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Abstract

We present measurements of yp — K TA differential cross section and A recoil polarization from the
CLAS g11a dataset. The measurements cover the center-of-mass energy range from 1.62 GeV to
2.84 GeV, expanding the observed range of this reaction by roughly 300 MeV. We have analyzed this
reaction via both the K*pr~ and K*p(7™) final state topologies independently and found excellent
agreement. The precision of these g11a measurements improves characterization of this reaction and
displays very good agreement with previous CLAS measurements.

A preliminary partial-wave analysis has also been performed using binned x? fits to giZa dif-
ferential cross section and recoil polarization results as well as previous CLAS glc¢ beam-recoil
polarization results. A model of non-resonant photoproduction has been assembled based upon the
t-channel KT, K*(892), and K;(1270) exchange diagrams. We have found evidence of contributions
of the four-star S11(1650), P;3(1720), and Fy5(1680) states to this reaction near threshold. In the

/s range 1.8 GeV to 2.0 GeV, the data show evidence of the presence of multiple %Jr states and a
single 2 state at /s ~ 1.92 GeV.
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Preface

In looking back on all of the research described in this document, I am amazed. This document
represents a wealth of insight, communication, collaboration, and, most importantly, hard work.
Though in writing this thesis, I have attempted to illuminate many of the facets of the analysis,
both wrong turns and triumphs alike, there are many opportunities that I have had in working with
the Medium Energy Group that are not highlighted. I consider my four years spent with the group
to have been very enriching. In this preface, I give a loosely chronological list of my accomplishments
with the group.

The first project upon which I worked with the Medium Energy Group was the fabrication,
instrumentation, and testing of the Glue-X Central Drift Chamber, the innermost tracking chamber
of the future Jefferson Laboratory experiment. Under the guidance of Curtis Meyer, I worked closely
with graduate student Zebulun Krahn and technician Gary Wilkin, as well as several other members
of the Hall D Collaboration, on many aspects of the project. During the 1.5 years that I spent focused
on the CDC, I learned many useful skills and much about spectroscopy and accelerator experiments.
I consider the countless hours that I spent in front of lathes, oscilloscopes, CAD software, and DAQ
components to have been very valuable. After this work, I have enormous respect for the effort that
it takes to bring an experiment to fruition. I look forward to contributing to the Glue-X experiment
in the future and working with the Hall D Collaboration on the exciting physics that this detector
will investigate.

In the Summer of 2005, I began the early stages of what would become this analysis of KTA
production in glZa. I began by studying yp — K+A and vp — K+X° signal in both the CLAS glc
and g11a datasets. I compared the efficiency of the CMU-developed kinematic fitter to the analysis
cuts of Robert Bradford’s 2005 thesis analysis of g7c. The kinematic fitter proved to be an amazingly
powerful tool for extracting hyperon signal from the g17a dataset. I produced preliminary skims of
vp — KTA and vp — KXY signal from g11a based on the three-track final state (K+pr~) in late
2005. These skims allowed the study channel-specific acceptance and formulation of a suitable set
of analysis cuts.

In early 2006, I focused my analysis efforts on study of the g1la vp — KA channel. As this
document shows, the three-track kinematic-fit-based skim of the dataset was unbelievably clean;
very few further data reduction cuts had to be engineered for its analysis. I produced the first
preliminary differential cross section measurements from the g77a data in late 2006, and was met
with a troubling discrepancy between these and Bradford’s ¢g1c results. In the process of investigating
these discrepancies, I produced a separate analysis of the reaction in the ¢g17a dataset using the K+p
final-state topology; these results agreed well with the three-track results. Investigating and resolving
discrepancies between these and previous analyses occupied the majority of the following year, and
I was relieved to finally find excellent agreement between the CLAS datasets.

In late 2006, I developed a of code that works with the pre-existing CMU partial-wave analysis
suite to project hyperon polarization observables from combinations of partial waves. This method
proved to be extremely powerful and efficient, and my preliminary A recoil polarization measurements
showed agreement with previous data, as well as a significant increase in precision and kinematic
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coverage. It also became evident that projection of these observables from partial-wave fit results
requires significantly less effort than standard polarization extraction techniques. In mid 2007, I
expanded this code to project double-polarization observables C, and C, from fit results. Though
gl1a run conditions do not allow for these polarizations, this code enabled inclusion of gZc¢ double-
polarization results in my partial-wave analysis. These tools are powerful, and I look forward
to expanding this code to encompass all of the KTA polarization observables as results become
available.

In the Fall of 2007, with differential cross section and recoil polarization results in good agreement
with previous CLAS results, I began partial-wave analysis of the yp — KA channel, investigating
contributions of resonant production mechanisms. The synthesis of fitting and interpretation made
this a slow and painstaking process. It quickly became clear that the richness of the channel requires
more polarization information, however the do/dcosf, Py, C,, and C, data used suggest a short
list of promising s-channel intermediate states.

To me, one of the strengths of this document is that it is far from being a closed case. This
analysis settles existing discrepancies in differential cross section results that have stymied progress
toward a complete understanding of resonant contributions. The polarization results herein will be
powerful in weighing theoretical models. Most importantly, the analysis techniques employed here
are powerful tools for investigating this reaction. I look forward to collaborating on such analyses in
the future, and I greatly anticipate the CLAS Collaboration’s forthcoming KA polarization data.
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Chapter 2

Introduction

The strong interaction is the term given to the physics that governs the dynamics of the fundamen-
tal constituents of most matter. Quantum Chromodynamics (QCD) is the theory that represents
physicists’ current understanding of the strong interaction as the interaction between quarks and
by gluons. Among other phenomena, QCD dictates the binding of quarks into composite particles
called hadrons, of which the proton and neutron are the most abundant.

