ones, Along the n, Direction

To show that the acceptance does not affect the A’ polarization
measurements along the », direction, we corrected the data using the
acceptance obtained from the BS sample. Figure 41 shows an example of
cos@, distributions; Figure 41a shows the cos6, distribution uncorrected by
acceptance, Figure 41b shows the cos@, acceptance distribution, and Figure 41¢
shows the cos6 acceptance distribution corrected by acceptance. Statistically

the acceptance correction does not change the cos@, distribution.

We found that the polarization results in all final states are unchanged
within statistics when the acceptance corrections are applied. An example
from the 8 track sample is in Table 42. Table 42 shows both sets of

measurements.

In Figure 42 we compare these two sets of A’ polarization
measurements. We can see that, statistically, the two sets of measurements
agree. Therefore, our A’ polarization measurements are independent of the

acceptance corrections.

Table 43 shows the same comparison in the Monte Carlo 8 track

sample.

In Figure 43 we compare Monte Carlo A’ polarization measurements
uncorrected by acceptance with those corrected by BS sample acceptance.
From this figure, we can see that both sets of measurements agree. This fact
supports our previous conclusion, that our A’ polarization measurements are

independent of the acceptance corrections.



6.5 CONCLUSIONS

We have studied the polarization of A’'s produced in the exclusive

reactions:
pp— pNK*n*n” 1)
pp - pNK*'n*n n*n” (2)
pp = pNK ' n*nntnatn 3)
pp - pNK ' n*nntn ntr T 4)

A’ polarization, in reaction (2), depends both on the Z-momentum
component in the center of mass of event (P,) and the transversal
momentum with respect to the Z-direction (P;) of the A°’. In the kinematic
region with P, >0, the A° polarization is consistent with zero at P, =0 and
decreases linearly with P, to —0.23+0.08 at P, =1.2 GeV. These results agree
with the current reported inclusive A’ polarization measurements (1, . . . ,14].
In the kinematic region with P, <0, the A’ polarization is mirror symmetric
to that in the P, >0 region (the polarization is consistent with zero at P, =0
and increases linearly in P, to +0.18+0.08 at P, =1.2 GeV). The dependence of
A° polarization on the P, results in a net zero polarization when the entire
data sample for this reaction is analyzed independently of P,. We find that
the observation of polarization requires the ability to distinguish in which
kinematic region (forward where P, >0, backward where P, <0) the A’ is

produced.

A° polarization, for reaction (1), agrees with that from reaction (2). A

polarization, from reaction (3) and (4) agree with each other; and with that
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from reaction (2) in the P, >0 region. In the P, <0 region the A’ polarization
seems to be consistent with zero. These results could be an indication of the
production mechanisms. For reactions (1) and (2), the A”s are most probably
created by SDD (Single Diffraction Dissociation, P, distributions have
forward-backward peaks). For reactions (3) and (4), the A’ are more likely
created by DDD (Double Diffraction Dissociation, P, distributions peak around
zero). For SDD, P, is correlated to the Z-momentum component in the
center of mass of the event of the proton (F,,); for DDD the correlation is
weaker. The additional complication of the detector acceptance makes this
more apparent in the P, <0 region. The absence of polarization in the DDD
type reactions (3) and (4) (in the P, <0 region) could be due to our inability to

distinguish uniquely the kinematic region in which the A’'s are produced.

We have also studied the A° polarization dependence on the relative
directions of A° and K* and A° and p in the reaction (2). When the p and the
A’ are in the same hemisphere (both P, <0 and P,, <0), the P, distribution
peaks around zero. The A’ polarization is consistent with zero (as in reaction
(3) and (4) with P, <0). When A’ and K™ are in the same hemisphere (both
P, >0 or P, <0) or in opposite hemispheres (one P, >0 and the other P, <0)
and when the A’ and the p are in opposite hemispheres, P, distributions
have backward and forward peaks. The A’ polarization is consistent with the
polarization measured independently of the kinematic distributions of p and
K*. We interpret this as indicating that the determination of the A°
polarization depends on the ability of the experiment to tell which proton

dissociated into the A°.
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APPENDICES

I Proton Angular Distribution

The spin of A° is different from zero [28]. In high energy collisions, a A°
is created with its spin normal to the creation plane [21]. Through the weak
force, a A° breaks up into a p and a n~, with 0.64 of probability (28]. The
angular distribution of its decay products is not isotropic and depends on the
A°’s spin orientation. We now analyze with great detail the angular

distribution of A’ decay products and relate it to the A’ polarization.

A’, p,and #’s quantum numbers are [28]:

A% J"=(—1-)+ p: J’=(—l—)+ n: J'=(0)"
2 2

By conservation of total angular momentum:

J =L+8§, slopsl
2 2
If
1 1
—=L*r~ = L=0 or L=1
2 2
If
—l=Lil = L=0
2 2

Consider the A° rest frame coordinate system. Let the Y-direction be

parallel to the normal of the creation plane. Let u be the probability that the
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A° spin points parallel to the normal of the creation plane, and let d be the
probability that the A° spin points anti-parallel to the normal of the creation

plane.

