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ABSTRACT 

Since most studies of A0 polarization have involved A0 's produce 

inclusively1 little is known about the contributions to the polarization fro 

specific final states. In order to study this aspect of the polarizatio 

phenomenon1 we measured A0 polarization in the exclusive final state 

pp --7 pNK+(;c+;c- r 1 N= 1, 2, 3, 41 at 27.5 GeV. We measured the polarizatio 

as a function of the transverse momentum of the A0 (Pr) and as a function o 

the longitudinal momentum of the A0 in the center of mass of event (Pz)· 

We have observed a striking dependence of the sign of the polarization o 

Pz. A0 's with Pz >O had polarization1 as a function of the transvers 

momentuml that agrees with inclusive polarization measurements. 

However1 for Pz <O 1 in the final states with N = 1 and N = 21 there is 

surprising change in the sign of the polarization. The A0 's in this kinemati 

region have a polarization which is mirror symmetric to that of A0 's wit 

Pz >O . We discuss this observation in detail. Another surprise was reveale 

when the analysis in the Pz <O region was extended to the final states wit 

N = 3 and N = 4. In that region1 the A0 's do not seem to be polarized. Thes 

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 A0 at high multiplicities. 

For final states with N = 21 we examined also A0 polarization as 

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

mass of the AK 1 AK(TC+TC-) 1 and AK2(;c+;c- ) systems. We studied the effec 

on the observed polarization1 due to A0 's not produced directly in the proto 

V 



proton collision, i.e., those A0 's which were the decay products of another 

particle (the l:0
) ora resonance ( :r.*- , and the ¿*+). 
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CHAPTER 1 

INTRODUCTION 

1.1 Foreword 

Because the spin of the A0 hyperon is not zero, A0 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 A0 decays weakly 

into p and n- , we can use the weak decay process, which does not conserv 

parity, to determine A0 polarization, where the polarization of a particle is th 

expectation value of its spin along a particular axis. 

The existence of A0 polarization in high energy collisions was firs 

observed by A. Lesnik et al. [1] in the channel p + p ~N+ X at 6 GeV a 

Argonne National Laboratory in 1975. The same year, G. Bunce et al. [2 

observed significant polarization in the channel p +Be ~ N +X at 300 GeV a 

Fermilab, where both the beam proton and the target proton wer 

unpolarized. These results contradicted the intuitive picture that spin play 

an unimportant role in high energy hadron production processes. It had bee 

thought that since high energy collisions involve many final state particles 

no coherent interference of amplitudes would be possible. Therefore, n 

polarization would be present. The existence of polarization in channels suc 

as p + nucleus ~N+ X may reflect a certain simplicity in the partid 

1 



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, A0 

polarization measurements constitute a delicate probe of reaction dynamics. 

Since A0 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 nota 

simple explanation of the origin of A0 polarization, despite the enormous 

theoretical activity. 

Most of the experimental studies of A0 polarization have investigated 

A0 's produced inclusively. These studies use any A0 produced in a high 

energy proton-target collision independently of the rest of the particles 

created. There have been few attempts to study A0 's in exclusive reactions 

[20], i.e., reactions where all the final state particles are measured. Therefore, 

our knowledge of the contributions to inclusive A0 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 A0 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 

2 



studying A0 polarization. We explain how A0 polarization is measured, 

outline the main features of the experiments that have studied A0 

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

been proposed to explain A0 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 A0 polarization. In chapters 5 and 6 

we present the results and conclusions. 

1.2 Sorne Definitions 

In high energy physics, we distinguish between inclusive reactions an 

exclusive reactions. An inclusive reaction has the form a+ b ~ e+ X. W 

study e and ignore the rest of the reaction, X . An exclusive reaction can b 

written as: a+b ~ e+d1 +d2 + ... +d •. We study e in the particular channel tha 

includes the specific set of particles d1 , d2 , •• • ,d •. 

In order to characterize the reactions of interest, we consider thre 

different particle production models: i) Single diffraction dissociation (SDD) 

ii) Double diffraction dissociation (DDD), and iii) Double pomeron exchang 

(DPE) . In Figure 1, we represent the idea of these processes. Equations 1, 2 

and 3 represent these processes respectively. 
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h,+h,.-tX+h (1) 

h,+h,.-tX+Y (2) 

h, +h,. -tX+h, +h,. (3) 

where h, represents the incoming beam particle, h,. represents the target 

particle, h represents either h, or h,. in the final state, and X and Y represent 

the collection of diffractively produced particles in the final state. Por 

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 la). Equation 2 represents 

the case when both protons break up and two diffractive branches appear 

(X and Y) (Figure lb). Equation 3 represents the case when both protons 

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

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 (XF), the transverse momentum (Pr), and the mass of the 

diffractively produced system ( Mx>· XF is defined as the ratio of the 

longitudinal momentum of the particle, Pz, to the maximum longitudinal 

momentum of the particle, PzrntV:. i.e., 

In what follows, the variable Pz will refer to the longitudinal 

momentum of the A0 in the center-of-mass of the event and Pr to the 

transverse momentum of the A0
, unless stated otherwise. Additionally we 

choose that e= 1 and ñ =l. 
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1.3 A0 and K0 

• 

N hyperons and K,0 mesons, both, have two body decays, have similar 

lifetimes, and are often produced with similar momenta. Even though th 

decay kinematics are not quite the same, similar experimental biases -- if an 

-- should affect the measurement of each decay. Since K,0 has zero spin, it is 

convenient test particle to determine if the technique to measure th 

polarization of A0 is correct. A parallel analysis of K: polarization using th 

techniques to study A0 must reveal that the K.0 polarization is zero 

Otherwise the procedure to analyze A0 polarization is flawed. 

1.4 Polarization of A0 

1.4.1 Introduction 

It is well known that strong interactions conserve parity. 

conservation implies that a A0 must be created with its spin normal to th 

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

momentum of the beam particle (Pbeamparticle) and the momentum of A 

(?A), in the laboratory system. See Figure 2. This figure shows the relatio 

between the laboratory coordinate system and the creation plane, it als 

shows the coordinate system that we used to determine the A0 polarization 

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

Therefore, we take this direction to define A0 polarization. If we take Nt an 

N J. as the number of A0 's with spin pointing along the normal to the creatio 
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plane and the number of A0 's with spin pointing along the opposite direction 

respectively1 the polarization of A0 is defined by 

In other words1 

1.4.2 Review of Experimental Results 

Many A0 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 A0 's are collected and analyzed 

through its decay pn- 1 using conventional spectrometers. Sin ce the A0 's are 

detected at sorne distance from the target1 this technique tends to select 

energetic A0 's rather than low momentum A0 's. If we observe in the CM of 

event, it means that A0 's are selected preferentially in the Pz >O hemisphere. 

Experiments [21 .. 114, 22] have shown that A0 polarization in inclusive 

reactions has the following properties. 

1. A0 polarization seems to be a linear function of transverse momentum. It 

decreases from O at PT =O to below -0.20 at Pr = 1.6 GeV [8]. 

2. For Pr below -1.3 GeV 
1 

A0 polarization is approximately linear with Pr 

with a slope increasing with XF [22]. 
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3. For Pr above -1.3 GeV A0 polarization is independent of Pr up to 

Pr- 3.5 GeV and approximately linear with XF [22]. 

4. A0 polarization does not depend strongly on the beam particle's energy. 

The Pr dependence of A0 polarization is the same in the beam particle 

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

5. The A0 polarization does not depend significantly on the nature of the 

target; Be, Pt, Ir, W, p, H2 , D2 , and C have been used as targets [2, ... , 12]. 

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

figure shows roughly that A0 polarization is independent of target nature and 

the beam energy. 

1.4.3 Review of Theoretical Models 

A0 polarization has been treated theoretically by severa! author 

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

p + Target ~N + anything are: 

1. The wave function of A0 is IN) = lud)ls), where lud) comes from th 

proton valence quarks. The lud) diquark is in the S=O state. The spin o 

A0 is determined by the spin 'of the s-quark. It gives polarization to A0
• 

2. 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 ss pai 

(g ~ ss). 
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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 A0 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 ss pair. If 

the gluon is polarized in a bremsstrahlung mechanism, so is the ss. This 

polarization is the same as A0 polarization, and it is correlated with the 

transverse momentum direction of the A0
• 

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 ( ss) are produced by a tunneling process in the color field. During the 

process, parallel spins of s and of s are balanced by angular momentum 

according to local angular momentum conservation. The correlation 

between the transverse momentum of the ss-quarks (which is measured 

with respect to the momentum of the ss pair) and the spin of the ss-quarks 

will make the ss -quarks polarized. 
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In the T. DeGrand et al. [16] model for inclusive reactions, the origin of 

the A0 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 A0 polarization mechanism is not 

suggested. Instead a single time dynamical equation for the amplitude of A0 

polarization is proposed. They assume that the production of A0 particles is 

the result of the decay of an excited proton state, luud(ss)), containing a (ss) 

pair in the P state. Since the !uud) quark state is not polarized, they suppose 

that the (ss) pair is polarized. They do not propose a mechanism to polarize 

the (ss) . 

In the Muller-Regge model, other ideas for A0 polarization arise. In 

Muller-Regge model with simple poles, A0 polarization is identically zero 

K.J.M. Moriarty et al. [17] proposed a model where the polarization result 

from Regge-cut contributions. 
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1.5 Dissertation Research Goals 

The main goals for this dissertation research are the following: 

1. To study and measure A0 polarization in the following exclusive 

reactions, where the A0 ~ pn- decay is detected: 

i) pp ~ pN K +n+n- , 6 track events 

ii) pp ~ pN K+ n+ n- n+ n- , 8 track events 

iii) pp ~ pN K + n+ n- n+ n- n+ n- , 10 track events 

iv) pp ~ pA° K + n+ n- n+ n- n+ n- n+ n- , 12 track events 

The above reactions are produced in 27.5 GeV proton-proton collisions. 

2. To determine, in each case, the A0 polarization as a function of PT and as a 

function of P z. 

3. To compare the polarization of A0 's from the above reactions. 
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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 thes 

studies. The experiment was designed to measure, on an event by even 

basis, completely accurately, and with high statistics, high multiplicity fina 

states. 

Since no restrictive triggers were imposed and since very larg 

amounts of data were collected, it has proved to be possible to study a variet 

of physics topics including: strange particle production [23], search fo 

charmed particles [24], production of strange baryons [25], study of diffractiv 

dissociation [26], and others. 

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

BNL E766's spectrometer, the drift chambers, the scintillation counters, th 

Cherenkov counter, the trigger system, and the first three steps in the dat 

analysis. Por 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 28.5 GeV. 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 28.5 GeV 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 Me V corresponding to a gaussian with cr = 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. 

2.3 The H 
2 

Target 

E766's target was liquid H
2 

contained in a 3 inch diameter, 12 inch long 

cylinder. The H2 container was made of 0.006693 inch (170 J..l.) 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 H2 target is: 

P(x) = 1- e(- rxfl), 

where y= 0.0708 g 1 cm3 is the liquid H2 density at 4.3 K 0 and 1.1 atmosphere, 

and l = 50.8 g 1 cm2 is the nuclear interaction length in H2 . 

2.4 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 

ita 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 coordina te 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 is 

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

13 



2.5 The Drift Charnbers 

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: 

l. 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 o in the Y-direction; the aperture of chamber 6 

corresponds to an angle of ±18.14 o 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 the 

electronically instrumented. The description of the drift chamber syste 

electronics is in Reference 24. 

2.6 The Scintillation Counters 

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

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 

photomultiplier, upstream of the target, (the beam proton hits the targe 

counter before entering the target). This scintillator counter, like the othe 

scintillators, is covered with aluminum foil and plastic electrical tape. Th 
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dimensions of the scintillator are 2 x 2 x 31 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 

118 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 C2Cl2F4 (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 =e 1 n will radia te 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 partí de' s mass sin ce the Cherenkov effect depends on the speed of th 

particle. The threshold momentum in Freon 114 for pions is 2.6GeV. 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 partid 

identification. 
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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 sorne 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. 

2.9 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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2.9.1 PASSl - Track Reconstruction 

The main task of P ASSl 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 Gree 

Giant drift chamber information. Each drift chamber had four views. 

hardware processor was programmed to obtain particle tracks in all 

views. This information was used to reject the occasional tracks which wer 

incorrect or false tracks. The ability to forro 3 dimensional trajectories fro 

pairs of views was very successful in rejecting incorrect tracks. The final 3-

trajectory used the information from all 4 views. 

PASSl also determined Pzi (the particle momentum component alon 

the beam' s momentum) for each particle. Events with 

where n is the number of final state particles, were recorded for the nex 

analysis step, PASS2. This cut rid the data of many non-exclusive candidat 

events. 
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2.9.2 PASS2- Vertex Reconstruction 

The general task of P ASS2 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 

±Pz. ;;=: 26.5 GeV indicating that were few missing particles because the initial 
j =l J 

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 

and Px ·' and Pr . are the components of the momentum of particle j 
J J 

perpendicular to the Z -axis. For P ASS2 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)
2 and the sum of the 

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

2.9.3 P ASS3 - Partid e Identification 

In the P ASS3 step of the analysis, a new coordinate system is defined. 

The incoming pro ton 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, eac 

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 al 

tracks were assigned to a vertex, except the beam proton track; that the tota 

electric charge equaled 2; that the total longitudinal momentum was greate 

than 26.5 GeV; and that the total squared transverse momentum was les 

than 0.01 (GeV)2
, see next equation. 

P; = (~pxi )2 

+ (~pri J ~ 0.01 (GeV)
2 

The Pi cut was then tightened to P; ~ 0.002 (GeV)2 to improve th 

selection of exclusive final state events. 
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Figure 6 shows Pi distribution for the 8 track final state sample; the Pi­
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 id en tification). 

PASS3 programs were run on a Digital Equipment Corporation V AX 

Station 3200. 

P ASS3 details can be found in Reference 27. 

2.9.3.1 fl(E- Pl)-lndirect 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+, n - , 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 A0
, only assignments consistent with p and 

the decay products were taken. In principie, one assignment (the solution) i 

correct. In practice it is often difficult to select only one set of assignments. T 

find the most likely correct assignment, we used the ó(E- Pi) techniqu 

(basically, energy-momentum conservation). Let E be the total energy of th 

event and Pl the total longitudinal momentum of the event along the bea 

proton direction. Then: 

ó(E- PI)=(E- Pl)1 - (E- PI)¡ 

where f means final state and i means initial state. 

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

quantity, 

ó(E- PI)= (i(E.-PI .)) -(±(E.-PI .)), 
. 1 J J . 1 J J 

J= 1 J= í 

must be zero when we get the correct combination; where n is the number o 

final state particles. 

PASS3 kept all the solutions with ó(E- Pl)-values within -ü.028 GeV 

to 0.032 GeV. 

At times, there was more than one solution which satisfied ó(E- PI) 

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' 

mass. To determine a particle's mass, we used its momentum and velocit 
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measurements. For relativistic particles (those with velocities greater than 

0.99c), the particle's velocity was determined using the Cherenkov counter. 

For slow particles (those with velocity below 0.99c) 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 ll(E- PI) 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. 
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CHAPTER3 

N POLARIZATION 

In this chapter we show how we selected the data sample for A0 

polarization studies. This step in the data analysis was caBed PASS4. Also 

we show how we defined the coordinate system that we used to determine A0 

polarization. 

3.1 N Sample Selection 

The E766 collaboration collected - 3.1 x 108 raw data events. -2. 

million events passed a11 the cuts imposed in P ASS1, P ASS2, and P ASS3 

These events were identified as exclusive events. Roughly 10% of this dat 

was identified as containing A0 events. The last cuts of P ASS2 and PASS 

described in sections 2.9.2 and 2.9.3 reduced this sample by roughly a factor o 

two. 

For polarization studies, we used this sample (roughly 5% of the 2. 

million event data). Table 1 lists the features of this sample. In this table, th 

average number of solutions shown corresponds to the ó(E- Pl) interval o 

( -ü.028, 0.032) GeV. 
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The A0 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 A0 

decay. This requirement includes those secondary vertices which were 

consistent with both A0 and K,0 • 

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 ~ pNK+( n+ n- t with A0 ~ pn- 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 wi th 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 th 

Cherenkov or the TOF information, the number of solutions per even 

remained roughly the same. In order to reduce the number of solutions pe 

event and to improve the probability of getting the right solution, w 

tightened l:l(E- PI) cut. Since we are interested in exclusive A0 polarizatio 

measurements, improving the probability of getting the right solution is ver 

importan t. 

We selected the values of the l:l(E- PI) cut in the following way. 

l:l(E- PI) cuts from PASS3 are -0.028 and 0.032 GeV. Considering only th 

solutions that passed all cuts -- except Cherenkov and TOF cuts -- th 

l:l(E- PI) 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 

cut in l:l(E- PI) values of two standard deviations. The limits are -0.008 an 

0.013 GeV (see Figure 7). A l:l(E- PI) cut of two standard deviations aroun 

the value where l:l(E- PI) distribution peaks assures that we have >90 

probability of picking the right solution. See Reference 29 for a detaile 

description of this procedure. 

The tight l:l(E- PI) cut and direct-particle identification reduce th 

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

sample those remaining solutions which are not really pNK+(rc+rc-t. 

The background comes from many sources. 

1. There can be severa! assignments of identities of the tracks that satisfy al 

the cuts (more than one solution). For example, the K+ may b 
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interchanged with the p or the p with a n+; 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 ~(E- PI) cuts. 

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

solution consistent with pNK+(n+n-t. 

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 D.( E- PI) 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 A0 polarization measurements, because if 

we have one event with two solutions the identity of A0 decay products does 

not change.) Table 3 lists the characteristics of the sample that we used to 

study A0 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 A0
• 

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 upstrea 

end of the target. The secondary vertex is between the second and thir 

chamber. Two views of the same event are presented in Figure 9; the primar 

vertex and the secondary vertex are more evident. 

We ran P ASS4 programs on a Digital Equipment Corporation V A 

Station 3200. 

3.2 N Polarization 

We explain the definitions and the conventions that we use t 

determine A0 polarization. 

The polarization of A0 is defined as: 

where (¡A represents the spin of the A0 and n defines the direction of th 

quantization axis. Instead of using the spin polarization definition t 

measure A0 polarization, we used the angular distribution of its decay -­

and n- . 

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

coordinate system we define the normal to the creation planeas: 

This definition is consistent with the current literature convention (se 

Reference 9.) We define the coordinate system where the A0 polarization i 
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measured in the following way. We define the Y -direction along the n 
direction, n, = (0,1,0) = n, the Z-direction as the PA direction, 

n, = (O, O, 1) = p A 1 JP A¡, and the X -direction so tha t we ha ve a left handed 

coordinate system, n}C = (1, O, O)= -n, X n,. In this way, each event has its own 

coordinate system. 

In the coordinate system where the A0 is at rest, the angular 

distribution of the proton is given by: 

(3.1) 

where dN is the probability of obtaining dN protons inside the angular 
dQ 

region dQ, a= 0.64±0.013 [28] is the asymmetry parameter of A0 decay, j.JA is 

the polarization, and Pp is the unit momentum vector of the proton. The 

polarization can be considered to have three components, one along each 

axis. f.J Ax is the left-right asymmetry of the A0 decay proton, f.J Ay is the up­

down asymmetry, and f.J"' is the backward-forward asymmetry. According to 

parity conservation in strong interactions, f.J Ax =O and f.J"' =O. 
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CHAPTER 4 

PROCEDURES TO DETERMINE POLARIZA TION 

4.1 Corrections to the Data 

In every experiment, it is necessary to determine if either the apparatu 

or the analysis procedures affect the physics being measured. For example, 

small geometrical acceptance or a series of restrictive cuts might distort a 

otherwise smooth distribution. Many previous measurements of A0 

polarization have studied and corrected for such effects using technique 

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 A0 '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 A0 momentum, there are no a priori arguments 

suggesting that the acceptance changes rapidly over variables such as cosOY, 

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 cos OY 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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4.2 Coordinate Systems 

The relation between the coordinate system used to measure A0 

polarization and the laboratory coordinate system is as follows. If we start in 

the A0 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 A0 

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

matrix ,3. 

VNxz] 
VNrz 

VNzz 

where: 

VNxx =- VNyy · VNzz + VNrz · VNzr 

and 
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VN - P,.r 
zr -¡i>,.l 

VN _PAZ 
72 -lol 

¡P,.¡ 

where P,. and P ,._ are the A0 momentum and the beam momentum in th 

laboratory coordinate system respectively. 

For example, if Pp is the decay proton momentum vector in the A0 res 

frame, the corresponding momentum vector in the A0 rest frame where w 
_, -

measured the polarization is given by Pp =~PP. 

4.3 Polarization Detennination 

The procedure to determine A0 polarization p = (p..,,p,,p,), was th 

following. Consider the decay proton momentum in the A0 's rest frame 

This momentum vector can be written as P(cosO..,,cosO,, cosO,). W 

histogram the values cosO;, i = x,y,z, in 20 bins from -1 to +l. Since thes 

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

line using the least-squares technique. An example of cos OY distribution i 

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

N 0.ap. 
m- ' ' 
i- 4n 

and the constant parameter is b; = Z;, where b¡ is the value of the intercept. 
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From these equations we obtain: 

m . . 
f.J .=-', z=x,y,z. 

' b.a 
' 

The statistical errors for the polarization are given by: 

See Appendix 11 for a detailed discussion of error propagation. 
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CHAPTER 5 

RESUL TS AND DISCUSSIONS 

In chapters 3 and 4 we described the procedures to determine A0 

polarization. In this chapter we present our determination of the A0 

polarization and the consistency checks that we performed. We present ou 

conclusions in the last section of Chapter 6. 

5.1 Distributions in Pz and in Pr 

In Figure 10, we show the number of A0 's observed versus Pz for eac 

of the final states. The difference in the shape of the distributions is due t 

the different production processes involved. 

We can understand the Pz shapes using the SDD model and the DO 

model. The 6 and 8 track Pz distributions are consistent with the SDD mode 

(Figure lOa, and lOb, respectively). The backward peaks are consistent wit 

A0 's produced from target fragmentation and the forward peaks correspond t 

A0 's produced from beam fragmentation. The 10 and 12 track Pz distribution 

are consistent with the 000 model (Figure lOe, and lOd, respectively). Th 

peaks around Pz =O correspond to A0 's that are from both the targe 

fragmentation and beam fragmentation. In this case it is difficult to separat 

A0 's produced in target dissociation from those created by beam dissociation 

Figure 11 shows Pr distributions in each final state multiplicity. 
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5.2 N Polarization in the 8 Track Final State 

The accuracy of A0 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 A0 polarization investigation with that final state. 

5.2.1 Pr and Pz Dependence 

Using the entire sample, we divided the data sample into 5 Pr bins. 