Consider a sample of N, A’‘s. Let N, be the number of A°’s with spin up

and N, the number of A°’s with spin down.

We have N, =Nu and N =Nd=N,(1-u). By the definition of
polarization we have:

0, = 1 J',Ol' pA=N°u_N°(1—u)=2u-
+N, N,

1

Let 6 be the angle between the normal of the creation plane and the

proton momentum vector. Let W, (6) be the angular distribution of the

proton when the A° spin is parallel to the creation plane normal and W (6) be

the angular distribution of the proton when A° spin is anti-parallel to the

creation plane normal.

If the A° spin and the p spin are parallel when the A° decays, we have
L=0.-- Swaves. If the A° spin and the p spin are anti-parallel when A°

decays, we have L =1. -- P waves.
By parity conservation:
Parity of N°(even) = Parity of p(even) X Parity of n~ (odd) x (-1)*
If parity is conserved, L =1. If parity is not conserved, L =0.

Let m, be the Y-component of L and m, be the Y-component of p spin.

Also, let j, and j, be the value of L and the value of p spin respectively.
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With L=0

With L=1

1
=>m2=5,

Let J, be the A’’s spin projection on the Y-axis.

J,=m=m+m,

l=O+-l- S waves
2 2
1_,.1
2 2

P waves
2
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S waves:

|/ J,J m) = z |4, J,mm,) {J J,mm,|J, ], Jm)

1 1,1 1
O+—+—-%— 0+— 0+-— O+-———j:
I 272 2> 2‘ ”””’2>< ""””' 22 2>
|0+l+l:t-l->=0+—l—0:t—l-><0 —O:t ‘0+ll:}:1>
2 2 2 2 2 2 22 2

Jl0+1+1:t1> |O+
2 2 2

+.!_}_:t_l>
22 2

P waves

|J,J,dm) = z |/ Jmm, NI dmm, | 0,0, Tm)

L=+1

m=+1,0;, J=L+S;, J=J+J,
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1+-1—01><1+—1—011+lll>
2 2 222

+l—l><l+l+l——l-ll+l
2 2 2 2 2
1
2

Using
1

Jela jmy=((GFm)jtm+1))?|ajmtl)

+-1-+l><l+l+l—l

2 2 2

1
[2]z)1 1)|+—;—-;-> <1 41 01‘1 +

<1+l+1—-l-ll+ll—1->=—[2]%<1+101|1+ll—1—>
2 2 21 222

I+

122 2)= )
222
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We have

<1+l+1—lll+ll—l->=:}:\/z
2 2 222 3
|1+_1.3._1.>=\/Z|1 1)ll_l>_\/z|1())|_l_l>
222 3 2 2 3 22
P waves

|/, J, J m)= Hzm|11 g, my m)XJ, J, m m,|J, J, J m)

L=+1
m=-1, 0, J=L+S, J=J+J,

to=+l-=,  J=J+h-1

—_—— = _1+__
2 2
Lot
2 2
l+l 1 —-1—>= p l+—1-ml mz><l+lmlm2 l+ll——l->
22 2/ mm| 2 2 22 2
=1+l_11><1+l_11'1 ll_l>
2 2 2 2 22 2
1+lo-l><1+lo-ll+ll_l>
2 2 2 21 22 2
=|l—1)'+ll><1+l—ll1+l-1——l>+
22 2 2

11 1 |1_1)+%%><1+%—1%|1%%_1>+
J_|1+-———>=0=(J,_+J,_)
22 2 11
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If we consider:
1
J_|a jm)y=[(j+m)ji—m+1)]|ojm-1)

we have

1

| —
P

{—

| =

|

| —
v

il

|
Wi

<1 1, _1‘1 LAl _1>=\ﬁ

2 2 22 2 3

1+11_1>=-F,1_1>+11>+\ﬁ|10>'1_1>
22 2 3 22 3 2 2

Let a, be the probability amplitude for Pwaves and a; be the

probability amplitude for S waves when the A° spin is parallel to the normal

of the creation plane.

The probability amplitude can be written as:

o[t 3ol o ol )

And the probability density as:
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w:w,[ 1-3) o) e 1;)'(1;)}
B2t o

= (24" + o) Yo - 3110000
(guorlomaﬁa;+uoo>|’|aﬁr

As:
[00)=Y; =1
|1n=;1=-(%fsme
10)=r’= (3)2 cos @

* _ 2 2 * * 0
Vi ¥p = |am| +|asr| - (asT Apr+ asTa,,T)cos

2 2Re(as a”)
viv.=(la.f +al )[1 m}ow

When the A’ spin is parallel to the normal of the creation plane, the

angular distribution is given by:

(0)= —'-V%y (1+ acos6)
Qg1

| PT|

where

2Re(agan)

lanl +lasf

74



Let a,, be the probability amplitude for P waves and a,, the probability
amplitude for S waves for the decay of a A° when its spin points down in the

creation plane. The probability amplitude can be written as:

b ol Dol D]

And the probability density:

2 1 1
viv,= (311 + S0 Yo + 300 Hojala, +
1
\j;l 1 O)* I Oo)a:ias¢ +N OO>|2|as¢ I2

If we use:
|00)=Y; =1

110) =Y = (3)3 cos@
1
-1)=y"=+ (%)2 sin @

we obtain for the probability density:

* 2 2 * *
vy = Ianl + Iast‘ + (asiaPJ. + ana.u)cose

and for the angular distribution:

w0y Y ¥e ., 2R,
l Al +la, | I‘INI +|a“l
with
2Re(a a”)
o +a
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The angular distribution, when the A° spin is anti-parallel to the

normal of the creation plane is given by:
W, (0)=1-acosé

The total angular distribution is:

dN

—5 = W (ON, + A=W (OIN,
=(u+oucosf@+1—ocos6—u+ aucosd)N,
=(1-(1-2u)acos )N, =1+ agp, cosB)N,

dN

o = (1+a f2.cosO)N,

If we normalize to N,, we can write the last equation as:

av _ Ny
a- 4ﬂ(l+a§0,\cose)
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11 Errors

1. Fitting N Points to a Straight Line y, =b+ mx,

The minimum x* or least-squares technique to fit n points, with

values P(x;) and with variance o,, to a given distribution f(x;) is

accomplished by minimizing the valued of %’ given by Equation 1.

[f(x,)=P(x))

i

(D

=3

j=1

The x* characterizes the dispersion of the observed frequencies, P(x),

from the expected frequencies, f(x,).

If the observed frequencies agree exactly with the predicted ones

f (xl.)= P(xl.), then x*=0. The larger the x* values, the larger the deviations

from the assumed distribution. So, the smaller the x’, the better the assumed

distribution.
Sometimes the reduced yx’ is used:
2
V4 2por = ZAOF' ’

where DOF means the degrees of freedom (number of points to fit minus the
number of constraints). If y*/DOF is close to 1 or less than 1, it means that

the assumed distribution fits the observed data well.
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For the particular case of to a straight line, f(x))=b+mx,. It is well

known [33] that

X.y. 1 X
iy — gty
ol ol oliof
m=
Det
and
2
X.Y. X R
gidist _gd X
b=~ P o 0 IO 0,
Det
with

2 2
Dew(‘&%)(z—l;]—(z—’%) -
i 0" i O-i i o'._

As Der is not a function of y, and because for the normal distribution

o, =y, the standard deviations for m and b are given by:

z___.
2 ! o;
" Det
and

2
X
X
2 __ i O]
*  Det

respectively.
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1.2 Determination of Uncertainties in A° Polarization

1.2.1 Correlated Variables

Consider the acceptance 4.

&

where A is the probability of accepting N,, A°‘s of the total number generated

N, A°’sin the bin i. Of course, N, 2 N,,. Thus:

A.=—1Y4‘;
NGI'

Ci

follows a binomial distribution because an event is accepted (N,) or not

accepted (N,,) and always N 2 N,,. This distribution is given by:

P(NA,NG)— NG! NG—NA

—————————————————————— N —-—
N, NP4

where p is the probability of accepting an event. The probability density
function is given by:

£p)=P(N,,N,).

To find the uncertainty in a variable where the variables are related or

correlated, we use the maximum likelihood method. By this method:

o =Iné(p),

o=N,Inp+(N,-N)In(l-p)+InN,!=InN,!-In(N, - N\
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And we have:

And as:

we have that:

and

The uncertainty is given by:

1.2.2 Uncorrelated Variables

Consider the polarization £y

m
p)’_ba'

where mt o, and bt o, are the parameters from the fitting of the cos6,

distributions to a straight line. a % g, is the asymmetry parameter, and g, is

the polarization. This is an example of uncorrelated variables.
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If f=f(x.,x,,..x,) where x,i=12,..,n are uncorrelated. The

uncertainty o7 is given by:

1.3

Error Propagation

In the A° polarization measurements, the errors were propagated

through the following steps:

1y

2)

3)

We plotted cosé,, for each of the P, bins, as we described in section 4.3.

We fitted this distribution to a straight line using the least-squares
technique. If we had not corrected by acceptance, then o}, =N,. This last

statement is following a Gaussian distribution.

We determined the acceptance for each of the P, bins, as we explained in

section 6.3. The acceptance for each cos6, distribution bins is given by:

with N, =N, +N,, and N, 2N,,.

We corrected the real data cos6, distributions, bin to bin, by the

acceptance. We obtained the uncertainties by the following way: from the

number of entries in the bin i,
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we took N, and A, as uncorrelated variables. N, is the number of real

events inside the bin i and A is the acceptance for the bin i. Following

the procedure of this Appendix section 1.2.2, the uncertainty in N is

given by:

1

2
o NN(1 1 1 @)
N, N, N

ri Ai Gi

We fitted the cos@, distribution that was corrected by acceptance to a

straight line y,=b+mcosf, using the least-squares method. Then we

obtained:
N
ﬁ(lJrago,cosGﬂ):bercosOﬂ
and
N, N, m
=—tap,6 b=—2, =-—.
" 4r », 4r w, ab

We took the variables m,«, and b as uncorrelated. Following the

procedure of this Appendix section 1.2.2, the uncertainty in the polarization

o, is given by:

3)
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TABLE 1.
Main features of the used A° sample.