Table 4 shows these bins. In each bin of Pr, we determined the A0 

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 Pr. This result is extremely surprising! The result is rather 

different from any other study of A0 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 A0 '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 A0 's produced with positiv 

longitudinal momentum in the center of mass of the interaction (Pz >O) ar 

detected. The design of the beam line and the large separation between th 

detector and the A0 production point select such A0 's preferentially over th 

lower laboratory momentum A0 's with Pz <O. However, as shown in Figur 

10, this experiment observes roughly equal numbers of events with Pz >O 

and with Pz <O in the 8 track final state. To determine if this was related t 

our surprising result, we separated the data into two Pz bins -- the "backwar 

hemisphere" (Pz <0) and the "forward hemisphere" (Pz >0). We divided th 

data in each hemisphere into 5 equal Pr bins. See Table 4. In eac 

hemisphere and in each Pr bin, the A0 polarization was determined. 

results of those A0 polarization determinations are in Table 6 and in Figur 

13. 

The differences between the two hemispheres are dramatic and quit 

unexpected. In the forward hemisphere (Pz >O), the polarization decrease 

roughly linearly with Pr -- from zero at Pr=O to --0.23 at Pr=1.118 GeV. I 

sign, magnitude, and Pr dependence, the polarization in this final state agree 

with A0 polarization measured in inclusive final states. In Figure 14, w 

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

similar. 

However, in the backward hemisphere (Pz <O), the polarizatio 

increases as Pr increases -- from zero at Pr=O to -+0.18 at Pr=1.118 GeV 

Within statistics, the polarization in the two hemispheres is the same i 

magnitude but of opposite sign. Since our 8 track final state sample ha 

roughly equal numbers of events from each hemisphere and the backwar 
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hemisphere Pz ( Pr) distribution is the same as, bin to bin, the forward 

hemisphere Pz (Pr) distribution, our combined total sample had no net 

polariza tion. 

Statistically, A0 polarization in the forward hemisphere is mirror 

symmetric to A0 polarization in the backward hemisphere. 

The model of B. Andersson may be relevant to this observation. 

According to that model, in beam fragmentation the A0 is formed if an s s­

pair is generated in the field of the (ud)-diquark (from the proton) in the S =0 

state. The A0 continues in the same direction (with the same sign of Pz) as 

the beam proton. With this production mechanism, the spin of the A0 is 

determined by the spin of the s-quark. s and s spins are anti-parallel to the 

normal of the creation plane and are balanced by the orbital angular 

momentum. Thus, the A0 has negative polarization. During target 

fragmentation, the same arguments lead to positive polarization but the A0 

has negative Pz. In either case, the magnitude of A0 polarization is expected 

to increase with increasing transverse momentum of the A0
• 

We thought that experiments with colliding beams might have 

measured A0 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 lnvestigation of the Pz Dependence 

Using the 8 track sample, we have studied A0 polarization (for bot 

Pz >O and Pz <O) as a function of Pr. From those results, we have learne 

that the A0 polarization depends strongly on Pz. However, importan 

questions remain. How does the A0 polarization depend on Pz or XF? An 

where (in Pz) does the A0 polarization pass from negative to positive values. 

We address these questions in this section. To study A0 polarization as 

function of Pz, we divided the Pz variable into 6 Pz bins, see Table 7. 

bin covers the total Pr range, (0, 1.2)GeV; in this way, in each Pz 

measurements are integrated over the Pr variable. In each Pz 

determined the A0 polarization. The results are in Table 8 and shown i 

Figure 15, we plot the polarization as a function of XF ( P zmax = 3.2 GeV). Fro 

Figure 15, we can see that A0 polarization depends on Pz (or XF). 

polarization value is ~0.14 at Pz = -2.6 GeV and decreases roughly linearly t 

~-0.23 at Pz = +2.6 GeV. Pz =O is the point where A0 polarization appears t 

change sign. This fact has been observed in a colliding beam proto 

experiment [20]. They have observed that A0 polarization depends on Pz o 

X F (for X F in Reference 20 is defined in the CM of the A° K+ system, our dat 

are not directly comparable with theirs), and the point where A0 polarization 

as a function of XF, changes sign is approximately XF = -0.5. In their words 

"PA depends on cose. It is positive for cose<-0.5, becomes negative fo 

cose>-0.5, reaches a maximum of (-62 ± 10)% near cose~0.25, an 

decreases again in magnitude for forward going A0 's." (Here cose is equal t 
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X F in the CM of their A° K+ system and P A is the polarization wi th respect to 

the normal of the creation plane.) 

5.2.2.2 Relative Directions of A
0 and K+ and of A

0 and p 

Because we had observed such strong dependence on Pr and Pz, we 

investigated if there were other kinematic variables which were correlated 

with the polarization. Theoretical models [18] suggest that the relative 

motion between A0 and other particles of the reaction affects A0 polarization. 

For example, the model of Andersson et al. proposes that there must be a 

relation between the relative motion of the A0 and the K+ and A0 

polarization. This model proposes that the quarks s and s are created in 

opposite directions when A0 is polarized. Crudely, we take their directions as 

the directions of the A0 and the K+ respectively. 

We investigated if A0 polarization is affected by the relative motion 

between the A0 and the K+. Additionally, we searched for any dependence 

with the relative motion between the A0 and the p. 

In the kinematic region where the A0 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 Pz <O and Pz >O bins. In each of these regions, 

we chose 5 Pr bins and measured the A0 polarization. The results are in Table 

9. For the case where the A0 and the K+ have the opposite sign of Pzcm, we 

repeated the above procedure. The results are in Table 10. The number of A0 

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 A0 and K+ have the same sign of Pzcm in the CM of event are very 

close to the statistics of the region where A0 and K+ have opposite sign of 

Pzcm. Thus, we can compare the polarization (as a function of Pz and as a 

function of Pr) between those regions. We also compare with the 

polarization determined in the region where no conditions between A0 and 

K+ were imposed. In Figure 16 we compare these results; these 

measurements agree. The polarization for (Pz >O) when the A0 and K+ have 

the same sign of Pzcm seems to be smaller than the polarization (for Pz > O) 

when A0 and K+ have the opposite sign of Pzcm. If we average the 

polarization in each case, we get -0.078 ± 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 

+ 0.083 ± 0.056, and + 0.112 ± 0.067 respective! y. 

To determine if there is a dependence of A0 polarization on the relative 

motion of the A0 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 wit 

the same signs, the results are in Table 12. In this case we lack the statistics t 

measure A0 polarization for Pz >O. Roughly 4/5 of the events are with the A0 

and p with the opposite signs and roughly 1/5 of the events are in the regio 

where the A0 and the p have the same sign of Pzcm. (Most of these event 

are in Pz <O region.) 

In the region where A0 and p have the opposite sign of Pzcm, in th 

forward hemisphere, and in the backward hemisphere, we do have enoug 

data to compare the polarization with the polarization of the region where n 
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conditions were imposed between the relative directions of A0 and p; we 

found that statistically they agree. See Figure 17(a). In the region where A0 

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 

A0 and p. However, in the backward hemisphere we do have and we 

determine A0 polarization, see Figure 17(b). A0 polarization, in the backward 

hemisphere, when A0 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 XF 

distribution of the A0 's in that sample, since the polarization is small near 

XF =O . In this region,- 75% of the A0 's ha ve XF < 0.3. Therefore, we observe 

A0 polarization consistent with zero. 

Sorne authors have claimed that A0 polarization depends on other 

variables besides PT and Pz. For example, in the reaction pp ~ p(A°K+), T. 

Henkes et al. [20] observe that A0 polarization decreases to -63 ± 4% when 

M(AK) is 2.8 GeV. Following these suggestions we investigated A0 

polarization as a function of M(AK), M(AKn+n- ), and M(AK2(n+n- )). 

We divided the 8 track sample into 5 M(AK) bins. See Table 13. In 

each of these bins we determined A0 polarization. The results are in Table 14. 

Figure 18 shows these results . From this figure we can see that A0 

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 Pz. As we did for the PT variable, we separated the sample into 
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Pz <O and Pz >O pieces. Each of these bins was divided into 5 bins of M(AK) 

see Table 13. In each of these bins we determined A0 polarization. The result 

are in Table 15. Figure 19 shows these results and compares them wit 

Reference 20 data. From Figure 191 we see that A0 polarization does depen 

on M(AK). However1 it is not clear that this dependence is not just th 

dependence on Pr and Pz discussed in section 5.2.1. Since M(AK) depend 

directly on both variables through the equation of energy-momentu 

conservation. We do note that the polarization magnitude in bot 

hemispheres is roughly -0.13 at M(AK) = 2.47 GeV. Although the reaction i 

not identical to the pp ~ p(AK) final state in Reference 201 these results d 

not confirm their observation of significantly enhanced polarization1 but i 

the region of M(AK) where both experiments overlap1 the A0 polarizatio 

measurements agree1 see Figure 19. In the forward hemisphere A 

polarization is negative. At M(AK) =l. 7 GeV 1 the polarization is consisten 

with zero1 it decreases roughly linearly to --0.16 at M(AK) = 2.47 GeV. In th 

backward hemisphere at M(AK) = l. 7 GeV 1 the polarization is consistent wit 

zero1 and it increases roughly linearly to - +0.11 at 2.47 GeV. 

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

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

To study A0 polarization as a function of M(AKn-+n-- ) 1 we divided the 

track sample into 5 M(AKn-+n-- ) bins. See Table 16. We determined A 

polarization in each of these bins. The results are in Table 17. In the entir 

sample1 A0 polarization is consistent with zero and independent o 

M(AKn-+n-- ) 1 as can be seen in Figure 20. Because of the symmetry in Pz 1 w 

separated the sample into Pz <O and Pz >O hemispheres. We divided each o 
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these bins into 5 bins of M(AKn+n- ), see Table 16. We determined A0 

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

shows these results. From this figure we can see that A0 polarization depends 

on M(AKn+ n- ) variable. In the forward hemisphere A0 polarization is 

negative. At M(AKn+ 1t'- ) = 2. 75 GeV, the polarization is consistent with zero, 

it decreases roughly to -0.16 at M(AKn+n- )=3.75GeV . In the backward 

hemisphere A0 polarization is positive. At M(AKn+n- )=2.75GeV, the 

polarization is consistent with zero, it increases roughly to 0.06 at 

M(AKn+n- )=3.75GeV. In this case also, our results represent the first study 

of A0 polariza tion as a function of M( AK n+ n-) in the backward -forward 

hemisphere. 

For the case of M(AK2(n+n-)) variable, we divided the entire sample 

into 5 M(AK2(n+n-)) bins, see Table 19. In each of these bins we determined 

A0 polarization. The results are in Table 20. Figure 22 shows these results. 

From Figure 22, we can see that A0 polarization is consistent with zero and 

independent of M(AK2(n+n-)). 

As we did for the Pr variable, we separated the sample into P2 <O and 

P2 >O bins. Each of these bins was divided into 5 M(AK2(n+n-)) bins. In each 

of these bins we determined A0 polarization. The results are in Table 21. 

Figure 23 shows that results. From Figure 23, we see that A0 polarization 

depends on M(AK2(n+n-)) . In the forward hemisphere A0 polarization is 

negative. At M(AK2(n+n- )) = 3.9GeV the polarization is consistent with zero, 

it decreases roughly linearly to --ü.14 at M(AK2(n+n- )) = 5.1GeV. In the 

backward hemisphere A0 polarization is positive. At M( AK2( n+ n-)) = 3. 9 GeV 

the polarization is roughly consistent with zero, it increases roughly linearly 
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to - O. 06 at M( AK2( 1r+ 1r-)) = 5.1 GeV. Our concl usions are the same as in th 

dependence on M(AK), and on M(AK1r+1r- ) . 