Number of events

" Final state Aeae number

multiplicity of solutions per  from all triggers
particles event
6 1.2 4521
8 1.5 57455
10 2.0 54266
12 2.5 16381
TABLE 2.

Estimated percentage of the background in each final state.

Final state

multiplicity Background
particles (%)
6 12.0
8 10.8
10 11.2
12 11.0
TABLE 3.
Characteristics of the A° sample used to study polarization.
Final state Average number Number of events
multiplicity of solutions per from all triggers
particles event after PASS4
6 1.1 3978
8 12 51195
10 14 48195
12 1.6 14582
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TABLE 4.

Bins for P,.
Bin Range (GeV) P, (GeV)
1 0.000 -- 0.264 0.132
2 0.264 -- 0.528 0.396
3 0.528 -- 0.792 0.660
4 0.792 -- 1.056 0.924
5 1.056 -- 1.320 1.188
TABLE 5.

A’ polarization for the entire 8 track final state sample.

|P,1<3.2 GeV 7
P.(GeV) f,tAp, x*/(DOF =18)

0.132 -0.004 + 0.049 0.98

0.396 -0.017 + 0.032 2.24

0.66 0.020 + 0.024 3.85

0.924 0.017 +0.022 1.08

1.188 0.008 + 0.031 1.49
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TABLE 6.

A’ polarization for the 8 track final state sample.

@ P,<0
P (GeV) p,tAp, 1*/(DOF =18)
0.132 0.028 £ 0.035 1.34
0.396 0.025 £ 0.027 2.02
0.660 0.128 £ 0.032 242
0.924 0.097 + 0.046 1.93
1.188 0.183+0.072 1.18
(b) P,>0
P,(GeV) 0, tAp, 2*/(DOF =18)
0.132 -0.020 + 0.046 0.70
0.396 0.003 £ 0.032 1.69
0.660 -0.114 £ 0.037 1.47
0.924 -0.196 £ 0.052 1.89
1.188 -0.232 £ 0.084 1.09
TABLE?7.
Bins for P,.

Bin Range (GeV) P,(GeV)

1 -3.2-- 2.0 -2.6

2 -2.0-- -1.0 -1.5

3 -1.0-- 0.0 -0.5

4 00-- 1.0 0.5

5 1.0-- 20 1.5

6 20-- 3.2 26
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TABLE 8.
A’ polarization as a function of P,

P,(GeV) p,tAp,
2.6 +0.142 + 0.073
-1.5 +0.142 + 0.064
-0.5 +0.010 £ 0.019

0.5 -0.074 +0.048
1.5 -0.172 + 0.065
2.6 -0.230 + 0.206

TABLE9.
A’ polarization for the 8 track final state sample.

A’’s and K*'s Z-momentum component, in the center of mass of event,
have the same sign.

(a) P,<0
P.(GeV) P,tAp, 2*/(DOF =18)
0.132 +0.035 £ 0.046 1.00
0.396 -0.020 £ 0.034 1.85
0.660 +0.114 £ 0.041 1.63
0.924 +0.094 + 0.060 1.56
1.188 +0.192 + 0.099 0.73
() P,>0
P.(GeV) P,2Ap, x*/(DOF =18)
0.132 -0.052 + 0.060 0.51
0.396 +0.052 + 0.042 1.25
0.66 -0.095 + 0.048 1.60
0.924 -0.183 + 0.067 1.47
1.188 -0.110+0.113 0.91
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TABLE 10.
A° polarization for the 8 track final state sample.

A°‘s and K*‘s Z-momentum component, in the center of mass of event,
have opposite sign.

(@ P, <0
P (GeV) P,rAp, x*/(DOF =18)
0.132 +0.031 £ 0.055 1.73
0.396 +0.102 £ 0.042 0.96
0.660 +0.146 £ 0.053 1.57
0.924 +0.097 £ 0.073 1.61
1.188 +0.18510.110 0.97
() p>0
P.(GeV) o,1A0p, x*/(DOF =18)
0.132 +0.017 £ 0.071 0.80
0.396 -0.064 t 0.049 1.37
0.660 -0.141 £ 0.056 0.73
0.924 -0.221 £ 0.082 1.54
1.188 -0.405+ 0.130 1.09
TABLE 11.

A° polarization for the 8 track final state sample.
A°‘s and p’s Z-momentum component, in the center of mass of event,

have opposite sign.
(a) P,<0
P.(GeV) o,rAp, 2*/(DOF =18)
0.132 +0.034 + 0.041 212
0.396 +0.032+£0.032 2.16
0.660 +0.151 £ 0.041 1.59
0.924 +0.088 + 0.061 1.49
1.188 +0.292 + 0.099 0.61
(b P,>0
P.(GeV) P,1Ap0, x*/(DOF =18)
0.132 -0.008 + 0.046 0.71
0.396 +0.008 + 0.032 1.63
0.660 -0.120 + 0.037 148
0.924 -0.200 + 0.053 1.98
1.188 -0.280 + 0.087 1.04
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TABLE 12.
A° polarization for the 8 track final state sample.
A’'s and p ‘s Z-momentum component in the center of mass of event
have the same sign.