5.2.3 N Not Produced Directly 

A0 polarization may depend on whether the A0 is produced directly o 

is the decay product of a particle or resonance produced in the stron 

interaction of the two protons. This is particularly troublesome to inclusiv 

studies which are unable to distinguish directly produced A0 's from thos 

made in other ways. In our exclusive final states, we have the ability to stud 

the contributions from non-directly produced A0 's . 

5.2.3.1 .I:0 
--7 Ny 

In inclusive A0 production at these energies, as much as 30% of the A0
' 

are the result of decays of .r,o [30] . Those A0 's dilute the polarization observe 

inclusively, making comparison with theoretical models difficult. 

In our exclusive sample, we expect the contribution from .I:0 's to b 

reduced compared to inclusive production. The stringent demands on 

and longitudinal momentum restrict the kinematic regions when the gamm 

ray from the .I:0 
--7 N 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 A0 's from .r,o decay, we conducted 

Monte Carlo simulation. We assumed that the production processes for .r. 

were identical to those describing A0 production. (See Chapter 6 for a detaile 
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presentation of the Monte Carlo procedures.) Once produced, the L0 '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 A0 production. 

From these studies, we found that the average acceptance for A0 

produced from L 0 is 1.32%. Using another Monte Carlo sample of A0 directly 

produced (see Chapter 6) we found that the average acceptance for A0 directly 

produced is 11.17%. If we suppose that the L 0 production is equal to the A0 

production, the ratio of the A0 produced through L 0 ~ Nr to the A0 produced 

directly is roughly 12%. But from inclusive studies, we know that L 0 

production is 0.28 ± 0.011 [30] of a A0 production. Thus the ratio of A0 

produced through L 0 ~N y to A0 produced directly is roughly (3.36 ± 0.132)%. 

From these Monte Carlo studies, we determined cuts which would reduce the 

possible contamination of A0 from L 0 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 GeV2, we 

discard 75% of the L 0 
( A0

) Monte Carlo output sample. When we put these 

cuts on the 8 track Monte Carlo sample (A0 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 A0 's produced through L 0 decay to direct 

A0 's is roughly 1%. In this reduced sample, we studied A0 polarization as a 

function of Pz and Pr , 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 :E0 does no 

affect our results on A0 polarization. 

The resonance 1:•- (1385) was detected in our A0 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 o 

A0 n- . It peaks clearly around 1.385 GeV. In the figure we indicate the cut 

((1.33, 1.46) GeV) we performed on the sample around the peak of th 

distribution. The events inside this interval were discarded; they represen 

roughly 4.2% of the sample. We measure A0 polarization with the rest of th 

events. The results of these measurements are in Table 23. In Figure 26 w 

compare these A0 polarization measurements with the results obtained i 

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

statistically the same. Our conclusion is that there is not any differenc 

between the A0 polarization directly produced and the A0 polarizatio 

contaminated with roughly 4.2% of 1:•- ~ Nn- . 

The resonance :E•+ (1385) was also detected in our A0 sample. 

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

our measurements, the following procedure was conducted. 
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In Figure 27 we plot the invariant mass of all possible combinations of 

Nn+. 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 4.5% of the sample. We measure A0 polarization with the rest of the 

events. The results of these measurements are in Table 24. In Figure 28, we 

compare these A0 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 A0 polarization directly produced and the A0 polarization 

contaminated with roughly 4.5% of r,*+ ~ Nn+. 

5.3 N Polarization as a Function of the Number of Final State Particles 

We investigated if the A0 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 Pz <O and Pz >O bins. We 

separated each of these bins into 5 Pr bins (the same Pr bins we use in 

measuring the 8 track sample). We measured A0 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 A0 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 o 

each other. To double the statistics, we combine the polarization from bot 

hemispheres. The results are in Table 28 and are shown in Figure 30. Fro 

this figure it is evident that 6 track sample polarization and 8 track sampl 

polarization have the same behavior. For 10 track final state sample, 

polarization in the forward hemisphere is consistent with the 8 track 

polarization. In the backward hemisphere A0 polarization is consistent wit 

zero. Figure 31 shows these results and the comparison with the 8 track A 

polarization. For 12 track final state sample, A0 polarization in the forwar 

hemisphere is consistent with the 8 track A0 polarization. In the backwar 

hemisphere A0 polarization is consistent with zero. Figure 32 shows thes 

results and the comparison with the 8 track A0 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 (SSO). Either the beam proton or the target proton dissociates t 

give birth to the A0
• In this case, the Pz variable seems to work very well i 

separating both hemispheres (the A0 's from the target proton ar 

preferentially in the Pz <O hemisphere and the A0 's from the beam proto 

are preferentially in the Pz >O 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 P7 , 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 (000), where either th 

beam proton or the target proton dissociate to produce the A0
• In this case, th 
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P2 variable is not enough of a criterion to separa te the A0 's produced via the 

dissociation of the target proton, P2 <O, from the A0 's produced via the 

dissociation of the beam proton, P2 >O. 

We compare, for P2 >O and P2 <O, the A0 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 A0 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 A0 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 A0 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 A0 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, A0 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 P2 hemispheres) is not sufficient to 

identify which interacting proton produced the A0
• 

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

inclusive A0 polarization measurements. Because as we stated in section 
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1.4.2, in inclusive reactions only A0 polarization measurements in the Pz >O 

hemisphere have been carried out. 

5.4 Consistency Checks 

We performed two consistency checks of the technique used to extrae 

A0 polarization. 

First, in 8 track A0 polarization measurements, we checked ou 

measurement procedures by determining the polarization (expected to b 

zero) of a sample of exclusive K~ 's. The analysis procedures were identical t 

the A0 8 track final state sample. We substituted the p from A0 for the n+ 

from K,0 • The results along the ny direction are in Table 29. The measure 

K,0 polarization is consistent with zero along this direction, for bot 

hemispheres, see Figure 35. These results were statistically unchanged b 

acceptance corrections (see section 6.2.3). 

As a second consistency check, we analyzed an 8 track Monte Carl 

sample that was created with known polarization, see section 6.2.4. 

followed exactly the same procedure as with the data. The results are in Tabl 

30, for the ny direction. The results are the same -- inside the statistica 

uncertainties -- the polarization we put into the sample. The polarizatio 

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 A0 polarization components that are in 

the creation plane (according to our convention, the A0 polarization 

components along the nx and along the nz directions). Any deviation from 

zero could be from production mechanism processes, from A0 magnetic 

moment precession in the magnetic field, or from acceptance problems. A0 's 

must be created with their spins normal to the creation plane. Therefore, the 

components of A0 polarization along the nx and along the nz 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 A0 '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 A0 magnetic moment, in the magnetic field of E766 

spectrometer is roughly 5.4°. With this value, the components nx and nz of 

the A0 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 Cario studies of the acceptance for the nx and 

nz components show that such variations do in fact exist. Thus, we are 

unable to measure the nx and nz 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 b 

either the apparatus or the analysis procedures. To determine if thi 

assumption is justified, we use Monte Cario techniques to calculate th 

acceptance as follows. 

We define the acceptance of the detector in a Monte Cario simulatio 

of the experimentas: 

A A 
# of accepted events N,., 

e = cceptance = = -, 
# of generated events N G 

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

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

6.2 Monte Cario Simulation 

Due to the complexity of the detector, its acceptance must be studie 

using a Monte Cario simulation technique. The complete process of thi 

technique has two steps: First, the Monte Cario data is generated with certai 

characteristics, definite number of final state particles, polarization for certai 
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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 -­

PASSl, PASS2, PASS3, and PASS4. 
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6.2.2 Monte Carlo Production of Unpolarized A
0 

The Monte Cario simulations of A0 's ha ve the following main features. 

The total available energy in the center of mass of the interaction is 7.31 GeV. 

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: 

This P: distribution is consistent with the distributions seen in the real dat 

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

In this intermedia te state, M: can be expressed as: 

where e is the total center-of-mass energy, mP is the proton mass, and Pz an 

Pr are the longitudinal and the transverse momenta of the proton in th 

center-of-mass frame respectively. 

For each final state, different M: distribution functions were used. Th 

f . . . b dN 1 h . . unchon 1s g1ven y --
2
--, , w ere r 1s an mteger. 

dMx Mx 
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In each different final state sample1 the following values for D and r 

were used: 

For 6 track events: 

For 8 track events: 

D=4 and r=6. 

dN 
D=4 and ---e up to M 2

x =16GeV2 and r=6 for 
dM 2 

X 

dN 
For 10 track events: D = 4 and --

2 
-e up to M;= 25 GeV 2 and r = 6 for 

dMx 

M:> 25 GeV 2
• 

For 12 track events: 
dN 

D = 2 and r = -12 up to M:= 36.6 GeV2 and --
2

- e for 
dMx 

For all final states the X system decayed into A0 
1 K+ 1 and N(rc + rc -) pairs1 

where N= 1 for six track events1 N= 2 for eight track eventS1 N= 3 for ten 

track events1 and N= 4 for twelve track events. For further details of the 

X decay algorithms1 see Reference 25. 

The momentum distributions for individual particles1 the total 

momentum distributions for all particles, the position distributions for the 

primary vertex, and the mass and the lifetime distributions for A0 are 

reproduced by the Monte Cario 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 .1++(1232), K* (892)1 p(770), 1:*+(1385) 1 :E*- (1385), .1°(1232). 

Dueto 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 A0 events generated for each final state and the number of event 

accepted after the analysis and Table 32 summarizes the average acceptance i 

each final state multiplicity. Table 33 shows the average time spent t 

genera te each Monte Carlo sample in a Digital Equipment Corporation V A 

Station 3200. 

6.2.3 Monte Carlo Production of x: 
For consistency checks, we produced a Monte Cado K: sample in an 

track final state. The Monte Carlo production of K: has the followin 

characteristics. The system pp decayed isotropically; i.e., following a phas 

space production (PHSP) model, into 2p, K: and n+n- n+n- . 

model is a statistical one. It considers only kinematic relations between th 

final state particles and supposes that it is equally probable for all the spatia 

directions (or all the momenta) that the final state particles can obtain. For 

complete discussion of the PHSP model see Reference 32. The K,0 decaye 

following the P HSP model into a n+ n- . Table 34 summarizes the number o 

K,0 events generated and the number of events accepted after the analysis. 

6.2.4 Monte Carlo P.roduction of Polarized A0 

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

of polarized A0 's was generated in the 8 track final state. 

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

the pp system was the pX system as described in section 6.2.2. The X syste 
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decayed isotropically into A° K+ n+ n - n+ n - . The A0 was assigned a polarization 

as described in Table 35. The polarization is a function of Pr. 

We polarized A0 in the following way: 

In the coordinate system in which A0 is at rest (the coordinate system 

defined in section 3.2), the decay proton is distributed (along the ny direction) 

according to the following expression: 

dN 1 
---= -(1 + af.J, cos 8,) 
d(cos e,) 2 

(2). 

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

technique shown below. lf R is a random number between O and 1, the 

following expression produces values of cos 8, which satisfy the distributions 

in equation (2). 

coso, 

J (1 + af.J, cose, )d( cose,) 
R = -'~"-!-1---------

J ( 1 + a p, cose, )d( cose,) 
- 1 

(3) 

The Monte Cario assumes there is no polarization in either the nx or nz 

directions. 