(a) P, <0
P.(GeV) f,£Ap0, 2*/(DOF =18)
0.132 +0.046 £ 0.071 1.11
0.396 +0.004 £+ 0.049 1.44
0.660 +0.074 £ 0.054 1.30
0.924 +0.082 £ 0.073 1.22
1.188 +0.011+£0.110 1.44
(b) P,>0
P.(GeV) o,tAp, x2*/(DOF =18)
0.132 -0.330 £ 0.366 1.55
0.396 -0.320+ 0.172 0.59
0.660 -0.111 £0.197 1.05
0.924 -0.133 + 0.220 0.35
1.188 +0.300 £ 0.340 1.05
TABLE 13.
Bins for M(AK).

Bin Range(GeV) M (AK) (GeV)

1 1.00 -- 1.42 1.21

2 1.42 --1.84 1.63

3 1.84--2.26 2.05

4 2.26 -- 2.68 2.47

5 2.68 -- 3.10 2.89
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TABLE 14.
A° polarization, for the entire 8 track final state sample,
as a function of M(AK).

IP,1<3.2 GeV
M (AK)(GeV) P,2A0, x*/(DOF =18)
1.21 * *
1.63 -0.013£0.023 2.59
2.05 0.024 £ 0.020 3.19
2.47 -0.019 £ 0.029 1.04
2.89 * *

* not enough statistics.

TABLE 15.
A° polarization, for the 8 track final state sample,
as a function of M(AK).

(@) P, <0
M (AK)(GeV) p,tAp, x*/(DOF =18)
1.21 * *
1.63 -0.020 £ 0.030 1.99
2.05 +0.116 £ 0.028 2.87
247 +0.108 + 0.040 1.36
2.89 * *
(b) P,>0
M (AKX GeV) PRI x’[(DOF =18)
1.21 * *
1.63 -0.004 * 0.038 1.46
2.05 -0.080 £ 0.030 1.55
247 -0.160 £ 0.043 1.18
2.89 * *

* not enough statistics.
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Bin

DN W=

TABLE 16.

Bins for M(AKn*n™).

Range(GeV) M(AK* ) (GeV)
20-25 2.25
2.5--3.0 2.75
3.0--3.5 3.25
3.5--4.0 3.75
40-45 4.25

TABLE 17.

A° polarization, for the entire 8 track final state sample,
as a function of M(AKrn*7”).

225
275
3.25
3.75
4.25

“NGeV) 0,tAp,
*
+0.012 £ 0.033
-0.020 £ 0.026
-0.023 £ 0.026

*

* not enough statistics.
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TABLE 18.
A° polarization, for the 8 track final state sample,
as a function of M(AK#n* 7).

@ P,<0
M(AKz*7")(GeV) p,tAp, x*/(DOF =18)
2.25 * *
2.75 0.008 £ 0.059 1.33
3.25 0.027 £ 0.040 2.78
3.75 0.060 £ 0.030 151
4.25 * *

M(AKz* 1~ )(GeV) 0,tAp, x*/(DOF =18)
2.25 * *
2.75 +0.014 £ 0.040 1.38
3.25 -0.057 £ 0.034 1.00
3.75 -0.152 £ 0.041 1.33
4.25 * *

* not enough statistics.

TABLE 19.
Bins for M(AK2(7r+7r“ ))

Bin Range (GeV) M(AK2(n* 7)) GeV)
1 3.0--3.6 3.3
2 3.6--4.2 3.9
3 42--48 4.5
4 48--54 51
5 54--6.0 5.7
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TABLE 20.
A° polarization, for the entire 8 track final state sample,
as a function of M(AK2(n*n7)).

IP,1<3.2 GeV
M(AK2(n*n™)) GeV 0,tAp, x*/(DOF =18)
3.3 * *
3.9 0.049 + 0.034 2.26
45 -0.020 £ 0.025 1.61
5.1 -0.026 + 0.025 1.79
5.7 * *

* not enough statistics

TABLE 21.
A’ polarization, for the 8 track final state sample,
as a function of M(AK2(n*n7)).

(a) P, <0
M(AK2(n*r™)) GeV p,tAp0, x’/(DOF =18)
3.3 * *
3.9 0.068 + 0.040 2.11
4.5 0.064 £ 0.032 1.50
5.1 0.061 £ 0.030 1.29
5.7 *
(b) P,>0
M(AK2(n*n™)) GeV ©,TAp, x*/(DOF =18)
3.3 * *
3.9 +0.047 £ 0.042 1.65
4.5 -0.079 £ 0.033 1.25
5.1 -0.140 £ 0.039 1.71
5.7 * *

* not enough statistics
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TABLE 22.
A° polarization, for the 8 track final state sample,
without A° from Z° — A’y.