The distributions generated along nx and along nz axes were isotropic; 

i.e., with no polarization along those directions. From equation (3), if f.J 1 =O, 

cos81 =-1+2*R i=x,z. lf f.J 1 -:t:O i=y, 

-1 + ~1 + 2af.J,(2R -1) + (2af.J,r 
cosO =---~-----------

' ap, 
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6.3 Acceptance 

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

A0 polarization measurements, within the statistical uncertainties, in the ny 

direction. The acceptance does affect polarization in the nx and in the nz 

directions, making it difficult to determine the A0 polarization in thes 

directions. 

We discuss and compare the acceptance determined by two differen 

Monte Cario samples. The first sample, which we call the big statistics Mont 

Cario sample (BS), was created as we explained in section 6.2.2. The secon 

sample, which we call the small statistics Monte Cario sample (SS), wa 

created combining together, in different percentages, data created as we wil 

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. 

For 8 track events: 

2): 

1): 

dN 
D=2 and ---C. 

dM 2 
X 

dN 
D = 4, --

2 
- C up to M~= 16 GeV2 and r = 6 for 

dMx 

M~> 16 GeV2
• 

2): D = 2 and r = -12 up to M~= 20.6 GeV2 and 
dN 
--- C for Mx2 > 20.6 GeV2

• 
dM 2 

X 
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For 10 track events: 1): 
dN 

D=4 and --
2 
-e up to M~ =25GeV2 and r=6 for 

dM X 

2): 

M~> 25 GeV2
• 

D = 2 and r = -12 up to M~= 30.6 GeV2 and 
dN 
--

2 
-e for M~> 30.6 GeV2

• 
dM X 

For 12 track events: 1): Not created. 

2): 
dN 

D=2 and r=-12 up to M~ =36.6GeV2 and --
2 
-e 

dMx 

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. 
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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 calcula te the cos (}; i = x, y, z acceptance distributions, we divided th 

cosO; i = x, y, z range (-1, +1) in 20 equal bins, for both the accepted Mont 

Cario data and the generated Monte Cario data. The cos 8. i = x, y, 
1 

distributions, from the accepted Monte Cario data, divided by th 

corresponding cos (}; i = x, y, z distributions, from the generated Monte Carl 

data, represent the cosO; i = x, y, z acceptance distributions. The data cosO 

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

give us the cos (}; i = x, y, z distributions corrected by acceptance. 

Por 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 Cario errors. 

6.3.1 Acceptance Along the ny Direction 

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

samples, along the ny 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). 
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In Figure 37, we show an example (from the Monte Cario 8 track 

samples) of the acceptance curves along the ny 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 cos 9, 

acceptance curve distributions are statistically equivalent, in each Pr 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 

Cario. 

Our studies indicate that in all final states, in both Pz regions, and in all 

Pr 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 cos 9, acceptance distributions using the least-squares technique. The 

constant and the straight line fit the data very well. The X2 /DOF is close to 

one, in all cases and in both hypothesis. Both fits are consistent. In 85% of the 

Pr 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. 

Asan example, we show in Figure 38, the comparison of the slopes 1 a for the 

straight line fits, for the 8 track BS and the 8 track SS samples. In 85% of the 

Pr bins, the slopes 1 a 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 nx and nz Directions 

The cos (Jx: acceptance distributions vary rapidly, are not smooth, and 

are not symmetric around zero. In the Pz <O region, these acceptance curves 

have a big positive slope. An example from the 8 track sample is in Figure 39. 

We compare the cos Ox acceptance distributions from both samples, the BS 

sample and the SS sample. Inside the statistical errors, they agree in both 

hemispheres. 

The cos Oz acceptance distributions vary rapidly also, are not smooth, 

and are not symmetric around zero. In the Pz <O region, the acceptance 

curves have a big negative slope. An example, from the 8 track sample, is in 

Figure 40. We compare the cos Oz 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
0 polarization along the nx and nz directions. 
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6.4 Comparison Between Uncorrected A
0 Polarization Measurements and 

Corrected Ones, Along the n
1 

Direction 

To show that the acceptance does not affect the A0 polarization 

measurements along the n
1 

direction, we corrected the data using the 

acceptance obtained from the BS sample. Figure 41 shows an example of 

cosO, distributions; Figure 41a shows the cosO, distribution uncorrected by 

acceptance, Figure 41b shows the cosO, acceptance distribution, and Figure 41c 

shows the cos 8, acceptance distribution corrected by acceptance. Statistically 

the acceptance correction does not change the cos 8, 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 

meas uremen ts. 

In Figure 42 we compare these two sets of A
0 polarization 

measurements. We can see that, statistically, the two sets of measurements 

agree. Therefore, our A
0 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
0 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
0 polarization measurements are 

independent of the acceptance corrections. 
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6.5 CONCLUSIONS 

We have studied the polarization of A0 's produced in the exclusive 

reactions: 

(1) 

(2) 

(3) 

(4) 

A0 polarization1 in reaction (2) 1 depends both on the Z-momentum 

component in the center of mass of event ( Pz) and the transversal 

momentum with respect to the Z-direction (P7 ) of the A0
• In the kinematic 

region with Pz >O 1 the A0 polarization is consistent with zero at P7 =O and 

decreases linearly with P7 to -ü.23±0.08 at P7 =1.2GeV. These results agree 

with the current reported inclusive A
0 polarization measurements [1 1 ••• 114]. 

In the kinematic region with Pz <O 1 the A
0 polarization is mirror symmetric 

to that in the Pz >O region (the polarization is consistent with zero at P7 =O 

and increases linearly in P7 to +0.18±0.08 at P7 = 1.2 GeV). The dependence of 

A0 polarization on the Pz results in a net zero polarization when the entire 

data sample for this reaction is analyzed independently of Pz. We find that 

the observation of polarization requires the ability to distinguish in which 

kinematic region (forward where Pz >O 1 backward where Pz <O) the A0 is 

produced. 

A0 polarization1 for reaction (1)1 agrees with that from reaction (2). A
0 

polarization1 from reaction (3) and (4) agree with each other; and with that 
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from reaction (2) in the Pz >O region. In the Pz <O region the A0 polarization 

seems to be consistent with zero. These results could be an indication of the 

production mechanisms. For reactions (1) and (2), the A0 's are most probably 

created by SDD (Single Diffraction Dissociation, Pz distributions have 

forward-backward peaks). For reactions (3) and (4), the A0 are more likely 

created by DDD (Double Diffraction Dissociation, Pz distributions peak around 

zero) . For SDD, Pz is correlated to the Z-momentum component in the 

center of mass of the event of the proton ( P Zp); for DDD the correlation is 

weaker. The additional complication of the detector acceptance makes this 

more apparent in the Pz <O region. The absence of polarization in the DDD 

type reactions (3) and (4) (in the Pz <O region) could be due to our inability to 

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

We have also studied the A0 polarization dependence on the relative 

directions of A
0 and K+ and A

0 and p in the reaction (2). When the p and the 

A
0 are in the same hemisphere (both Pz <O and P Zp <O), the Pz distribution 

peaks around zero. The A
0 polarization is consistent with zero (as in reaction 

(3) and (4) with Pz <O). When A0 and K+ are in the same hemisphere (both 

Pz >O or Pz <O) or in opposite hemispheres (one Pz >O and the other Pz <O) 

and when the A
0 and the p are in opposite hemispheres, Pz distributions 

have backward and forward peaks. The A
0 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 A0 

polarization depends on the ability of the experiment to tell which proton 

dissociated into the A0
• 
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APPENDICES 

1 Proton Angular Distribution 

The spin of A0 is different from zero [28] . In high energy collisions, a A0 

is created with its spin normal to the creation plane [21]. Through the weak 

force, a A0 breaks up into a p and a "'- , with 0.64 of probability [28]. The 

angular distribution of its decay products is not isotropic and depends on the 

A0 's spin orientation. We now analyze with great detail the angular 

distribution of A0 decay products and relate it to the A0 polarization. 

A0 
1 p 1 and "''s quantum numbers are [28]: 

By conservation of total angular momentum: 

- - -l,. = L+S, 

If 

If 

_ _!_ = L ± _!_ => L =O 
2 2 

Consider the A0 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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A0 spin points parallel to the normal of the creation plane, and let d be the 

probability that the A0 spin points anti-parallel to the normal of the creation 

plane. 

Consider a sample of N0 A0 's. Let Ni be the number of A0 's with spin up 

and N¡ the number of A0 's with spin down. 

We ha ve Ni = N0u and N¡ = N0d = N0 (1- u). By the definition of 

polarization we have: 

N -N N u-N (l-u) p = i ¡ or p = 0 0 = 2u - 1 
A Ni +N¡ ' A No 

Let 8 be the angle between the normal of the creation plane and the 

proton momentum vector. Let Wt ( 8) be the angular distribution of the 

proton when the A0 spin is parallel to the creation plane normal and W¡ ( 8) be 

the angular distribution of the proton when A0 spin is anti-parallel to the 

creation plane normal. 

If the A0 spin and the p spin are parallel when the A0 decays, we have 

L =O. -- S waves. If the A0 spin and the p spin are anti-parallel when A0 

decays, we ha ve L = l. -- P waves. 

By parity conservation: 

Parity of N(even) = Parity of p(even) x Parity of n- (odd) x (-l)L 

If parity is conserved, L = l. If parity is not conserved, L =O. 

Let m1 be the Y-component of L and m2 be the Y-component of p spin. 

Also, let }1 and )2 be the value of L and the value of p spin respectively. 
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With L=O 

L = O, ===> m¡ = O 

1 1 1 
S=- ===>m =+- --2, 2 2, 2 

With L=1 

L = 1, ===> m¡ = 1, O 

1 1 1 
S=-===>m =- --

2 2 2' 2 

Let J, be the A0 's spin projection on the Y-axis. 

J =m=m +m y •• , 2 

1 1 
-=0+-
2 2 

1 1 
-=1--
2 2 

1 1 
-=0+-
2 2 
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S waves: 

P waves 

111121 m)= L I1J2m¡m2) (1J2m¡m211J21m) 
"'1"'2 

1 
1 1 1) 1 1 )( 1 1 11 1) 0+-+-±- = L 0+-m¡~ 0+-m¡m2 0+--±-
2 2 2 '"1'"2 2 2 2 2 2 

0+-+-±- = 0+-0±- 0+-0±- 0+--±-
1 

1 1 1) 1 1 1)( 1 11 1 1 1) 
2 2 2 2 2 2 2 22 2 

( 1 11 11 1)( 1 11 11_1) 0+-0±- 0+--±- 0+-0+- 0+--+- =1 
2 2 22 2 2 2 22 2 

1 
1 1 1) 11 1) 0+-+-+- =lOO)--
2 2 2 2 2 ' 

0+-+--- =lOO)+---
1 

1 1 1) 1 1 1) 
2 2 2 2 2 

I1J21m) = L I1J2tn¡m2)(1112m1m211J21m) 
m¡ "'2 

m1 =+1,0; 1=L+S; 1=11 +12 

1 1 -=1--
2 2 

70 



1 
1 1 1) 1 1 )( 1 1 1 1 1) 1+--- =L. 1+-m tnz 1+-m¡~nz 1+---
2 2 2 "'1"'2 2 1 2 2 2 2 

1 
1 1)( 1 11 1 1 1) = 1+-+1-- 1+-+1--1+--- + 
2 2 2 2 222 

1 
1 1)( 1 11 1 1 1) 1+-0- 1+-0-1+---
2 2 2 2 222 

=111) +--- 1+-+1--1+--- + 
1 

1 1)( 1 11 1 1 1) 
2 2 2 2 222 

110) +-- 1+-0-1+---
1

1 1)( 1 11 1 1 1) 
22 2 2 222 

1 
1 1)( 1 11 111) 111)+--- 1+-+1--1+---

1 

1 1 1) 2 2 2 2 2 2 2 

j + 
1 

+ 2 2 2 = ( jl+ + j 2J 1 1 1 )( 1 11 1 1 1) 
+11 o)+-- 1+-0-1+---

22 2 2 222 

Using 

1 

J± la j m)=((J+m)(J±m+1)) z¡a j m±1) 

J 1+--- =111) +-+- 1+-+1--1+--- + 
1 

1 1 1) 11 1)( 1 11 1 1 1) 
+ 222 2 2 2 2 222 

.!. 11 1)( 1 11 1 1 1) [2] 2111)+-- 1+-0-1+--- =0 
22 2 2 222 

( 
1 11 1 1 1) .!.( 1 11 1 1 1) 1+-+1--1+--- =-[2]2 1+-0-1+---
2 2 222 2 2 222 

With normalization 
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We have 

P waves 

111 12 1m)= Ll11 12 m1 m¡)(11 12 m¡ m2111 12 1m) 
'"1"'2 

L=+1 
m¡ =-1, O, 1=L+S, 1=11 +12 

+ _!_ = +1 _ _!_, 1 = 11 + 12 - 1 
2 2 

m= m1 +m2 

_.!_ = -1 + .!_ 
2 2 

_.!_ =0-.!_ 
2 2 

1+-- -- = L 1+-m m 1+-m m 1+----
1 

1 1 1) 1 1 )( 1 1 1 1 1) 
2 2 2 '"1"'2 2 1 2 2 1 2 2 2 2 

= 11 + .!_ - 1 !) (1 + .!. - 1 .!_ 11 + .!_ .!_ - !) + 
2 2 2 2 22 2 

1
1 +.!_o-!) (1 +.!_o- .!_11 +.!..!.- .!.) 

2 2 2 2 22 2 

=11-1)+-- 1+--1-1+---- + 
1 

1 1 )\ 1 11 1 1 1) 
22 2 2 22 2 

J 1 1x 1 1
1 

1 1 1) 
1
1012-2 1+2°-2 1+ 2 2-2 

1 
1 1 )( 1 1 1 1 1 ) 

1- 11 + .!_ .!. - !) = o = ( ¡_ + ¡_) 11 - 1) + 2 2 1 + 2 - 1 2 1 2 2 - 1 + 

2 2 2 
1 2 

11 1)( 1 11 1 1 1) 110)--- 1-0--1+----
2 2 2 2 22 2 
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If we consider: 

1 

l_la j m)= [U+ m)(j- m+ 1)F la j m-1) 

we have 

1 
1 1 1) 11 1)( 1 111 1 ) J 1+---- =0=11-1) --- 1+--1-1---1 + 

- 22 2 2 2 2 2 22 

.!. 11 1)( 1 11 11 1) (2) 211-1) --- 1-0--1+----
2 2 2 2 22 2 

=0 

( 
1 111 1 ) .!.( 1 11 1 1 1) 1+--1-1---1 +(2)z 1-0--1+---- =0 
2 2 22 2 2 22 2 

Let apt be the probability amplitude for P waves and ast be the 

probability amplitude for S waves when the A0 spin is parallel to the normal 

of the creation plane. 

The probability amplitude can be written as: 

And the probability density as: 
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As: 

V'; y¡, = [ ( ~111) '1 ~ -~)' -~11 O) 'IH) };, +(¡o O)·~~ ~)'a~)] 

[ ( ~111>1~- ~)- ~~lO>IH) )a,,+ (¡o o~H) )a,,] 
=(~llllf +ill1of)aprl 2 -~I10}IOO}* a;raPr­

~11 O}* lO O)asr a;r +~o O}l 2 1asr¡z 

¡o o)= Y~= 1 

( 3)~ 111) =y:=- 2 sin e 
1 

11 O)= Y,0 = (3)2 cose 

* (l lz l l2)( 2 Re( a sra;r )J 
lj/r ljl r = apf + ast 1 - 1 12 1 12 cose 

aPt + ast 

When the A0 spin is parallel to the normal of the creation plane, the 

angular distribution is given by: 

where 
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Let aPJ. be the probability amplitude for P waves and asJ. the probability 

amplitude for S waves for the decay of a A0 when its spin points down in the 

creation plane. The probability amplitude can be written as: 

And the probability density: 

If we use: 

'I'~'I'J. =(~111-1t +~IIWt)lapl +,jfloo)*I10)a:apJ. + 

,jfi10)*IOO)a;J. asJ. +lloo)nasl 

¡o o)= Y~= 1 
1 

j1 O)= Y1° = (3)2 COS (} 

( 3)~ I1-1)=Y1-
1 =+ 

2 
sin(} 

we obtain for the probability density: 

and for the angular distribution: 

with 
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The angular distribution, when the A0 spin is anti-parallel to the 

normal of the creation plane is given by: 

w.~. (o) = 1- acosO 

The total angular distribution is: 

dN 
- = uWt (O)N0 + (1- u)W,¡. (O)N0 dO. 

=(u+ aucosO + 1- acosO-u+ aucos0)N0 

= (1- (1- 2u)acos0)N0 = (1 +a p .... cos0)N0 

dN - = (1+ap .... cos0)No 
dO. 

If we normalize to N0 , we can write the last equation as: 

dN =No (1+ ap cosO) 
dO. 4n " 
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11 Errors 

1. Fitting N Po in ts to a Straigh t Line y1 = b + mx1 

The minimum X2 or least-squares technique to fit n points, with 

values P(x) and with variance ui, to a given distribution f(xi) is 

accomplished by minimizing the valued of X2 given by Equation 1. 

(1) 

The X2 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(xi) = P(xi), then X2 =O. The larger the X2 values, the larger the deviations 

from the assumed distribution. So, the smaller the X2
, the better the assumed 

dis tribu tion. 

Sometimes the reduced X2 is used: 

h 2 -X X DOF = OFt 

where DOF means the degrees of freedom (number of points to fit minus the 

number of constraints). If X2 1 DOF is close to 1 or less than 1, it means that 

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

known [33] that 

and 

2 

LX;Y; í.~-LlLL~ 
1 a: 1 a 1

2 a 1
2 a: 

b= 
Det 

with 

Det = (í. x: )(í.-1 )-(í.~)
2

• 
j a 2 

i a~ i a~ 
1 1 1 

As Det is not a function of y1 and because for the normal distribution 

a:
1 

= y1, the standard deviations for m and b are given by: 

I,-1 
. ~2 

2 1 V • a =--1 
"' Det 

and 

respecti vel y. 

78 



1.2 Determ ination of Uncertainties in A0 Polarization 

1.2.1 Correlated Variables 

Consider the acceptance Ac1 • 

.4 = N.M 
"Ci N ' 

Gi 

where Ac1 is the probability of accepting N 111 A0 's of the total number generated 

N
01 

A0 'sin the bin i. Of course, N01 '?:. N111 • Thus: 

A =N"¡ 
Ci N 

Gi 

follows a binomial distribution because an event is accepted (N11 ) or not 

accepted (N .• ) and always N01 '?:. N111 • This distribution is given by: 

where p is the probability of accepting an event. The probability density 

function is given by: 

f.(p) = P(N11 , N0 ). 

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

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

m = ln f.(p), 

m= N11 lnp + (N0 - N11 )ln(l- p) + 1nN0 ! -lnN11 ! -ln(N0 - N11 )!. 
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And we have: 

Andas: 

we have that: 

a2. = [-a
2
m J-I 

p a'P2 * 
p= p 

and 

The uncertainty is given by: 

1.2.2 Uncorrelated Variables 

Consider the polarization f.Jy: 

where m± a,. and b ± ab are the parameters from the fitting of the cos9y 

distributions toa straight line. a± aa is the asymmetry parameter, and f.Jy is 

the polarization. This is an example of uncorrelated variables. 
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If f = f(X¡oX2 , ... xJ where xi' i = 1, 2, ... , n are uncorrelated. The 

uncertainty a; is given by: 

2 • a¡ 2 ( J
2 

a, = ~ dx; a~;· 

1.3 Error Propagation 

In the A0 polarization measurements, the errors were propagated 

through the following steps: 

1) We plotted cose,, for each of the Pr 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 a~; = N;. This last 

statement is following a Gaussian distribution. 

2) We determined the acceptance for each of the Pr bins, as we explained in 

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

A =N,..; 
Ci N 1 

Gi 

with Na;= N,..; + N,..; and Na;~ N,..;· 

3) We corrected the real data cose, 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 too k N,¡ and Aci as uncorrelated variables. N,¡ is the number of real 

events inside the bin i and Ac¡ is the acceptance for the bin i. Following 

the procedure of this Appendix section 1.2.2, the uncertainty in Nc¡ is 

given by: 

(2) 

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

straight line Y e¡ =b + mcos e,¡ using the least-squares method. Then we 

obtained: 

and 

m = No a VI b = No VI m 
4n ()V , , 4n' ()V ' = ab · 

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

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

a,, is gi ven by: 

(3) 

82 



REFERENCES 

l. A. Lesnik, et al., Phys. Rev. Lett. 35, 770 (1975). 

2. G. Bunce, et al., Phys. Rev. Lett. 19, 1113 (1976). 

3. K Heller, et al., Phys. Lett. 5, 480 (1977) . 

4. F. Lomanno, et al., Phys. Rev. Lett. 26, 1905 (1979). 

5. F. Abe, et al., Phys. Rev. Lett. 15, 1102 (1983). 

6. S. Erhan, et al., Phys. Lett. 2, 301 (1979). 

7. K Raychaudhuri, et al., Phys. Lett. 3, 319 (1980). 

8. K Heller, et al., Phys. Rev. Lett. 9, 607 (1978). 

9. F. Abe, et al., Journal of the Physical Society of Japan Vol.52, No. 12, 

December, 1983, pp. 4107-4117. 

10. P. Aahlin, et al., Lettere al Nuovo Cimento. 21, N. 7 236 (1978). 

11 . A.M. Smith, et al., Phys. Lett. B 1, and 2, 209 (1987) . 

12. BIS-2 Collaboration, Sov. J. Phys. 37(6), June 1983. 

13. V. Blobel, et al., Nuclear Physics B122 (1977) 429-434. 

14. Yu. D. Aleshin, et al., Sov. J. Nucl. Phys., 20(6), May 1975. 

15. S.M. Troshin, et al., Sov. J. Nucl. Phys., 38(4), October 1983. 

16. Thomas A. DeGrand, et al., Phys. Rev. D 24, 2419 (1981). 

83 



17. K.J.M. Moriarty, et al., Lettere al Nuovo Cimento. 17, N. 11 366 (1976). 

18. B. Andersson, et al., Phys. Lett. 4, 85B (1979). 

19. J. Szwed, et al., Phys. Lett. 5, lOSB (1981). 

20. T. Henkes, et al., Phys. Lett. B 283 (1992). 

21. Donald K. Perkins, "Introduction to High Energy Physics", (Addison 

Wesley, 1987). 

22. K. Keller, in Proceedings of the Seventh International Conference on 

Polarization Phenomena in Nuclear Physics, París, 1990, edited by A. 

Boudard and Y. Terrien [J. Phys. (Paris), Colloq. 51, C6-163 (1990)]. 

23. M.D. Church, Columbia University Ph.D. dissertation, ":::- Production 

in 15-28 GeV Neutron-Proton Interactions", Nevis R# 260, (1986). 