(@) P, <0
P.(GeV) 0,200, x*/(DOF =18)
0.132 0.053 + 0.044 1.34
0.396 0.012+ 0.033 1.40
0.660 0.123 + 0.041 1.49
0.924 0.109 £ 0.061 1.57
1.188 0.273 £ 0.094 0.64
(b) P,>0
P,(GeV) p,tAp, x*/(DOF =18)
0.132 +0.074 + 0.057 0.75
0.396 +0.036 + 0.039 1.90
0.660 -0.106 £ 0.046 1.48
0.924 -0.174 £ 0.066 1.93
1.188 -0.300 + 0.108 1.28
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TABLE 23.

A° polarization, for the 8 track final state sample,

without A° from '~ — A°7.

(@) P, <0
P (GeV) P,tAp, x*/(DOF =18)
0.132 0.037 £ 0.036 1.32
0.396 0.024 + 0.027 1.85
0.660 0.120 + 0.033 2.40
0.924 0.100 £ 0.047 1.91
1.188 0.190 + 0.074 1.20
(b) P,>0
P.(GeV) P,tAp, x*/(DOF =18)
0.132 -0.011 £ 0.046 0.58
0.396 +0.001 £ 0.032 1.71
0.660 -0.120 + 0.037 1.42
0.924 -0.200 £ 0.053 1.79
1.188 -0.270 + 0.087 1.09
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TABLE 24.
A° polarization, for the 8 track final state,

without A° from £ — A’z™.

(a) P, <0
P.(GeV) P,£Ap0, 2*/(DOF =18)
0.132 0.037 £ 0.036 1.32
0.396 0.024 + 0.027 1.85
0.660 0.120 + 0.033 2.40
0.924 0.100 £ 0.047 191
1.188 0.190 + 0.074 1.20
(b) P,>0
P.(GeV) P,tAp, 2*/(DOF =18)
0.132 -0.011 + 0.046 0.58
0.396 +0.001 + 0.032 1.71
0.660 -0.120 + 0.037 142
0.924 -0.200 + 0.053 1.79
1.188 -0.270 + 0.087 1.09
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TABLE 25.
A° polarization for the 6 track final state sample.

(@ P,<0
P,(GeV) p,xA0, 2*/(DOF =18)
0.132 -0.000 + 0.106 1.84
0.396 +0.140 + 0.097 1.75
0.660 +0.055 + 0.130 0.94
0.924 +0.278 £ 0.200 1.42
1.188 +0.260 + 0.327 1.14
(b) P, > 0 e
P.(GeV) P,ftAp, x°/(DOF =18)
0.132 -0.052 +0.170 0.86
0.396 +0.140 + 0.120 1.61
0.660 -0.110 £ 0.120 0.97
0.924 -0.376 £0.173 1.33
1.188 -0.041 £ 0.360 1.13
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TABLE 26.

A° polarization for the 10 track final state sample.

(@) P, <0
P.(GeV) P,2Ap, x*/(DOF =18)
0.132 0.079 £ 0.039 1.45
0.396 0.025 + 0.028 2.81
0.660 0.070 £ 0.032 3.80
0.924 0.024 £ 0.045 1.71
1.188 0.023 £ 0.076 0.88

-0.073 £ 0.048
-0.116 £ 0.033
-0.100 £ 0.038
-0.104 = 0.056
-0.189 £ 0.093
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TABLE 27.

A° polarization for the 12 track final state sample.

(@ P,<0

m

P.(GeV) P,xAp, x*/(DOF =18)
0.132 0.049 + 0.070 1.01
0.396 0.006 + 0.048 0.84
0.660 0.085 + 0.057 1.47
0.924 -0.0150.083 098
1.188 0.063 +0.153 1.52

() P,>0

P,(GeV) 0,20, x*[(DOF =18)
0.132 -0.131 £ 0.084 1.25
0.396 0.028 + 0.060 1.58
0.66 -0.043 + 0.070 0.73
0.924 -0.136 £ 0.105 0.81
1.188 -0.119+£0.183 0.92

TABLE 28.

A° polarization, for the 6 track final state sample,
combining both hemispheres data.

P,>0
P,(GeV) P,tAp, 1’ /[(DOF =18)
0.132 0.002 + 0.089 1.38
0.396 0.022+0.073 1.21
0.66 0.074 + 0.090 1.02
0.924 0.260 + 0.129 1.59
1.188 0.200 + 0.230 1.56
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TABLE 29.
K! polarization for the 8 track final state sample.

(@) P, <0

———%——___—_——w
P.(GeV) o,xA0, x?/(DOF =18)
0.132 -0.033 + 0.062 3.67
0.396 -0.047 + 0.049 7.11
0.66 0.008 £ 0.060 2.81
0.924 0.035 + 0.088 1.53
1.188 -0.002 + 0.150 1.37
(b) P,>0
P.(GeV) p,tAp, 2*/(DOF =18)
0.132 +0.052 + 0.047 1.74
0.396 -0.029 + 0.037 1.88
0.66 0.036 + 0.048 1.28
0.924 -0.027 +0.079 1.45
1.188 -0.068 +0.159 0.49

TABLE 30.
A° polarization, for the Monte Carlo 8 track final state sample.
(@) P,<0
P.(GeV) P,tAp, 2*/(DOF =18)
0.132 -0.044 £ 0.085 1.00
0.396 0.049 £ 0.055 0.85
0.660 -0.200 + 0.056 1.93
0.924 -0.090 + 0.064 1.09
1.188 -0.348 £ 0.092 1.06

(b) P, >0

P,(GeV) P,tAp, %’ /(DOF =18)
0.132 0.002 +£0.042 1.03
0.396 0.031 £0.028 1.69
0.660 -0.186 = 0.028 143
0924 -0.204 + 0.035 0.84
1.188 -0.313 £ 0.051 1.59
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TABLE 31.
Number of Monte Carlo A° sample events generated and accepted,
in the big statistics sample.

Final state
multiplicity Number of events Number of events
particles generated after PASS3
6 500 000 35 055
8 1000 000 133 858
10 600 000 89 353
12 200 000 39203
TABLE 32.

Average acceptance in the big statistics sample.

Final state Average
multiplicity acceptance
particles (%)
6 5.33
8 11.17
10 13.04
12 16.75
TABLE 33.

Average time required to generate

the Monte Carlo samples.

Final state

multiplicity Number of events Average time
particles generated (days)
6 500 000 22
8 1000 000 45
10 600 000 42
12 200 000 94
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TABLE 34.
Number of Monte Carlo K| generated and accepted.

Number of final o
state multiplicity Number of events Number of events
particles generated after PASS3
8 150000 79800
TABLE 35.

Monte Carlo A° polarization distribution.

0.000, -- 0.264 -0.015
0.264, -- 0.528 0.025
0.528, -- 0.792 -0.123
0.792, -- 1.056 -0.176
1.056, - 1.32 -0.370
1.32, -- oo -0.400
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TABLE 36.
Number of Monte Carlo A° sample events generated and accepted,
in the SS sample.

Final state

multiplicity Model Number of events Number of events
particles generated after PASS4
6 1 100 000 2635
2 28 000 474
8 1 50 000 4515
2 29 000 3084
10 1 31 000 4 479
2 50 000 6611
12 1 Not generated -
2 Not generated -
TABLE 37.

Average acceptance in the S5 sample.

Final state Average
multiplicity acceptance (%)
particles
6 24
8 9.6
10 13.04
12 *

* Not calculated
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TABLE 38.
Straight line fits of the BS sample and of the SS sample,
for the 6 track final state sample.

slope + A(slope)
P.(GeV) * BS 2*/(DOF =18)
*%k SS

* 0.002+0.002 10.16

0.132 ** 0.000 £ 0.006 0.85

* 0.000 % 0.001 6.06

0.396 **0.003 £ 0.005 1.72

* 0.004 £+ 0.002 2.00

0.660 **.0.003 £ 0.007 1.61

*  0.003 + 0.004 1.43

0.924 **0.004 +£0.010 1.26

* -0.002 £+ 0.008 1.56

1.188 ** 0.028 £0.096 1.08

b) P,>0
slope t A(slope),
P.(GeV) * BS x*/(DOF =18)
*% Ss

* 0.002 £ 0.002 1.16

0.132 **_0.002 % 0.006 1.31

* 0.000 £ 0.001 1.35

0.396 **.0.001 £ 0.004 0.41

* 0.001 % 0.002 1.05

0.660 **0.006 % 0.006 1.43

~ * 0.003 +0.004 1.10
0.924 **0.008 £ 0.009 1.03

* 0.010 £ 0.008 0.66

1.188 **0.019+0.016 0.82
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TABLE 39.
Straight line fits of the BS sample and of the SS sample,
for the 8 track final state sample.

P.(GeV) * BS 2*/(DOF =18)
*% Ss
* 0.000 £ 0.001 1.98
0.132 **_0.004 £ 0.005 0.68
* 0.000 % 0.001 3.14
0.396 **0.002 £ 0.004 1.37
* -0.001 £ 0.002 3.18
0.660 **0.003 £ 0.006 1.18
* 0.000 % 0.003 1.94
0.924 ** 0,016 £ 0.010 0.62
* _0.006 £ 0.006 1.13
1.188 **0.005 £ 0.019 1.04
(b) P,>0
slope, + A(slope),
P,(GeV) * BS x*/(DOF =18)
E 2 SS
* 0.000 £ 0.001 1.80
0.132 **.0.002 £ 0.004 2.10
* -0.001 £ 0.001 1.46
0.396 **.0.003 + 0.004 1.30
* 0.000 £ 0.002 1.64
0.660 **.0.007 £ 0.006 1.38
* .0.003 + 0.003 0.65
0.924 ** 0.000 £ 0.010 1.13
* 0.010 £0.006 1.01
1.188 **_0.003 £0.018 0.94
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TABLE 40.
Straight line fits of the BS sample and of the SS sample,
for the 10 track final state sample.
(a) P, <0