24. B.J. Stern, Columbia University Ph.D. dissertation, "A Search for 

Charmed Particles in 15-28 GeV Neutron-Proton Interactions", Nevis 

R# 266, (1988) . 

25. E.E. Gottschalk, Columbia University Ph.D. dissertation, "Strange 

Baryon Production in 27.5 GeV 1 e Proton-Proton Interactions", Nevis 

R# 278 (1992). 

26. M.J. Forbush, Texas A & M University Ph.D. dissertation, "High Mass 

Diffractive Dissociation at 27.5 GeV Proton-Proton lnteractions in 

Exclusive Final States", (1990). 

84 



27. L.R. Wiencke, Columbia University Ph.D. dissertation, "Observation of 

Final State Coulomb Interactions in Proton-Proton Collisions at 27.5 

GeV /e", Nevis R# 280 (1992). 

28. Particle Data Group, Phys. Rev., D45, VII.37 (1992). 

29. J. Uribe, University of Massachusetts Ph.D. Dissertation, "Pion-Pion 

Correlations at Low Relative Momentum Produced in the Reactions 

pp ~ pp(n+n- f with n = 2, 3, 4, 5, 6", UMAHEP 385 (1993). 

30. M.W. Sullivan, et al., Phys. Rev. D 36 674 (1987). 

31. K. Goulianos, Phys. Rep. 101, NQ. 3 (1983) . 

32. R. Hagedorn, "Relativistic Kinematics", (W.A. Benjamin, Inc. 1963). 

33. Philip R. Bevington. "Data Reduction and Error Analysis for the 

Physical Sciences", McGraw-Hill Book Company, New York, 1969. 

85 



TABLES 

86 



TABLE 1. 
Main features of the used A0 sample. 

Final state 
multiplicity 

particles 

6 
8 
10 
12 

Average number 
of solutions per 

event 

1.2 
1.5 
2.0 
2.5 

TABLE2. 

Number of events 
from all triggers 

4521 
57455 
54266 
16381 

Estimated percentage of the background in each final state. 

Final state 
multiplicity Background 

(%) partid es 

6 
8 
10 
12 

TABLE3. 

12.0 
10.8 
11.2 
11.0 

Characteristics of the A0 sample used to study polarization. 

Final state 
multiplicity 

partid es 

6 
8 
10 
12 

Average number 
of solutions per 

event 
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1.1 
1.2 
1.4 
1.6 

Number of events 
from all triggers 

after PASS4 

3978 
51195 
48195 
14582 



Bin 

1 
2 
3 
4 
5 

TABLE4. 
Bins for Pr. 

Range (GeV) 

0.000 -- 0.264 
0.264 -- 0.528 
0.528 -- 0.792 
0.792 -- 1.056 
1.056 -- 1.320 

TABLE 5. 

Pr (GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

N polarization for the en tire 8 track final state sample. 

Pr (GeV) 

0.132 
0.396 
0.66 
0.924 
1.188 

f.J,±!lf.J , 
-0.004 ± 0.049 
-0.017 ± 0.032 
0.020 ± 0.024 
0.017 ± 0.022 
0.008 ± 0.031 

88 

X2 /(DOF = 18) 

0.98 
2.24 
3.85 
1.08 
1.49 



(a) 

(b) 

TABLE 6. 
N polarization for the 8 track final state sample. 

Pz ~O 

PT(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

pz >0 

PT(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

Bin 

1 
2 
3 
4 
5 
6 

P, ± l:lp, 

0.028 ± 0.035 
0.025 ± 0.027 
0.128 ± 0.032 
0.097 ± 0.046 
0.183 ± 0.072 

P,±l:lp, 

-0.020 ± 0.046 
0.003 ± 0.032 

-0.114 ± 0.037 
-0.196 ± 0.052 
-0.232 ± 0.084 

TABLE 7. 
Bins for P2 • 

Range (GeV) 

-3.2-- -2.0 
-2.0-- -1.0 
-1.0 -- 0.0 
0.0 -- 1.0 
1.0 -- 2.0 
2.0-- 3.2 

89 

X2 /(DOF = 18) 

1.34 
2.02 
2.42 
1.93 
1.18 

X2 /(DOF = 18) 

Pz (GeV) 

-2.6 
-1.5 
-0.5 
0.5 
1.5 
2.6 

0.70 
1.69 
1.47 
1.89 
1.09 



TABLE8. 
N polarization as a function of Pz 

Pz (GeV) 

-2.6 
-1.5 
-0.5 
0.5 
1.5 
2.6 

f.Jy ± !ipy 

+0.142 ± 0.073 
+0.142 ± 0.064 
+0.010 ± 0.019 
-0.074 ± 0.048 
-0.172 ± 0.065 
-0.230 ± 0.206 

TABLE9. 
N polarization for the 8 track final state sample. 

N 's and K+ 's Z-momentum component, in the center of mass of event, 
have the same sign. 

P7 (GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

P7 (GeV) 

0.132 
0.396 
0.66 
0.924 
1.188 

f.J y± !ip y 

+0.035 ± 0.046 
-0.020 ± 0.034 
+0.114 ± 0.041 
+0.094 ± 0.060 
+0.192 ± 0.099 

f.Jy± !ipy 

-0.052 ± 0.060 
+0.052 ± 0.042 
-0.095 ± 0.048 
-0.183 ± 0.067 
-0.110 ± 0.113 
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X2 /(DOF = 18) 

1.00 
1.85 
1.63 
1.56 
0.73 

X2 /(DOF = 18) 

0.51 
1.25 
1.60 
1.47 
0.91 



TABLE 10. 
A0 polarization for the 8 track final state sample. 

A0 's and K+ 's Z-momentum component, in the center of mass of event, 
ha ve opposite sign. 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

.f.J] ± Ó.f.J] 

+0.031 ± 0.055 
+0.102 ± 0.042 
+0.146 ± 0.053 
+0.097 ± 0.073 
+0.185 ± 0.110 

.f.J] ± Ó.f.J] 

+0.017 ± 0.071 
-0.064 ± 0.049 
-0.141 ± 0.056 
-0.221 ± 0.082 
-0.405 ± 0.130 

TABLE 11. 

X2 /(DOF = 18) 

1.73 
0.96 
1.57 
1.61 
0.97 

X2 /(DOF = 18) 

0.80 
1.37 
0.73 
1.54 
1.09 

A0 polarization for the 8 track final state sample. 
A0 's and p 's Z-momentum component, in the center of mass of event, 

ha ve opposite sign. 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

.f.J] ± !lt<J] 

+0.034 ± 0.041 
+0.032 ± 0.032 
+0.151 ± 0.041 
+0.088 ± 0.061 
+0.292 ± 0.099 

.f.J] ± Ó.f.J] 

-0.008 ± 0.046 
+0.008 ± 0.032 
-0.120 ± 0.037 
-0.200 ± 0.053 
-0.280 ± 0.087 
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X2 /(DOF = 18) 

2.12 
2.16 
1.59 
1.49 
0.61 

X2 j(DOF = 18) 

0.71 
1.63 
1.48 
1.98 
1.04 



TABLE 12. 
A0 polarization for the 8 track final state sample. 

A0 's and p 's Z-momentum component in the center of mass of event 
ha ve the same sign. 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

Bin 

1 
2 
3 
4 
5 

,f.J] ± ll ,f.J] 

+0.046 ± 0.071 
+0.004 ± 0.049 
+0.074 ± 0.054 
+0.082 ± 0.073 
+0.011 ± 0.110 

,f.J] ± ll ,f.J] 

-0.330 ± 0.366 
-0.320 ± 0.172 
-0.111 ± 0.197 
-0.133 ± 0.220 
+0.300 ± 0.340 

TABLE 13. 

X2 /(DOF = 18) 

1.11 
1.44 
1.30 
1.22 
1.44 

X2 /(DOF = 18) 

1.55 
0.59 
1.05 
0.35 
1.05 

Bins for M(AK). 

Range(GeV) M(AK)(GeV) 
1.00 -- 1.42 1.21 
1.42 -- 1.84 1.63 
1.84--2.26 2.05 
2.26--2.68 2.47 
2.68 -- 3.10 2.89 
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TABLE 14. 

A0 polarization, for the entire 8 track final state sample, 

as a function of M(AK). 

M(AK)(GeV) 

1.21 
1.63 
2.05 
2.47 
2.89 

* 
-0.013 ± 0.023 
0.024 ± 0.020 

-0.019 ± 0.029 

* 

2.59 
3.19 
1.04 

* 

* not enough statistics. 

(a) 

(b) 

TABLE 15. 
A0 polarization, for the 8 track final state sample, 

as a function of M(AK). 

pz '5: O 

M(AK)(GeV) 

1.21 
1.63 
2.05 
2.47 
2.89 

P2 >0 

M(AK)(GeV) 

1.21 
1.63 
2.05 
2.47 
2.89 

f.J,±~f.J, 

* 
-0.020 ± 0.030 
+0.116 ± 0.028 
+0.108 ± 0.040 

* 

(.), ± ~(.), 

* 
-0.004 ± 0.038 
-0.080 ± 0.030 
-0.160 ± 0.043 

* 

X2 /(DOF = 18) 

* 
1.99 
2.87 
1.36 

* 

X2 /(DOF = 18) 

* 
1.46 
1.55 
1.18 

* 

* not enough statistics. 
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TABLE 16. 
Bins for M(AKn+ n-) . 

Bin 

1 
2 
3 
4 
5 

Range(GeV) 

2.0-2.5 
2.5 -- 3.0 
3.0-3.5 
3.5--4.0 
4.0--4.5 

M(AKn+n- )(GeV) 

2.25 
2.75 
3.25 
3.75 
4.25 

TABLE 17. 
A0 polarization, for the entire 8 track final state sample, 

as a function of M(AKn+n- ). 

M(AKn+n- )(GeV) 

2.25 
2.75 
3.25 
3.75 
4.25 

* not enough statistics. 

* 
+0.012 ± 0.033 
-0.020 ± 0.026 
-0.023 ± 0.026 

* 

94 

X2 /(DOF = 18) 

* 
1.70 
2.49 
1.97 

* 



TABLE 18. 
A0 polarization, for the 8 track final state sample, 

as a function of M(AKn+n- ). 

M (AKn+ n-)(GeV) 

2.25 
2.75 
3.25 
3.75 
4.25 

(b) Pz >O 

M (AKn+ tr-)(GeV) 

2.25 
2.75 
3.25 
3.75 
4.25 

* not enough statistics. 

.. 
0.008 ± 0.059 
0.027 ± 0.040 
0.060 ± 0.030 .. 

.. 
+0.014 ± 0.040 
-0.057 ± 0.034 
-0.152 ± 0.041 .. 

TABLE 19. 

Bins for M(AK2(n+n- )). 

X2 /(DOF = 18) 
.. 

1.33 
2.78 
1.51 .. 

.. 
1.38 
1.00 
1.33 .. 

Bin 

1 
2 
3 
4 
5 

Range (GeV) 

3.0--3.6 
3.6--4.2 
4.2--4.8 
4.8-- 5.4 
5.4--6.0 

M(AK2(n+ tr- ))(GeV) 

3.3 
3.9 
4.5 
5.1 
5.7 
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TABLE20. 
A0 polarization, for the entire 8 track final state sample, 

as a function of M(AK2(n+n- )). 

IP2 1 ~ 3.2 GeV 

M(AK2(tr+tr- )) GeV 

3.3 
3.9 
4.5 
5.1 
5.7 

* not enough statistics 

0.049 ± 0.034 
-0.020 ± 0.025 
-0.026 ± 0.025 

TABLE21. 