slope, + A(slope),
P.(GeV) * BS X’ /(DOF =18)
¥ SS
*-0.001 £ 0.001 1.43
0.132 **0.000 * 0.006 0.85
* 0,002+ 0.001 1.77
0.396 **0.003 £0.005 1.72
* 0.002 +0.002 0.77
0.660 **_0.003 £ 0.007 1.61
* -0.003 £ 0.003 0.80
0.924 ** 0,004 £ 0.010 1.26
* -0.005 £ 0.006 0.93
1.188 ** 0 0.028 £ 0.096 1.08
(b) P,>0
slope, £ A(slope),
P.(GeV) * BS x*/(DOF =18)
%% SS
*  0.000 £ 0.002 1.91
0.132 **_0.002 £ 0.006 1.31
*  0.002 + 0.002 2.43
0.396 **.0.001 +0.004 0.41
* 0.002 £ 0.003 3.60
0.660 **0.006 £ 0.006 1.43
* 0.005 £ 0.005 1.31
0.924 **0.008 £ 0.009 1.03
*  0.010 £ 0.009 0.70
1.188 *0.019 £0.016 0.82
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TABLE 41.
Straight line fits of the BS sample, for the 12 track final state sample.

@ P,<0
slope, + A(slope),
P,(GeV) * BS x*/(DOF =18)
0.132 *0.001 £0.005 1.25
0.396 *0.002 £0.004 2.70
0.660 *0.010 £0.005 297
0.924 *0.002 £0.008 1.92
1.188 *0.007 £0.020 1.39
(b) P,>0
slope, £ A(slope),
P,(GeV) * BS x’/(DOF =18)
0.132 *0.002 £0.004 1.43
0.396 *0.000 £ 0.003 1.16
0.660 * -0.007 £ 0.004 1.02
0.924 *0.004 £ 0.007 1.83
1.188 *0.020 £ 0.010 0.80
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TABLE 42,
A’ polarization for the 8 track final state sample.

P.(GeV) * Not corrected 2’ /(DOF =18)
** Corrected
* (0.028 £ 0.035 1.34
0.132 = (0.014 £ 0.044 1.09
*  0.025%0.027 2.02
0.396 = 0.010£0.032 1.14
*  0.128 £0.032 242
0.660 =  (0.141 £ 0.038 1.19
*  0.097 £0.046 1.93
0.924 = (0.114 £ 0.053 0.70
* 0.18310.072 1.18
1.188 = (0.231x0.085 0.74
(b) P,>0
_ P,xAp,
P.(GeV) *  Not corrected x’/(DOF =18)
** Corrected
* -0.020 £ 0.046 0.70
0.132 = -0.027 £ 0.051 0.98
* 0.003 +£0.032 1.69
0.396 = 0.020 % 0.036 0.83
* -0.114 £0.037 1.47
0.660 = -0.124 £ 0.041 0.76
* -0.196 £ 0.052 1.89
0.924 #*  -(0.168 £ 0.058 1.28
* -0.234 £ 0.084 1.09

1.188 **+ -0.334 £ 0.095 1.52
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TABLE 43.
Monte Carlo A° polarization for the 8 track final state sample.

(a) P,<0
B £, tAp s
P (GeV) *  Not corrected x’/(DOF =18)
** Corrected
* -0.044 + 0.085 1.00
0.132 _0.064 + 0.090 1.29
*  (0.049 + 0.055 0.85
0.396 *  (0.031 £ 0.057 0.85
* -0.200 * 0.056 1.93
0.660 »»  _0.187 £ 0.058 1.57
* -0.090 £ 0.064 1.09
0.924 *  -0,086 + 0.068 1.37
* -0.348 + 0.092 0.83
1.188 *»  _0,289 +0.101 1.83
(b) P,>0
_ (0, st Asf),
P.(GeV) *  Not corrected x*/(DOF =18)
** Corrected
* -0.002 +£0.042 1.03
0.132 »  0.007 +0.048 1.29
*  0.030+0.028 1.69
0.396  0.046 +£0.032 0.84
* -0.186 £ 0.028 1.43
0.660 »  -0.195 + 0.034 1.13
* -0.204 + 0.035 0.84
0.924 = _(0,176 £ 0.044 0.72
* -0.313+£0.051 1.59

1.188 **+ -0.407 £ 0.068 1.17
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FIGURE1l  Three different creation processes. a) SSD, b) DDD, and ¢) DPE.
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FIGURE2. Relation between the laboratory coordinate system (XYZ) and
the creation plane. n,, n, and n, represent the coordinate
system where A’ polarization was measured.
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FIGUREY9. Two views of a reconstructed event from the 8 track final state
sample. The same event that is in Figure 8. The primary
vertex and the secondary vertex are shown.
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FIGURE 31. A’ polarization, for the 10 track final state sample. We compare
with that from the 8 track final state sample.
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FIGURE 36. A° polarization, for the Monte Carlo 8 track final state sample.
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Acceptance cos0, distributions, for the 8 track final state
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FIGURE 42. A’ polarization, for the 8 track final state sample, not corrected
by acceptance, compared with corrected one.
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FIGURE43. A’ polarization, for the Monte Carlo 8 track final state sample,
not corrected by acceptance, compared with corrected one.
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