X2 /(DOF = 18) 

2.26 
1.61 
1.79 

A0 polarization, for the 8 track final state sample, 
as a function of M(AK2(7r+7r- )). 

M(AK2(tr+tr- )) GeV 

3.3 
3.9 
4.5 
5.1 
5.7 

(b) P
2 

>O 

M(AK2(tr+tr- )) GeV 

3.3 
3.9 
4.5 
5.1 
5.7 

* not enough statistics 

* 
0.068 ± 0.040 
0.064 ± 0.032 
0.061 ± 0.030 

+0.047 ± 0.042 
-0.079 ± 0.033 
-0.140 ± 0.039 
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X2 /(DOF = 18) 

2.11 
1.50 
1.29 

X2 /(DOF = 18) 

1.65 
1.25 
1.71 



TABLE22. 
A0 polarization, for the 8 track final state sample, 

without A0 from 1:0 ~ Ny. 

(a) P2 ~O 

Pr(GeV) (<)y ± !'!. (<)y X2 /(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) P2 >0 

Pr(GeV) (<)y ± !'!. (<)y X2 j(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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TABLE23. 
A0 polarization, for the 8 track final state sample, 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

Pr(GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

without A0 from L*- ~ Nn-. 

frJ J ± /). frJ J 

0.037 ± 0.036 
0.024 ± 0.027 
0.120 ± 0.033 
0.100 ± 0.047 
0.190 ± 0.074 

frJ J ± /). frJ J 

-0.011 ± 0.046 
+0.001 ± 0.032 
-0.120 ± 0.037 
-0.200 ± 0.053 
-0.270 ± 0.087 
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X2 /(DOF = 18) 

1.32 
1.85 
2.40 
1.91 
1.20 

X2 j(DOF = 18) 

0.58 
1.71 
1.42 
1.79 
1.09 



TABLE24. 
A0 polarization, for the 8 track final state, 

without A0 from L*+ ~ Nn+. 

(a) Pz ~O 

Pr(GeV) P, ± ó.p, X2 j(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) pz >0 

Pr(GeV) f.J,±!lp, X2 j(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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TABLE25. 
A0 polarization for the 6 track final state sample. 

(a) PzSO 

Pr(GeV) P,± !l.p, X2/(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) P2 >0 

Pr(GeV) P,± !l.p, X2 /(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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TABLE26. 
A0 polarization for the 10 track final state sample. 

(a) Pz ~O 

Pr(GeV) P,±~P, X2 /(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 

(b) P2 >0 

Pr(GeV) i<J,±~P, X2 /(DOF = 18) 

0.132 -0.073 ± 0.048 2.77 
0.396 -0.116 ± 0.033 1.14 
0.660 -0.100 ± 0.038 1.91 
0.924 -0.104 ± 0.056 1.14 
1.188 -0.189 ± 0.093 1.30 
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TABLE27. 
A0 polarization for the 12 track final state sample. 

P7 (GeV) 

0.132 
0.396 
0.660 
0.924 
1.188 

(b) Pz >O 

P7 (GeV) 

0.132 
0.396 
0.66 
0.924 
1.188 

P,±llp, 

0.049 ± 0.070 
0.006 ± 0.048 
0.085 ± 0.057 

-0.015 ± 0.083 
0.063 ± 0.153 

P,± 1:1p, 

-0.131 ± 0.084 
0.028 ± 0.060 

-0.043 ± 0.070 
-0.136 ± 0.105 
-0.119 ± 0.183 

TABLE28. 

X2 /(DOF = 18) 

1.01 
0.84 
1.47 
0.98 
1.52 

X2 /(DOF = 18) 

1.25 
1.58 
0.73 
0.81 
0.92 

A0 polarization, for the 6 track final state sample, 
combining both hemispheres data. 

P7 (GeV) 

0.132 
0.396 
0.66 
0.924 
1.188 

P,± óp, 
0.002 ± 0.089 
0.022 ± 0.073 
0.074 ± 0.090 
0.260 ± 0.129 
0.200 ± 0.230 
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X2 /(DOF = 18) 

1.38 
1.21 
1.02 
1.59 
1.56 



TABLE 29. 
K: polarization for the 8 track final state sample. 

(a) P2 ~O 

Pr(GeV) P,±t:J.p, X2 j(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) pz >0 

Pr(GeV) P,±t:J.p, X2 j(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 

TABLE30. 
A0 polarization, for the Monte Cario 8 track final state sample. 

(a) Pz ~O 

Pr(GeV) P,±t:J.p, X2 j(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) P2 >0 

Pr(GeV) P,±t:J.p, X2 j(DOF = 18) 

0.132 0.002 ± 0.042 1.03 
0.396 0.031 ± 0.028 1.69 
0.660 -0.186 ± 0.028 1.43 
0.924 -0.204 ± 0.035 0.84 
1.188 -0.313 ± 0.051 1.59 
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TABLE31. 
Number of Monte Carlo A0 sample events generated and accepted, 

in the big statistics sample. 

Final state 
multiplicity 

partid es 

6 
8 
10 
12 

Number of events 
generated 

500 000 
1000 000 
600 000 
200 000 

TABLE32. 

Number of events 
after PASS3 

35 055 
133 858 
89353 
39 203 

Average acceptance in the big statistics sample. 

Final state 
multiplicity 

par ti eles 

6 
8 
10 
12 

Average 
acceptance 

(%) 

5.33 
11.17 
13.04 
16.75 

TABLE33. 
Average time required to genera te the Monte Carlo samples. 

Final state 
multiplicity 

par ti eles 

6 
8 
10 
12 

Number of events 
generated 

500 000 
1000 000 
600 000 
200 000 
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Average time 
(days) 

22 
45 
42 
94 



TABLE 34. 
Number of Monte Carlo K: generated and accepted. 

N umber of final 
state multiplicity 

par ti eles 
Number of events Number of events 

generated after P ASS3 

8 150000 79800 

TABLE35. 
Monte Carlo A0 polarization distribution. 

Range of PT(GeV) 

0.000, -- 0.264 
0.264, -- 0.528 
0.528, -- 0.792 
0.792, -- 1.056 
1.056, -- 1.32 
1.32, -- 00 
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Polarization 

-0.015 
0.025 

-0.123 
-0.176 
-0.370 
-0.400 



TABLE 36. 
Number of Monte Carlo A0 sample events generated and accepted, 

in the SS sample. 

Final state 
multiplicity 

particles 

6 

8 

10 

12 

Model Number of events Number of events 
generated after PASS4 

1 100 000 2635 
2 28 000 474 
1 50 000 4515 
2 29 000 3 084 
1 31000 4479 
2 50 000 6 611 
1 Not generated 
2 Not generated 

TABLE37. 
Average acceptance in the SS sample. 

Final state 
multiplicity 

particles 

6 
8 
10 
12 

* Not calculated 
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Average 
acceptance (%) 

2.4 
9.6 

13.04 
* 



TABLE38. 
Straight line fits of the BS sample and of the SS sample, 

for the 6 track final state sample. 
(a) Pz ~O 

slope, ± tl(slope), 
Pr(GeV) * BS X2 /(DOF = 18) 

**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) P2 >0 

slope, ± tl(slope), 
Pr(GeV) * BS X2 /(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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TABLE39. 
Straight line fits of the BS sample and of the SS sample, 

for the 8 track final state sample. 
(a) Pz ~O 

slope, ± !1(slope), 
Pr (GeV) * BS X2 /(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) Pz >0 

slope, ± !1(slope), 
Pr (GeV) * BS X2 /(DOF = 18) 

** 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) Pz ~O 

slope, ± ó(slope), 
Pr(GeV) * BS X2 /(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 ** 0.028 ± 0.096 1.08 

(b) P2 >0 

slope, ± ó(slope), 
Pr(GeV) * BS X2 /(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. 

(a) P2 ~O 

slope, ± !J.(slope), 
Pr (GeV) * BS X2 /(DOF = 18) 

0.132 * 0.001 ± 0.005 1.25 
0.396 * 0.002 ± 0.004 2.70 
0.660 * 0.010 ± 0.005 2.97 
0.924 * 0.002 ± 0.008 1.92 
1.188 * 0.007 ± 0.020 1.39 

(b) Pz >0 

slope, ± !J.(slope), 
Pr (GeV) * BS X2 /(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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TABLE42. 
A0 polarization for the 8 track final state sample. 

(a) P2 ~O 

f.J,± D.f.J, 
PT(GeV) * Not corrected X2 /(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 2.42 
0.660 ** 0.141 ± 0.038 1.19 

* 0.097 ± 0.046 1.93 
0.924 ** 0.114 ± 0.053 0.70 

* 0.183 ± 0.072 1.18 
1.188 ** 0.231 ± 0.085 0.74 

(b) pz >0 

P, ± D.p, 
PT(GeV) * N ot corrected X2 /(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 Cario A0 polarization for the 8 track final state sample. 

(a) Pz ~O 

f.J J ± /). f.J J 

PT(GeV) * N ot corrected X2 /(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) pz >0 

f.J J ± /). f.J J 

~. (GeV) * N ot corrected X2 /(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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a) 

b) 

e) 

FIGURE 1. 

h1 X 

h2 h 
h +h ---> h+X 1 2 

X 

h +h --->X+ Y 1 2 
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X 

h2----~~~~---=~ h2 

h
1 
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2 
+X 

Three different creation processes. a) SSD, b) DDD, ande) DPE. 
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X 

FIGURE2. 

y 

pbeam Creation Plane 

7z 

-------
Relation between the laboratory coordinate system (XYZ) and 
the creation plane. nx, n, and nz represent the coordinate 
system where A

0 polarization was measured. 
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FIGURE3. Experimental A0 polarization results in inclusive reactions. 
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FIGURE 5. The BNL E766 Multiparticle Spectrometer. 
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FIGURE 6. P: distribution, for the 8 track final state sample. 
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FIGURE 8. 
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Primary Vertex 

Spectrometer elements perspective, showing an 8 track 
reconstructed event. 
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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 10. Pz distributions. a) the 6 track final state, b) the 8 track final 

state, e) the 10 track final state, and d) the 12 track final state. 
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124 



e o.6 ,-------------------------, 

~ 

~ 
:S 0.4 

2 

0.2 

o 

-0.2 

-0.4 

FIGURE 12. A0 polarization for the entire 8 track final state sarnple. 
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FIGURE 14. Comparison between the A

0 polarization, for the 8 track final 
state sample, and Reference 4 inclusive measurements. 
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FIGURE 17b. A0 polarization, for the 8 track final state sample, in various 
kinematic regions. 
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FIGURE 26. A0 polarization, for the 8 track final state sample, without A
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from L - ~ Nn- . We compare with that from the 8 track final 
state sample. 
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FIGURE 29. A0 polarization, for the 6 track final state sample. We compare 
with that from the 8 track final state sample. 
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FIGURE 31. A0 polarization, for the 10 track final state sample. We compare 

with that from the 8 track final state sample. 
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FIGURE 35. K~ polarization, for the 8 track final state sample. 
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FIGURE 37. Acceptance cosfJY distributions, for the 8 track final state 
sample. + -SS sample, + -BS sample. 
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FIGURE 40. Acceptance cos8z distributions, for the 8 track final state 
sample. + -SS sample, +- BS sample. 
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FIGURE 42. A0 polarization, for the 8 track final state sarnple, not corrected 
by acceptance, cornpared with corrected one. 
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FIGURE 43. A0 polarization, for the Monte Carlo 8 track final state sample, 
not corrected by acceptance, compared with corrected one. 
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