As a physical theory, QCD is quite attractive. Its elegance and compactness are aesthetically and
mathematically pleasing. More pleasing are the rich and complex physical phenomena that arise
from its compact form. As a predictive tool, QCD has had much success with hadrons composed
of higher-mass quarks and processes at very high energies. For such systems, perturbation theory
or effective potentials can be used to approximate the full QCD theory. However, QCD presents
enormous challenges when applied to more common hadrons and energies typical of nuclear physics
(less than a few GeV). Direct QCD calculations for systems such as the proton are beyond our current
computational ability. For this reason, specialized techniques and models have been developed that
allow calculations in this energy regime.

The goal of this analysis is to investigate strong interaction phenomena in the non-perturbative
QCD regime. Specifically, we seek to characterize the physics by which a high-energy photon () and
a proton (p) combine to create two different hadrons, the K meson and the A baryon. We refer to
this full reaction as yp — KA. Using data from the CLAS spectrometer at Jefferson Laboratory,
we have measured characteristic observables of this reaction in the center-of-mass energy range from
1.62 GeV to 2.84 GeV. We then use these measurements to interpret the physical process by which
the 7p initial state becomes the KA final state.

In this chapter, we discuss the motivation for our study of the vp — KT A reaction. We discuss the
theoretical efforts, namely the Constituent Quark Model, to which our analysis is directly relevant.
We also discuss the results of past analyses, both experimental and theoretical, to demonstrate this
analysis’ contribution to the field of nuclear physics.

2.1 QCD and the Quark Model

Quantum Chromodynamics is a remarkable theory. It is elegant and powerful and gives rise to a
wealth of strong interaction phenomena. It does, however, present significant challenges in compu-
tation at energies typical of nuclear processes. In this section, we describe the theory through a
brief comparison to a more familiar theory, Quantum Electrodynamics. We review some of the tools
that have been developed to allow for predictive calculations, namely the relativized Constituent
Quark Model of Capstick and Roberts [1]. These calculations present us with the “Missing Baryons”
problem, to which this analysis is directly related.
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| Flavor | I(JT) [ Mass (MeV/c?) | electric charge (e) |
u-up |11 1.5 t0 3.0 2/3
d - down %(%+) 3to 7 -1/3
s - strange O(%Jr) 95+25 —1/3
¢-charm | 0(7) 1250490 2/3
b - bottom | 0(17) ~4500 -1/3
t-top | 037 ~175000 2/3

Table 2.1: Quantum numbers and masses of the six quark flavors are provided above. I, J, and P
denote isospin, spin, and parity quantum numbers. Masses are given in units of MeV/c? and charge
in units of the electron charge.

2.1.1 Quantum Chromodynamics by Comparison

In order to understand the difficulties associated with applying Quantum Chromodynamics to cal-
culations at nuclear physics energies, we make comparison to a simpler and more familiar theory,
Quantum Electrodynamics (QED). QED describes the electromagnetic interaction between particles
that have electric charge. Interaction is mediated by a massless gauge particle, the photon (7); i.e.
for two charged particles to interact, a photon is exchanged between them. At the most fundamental
scale, there are only two types of processes (called vertices) in QED: a charged particle can emit
or absorb a photon (see Figure 2.1). The strength with which a charged particle emits or absorbs
a photon, called the electromagnetic coupling for a given vertex, is small. From these two simple
vertices, any electromagnetic phenomenon can be understood by constructing all possible ways the
process can occur.

As an example, we consider the Coulomb interaction between two charged particles. Figure
2.1(b) shows the simplest (tree-level) diagram representing this, i.e. exchange of a single photon.
This diagram is built of two vertices: e; emits a photon and ey absorbs the photon (or vice versa).
The diagram in Figure 2.1(c¢) shows another, much more complicated way in which the interaction
can proceed. Because this diagram contains many more vertices, each of which has a small coupling,
the overall probability of this process is much smaller than the tree-level process. Because of this,
QED calculations may omit more complicated diagrams, and perturbation theory may be used to any
desired level of precision. QED is an amazing predictive tool, boasting agreement with experimental
observation to an accuracy of more than ten significant figures [2]. The electromagnetic interaction
is responsible for many composite systems in nature including atoms and molecules. Though the
complexity of these systems scales with the number of particles involved, QED is readily applicable
to simple systems, boasting predictive results such as the Lamb shift.

Similar to QED, Quantum Chromodynamics describes the strong interaction as the interaction
between fundamental fermions, called quarks, mediated by a massless gauge particle called the gluon.
There are six different flavors of quark, summarized in Table 2.1. In QCD, each quark and gluon
possesses an additional degree of freedom called color, an analog of electric charge in QED. Just
as in QED, QCD allows vertices in which a quark emits or absorbs a gluon. However, unlike the
electrically neutral photon of QED, the gluon carries the color charge of QCD, allowing for vertices
composed solely of gluons. Figure 2.1(d) shows the basic vertices of QCD.

Furthermore, the coupling at each QCD vertex is not necessarily a small constant; rather it
is energy-dependent and comparable to unity at low energies. Figures 2.1(e,f) show diagrams that
represent a strong interaction between two quarks. Figure (e) is the simplest process, whereas Figure
(f) represents a calculational mess. As for QED, we wish to calculate the bound states allowed by
the QCD theory. We know from experiment that quark-antiquark pair states, called mesons, exist
and include species such as the 7~ (du quark structure) and the Dt (cd). We are perhaps more
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Figure 2.1: Figure (a) shows the possible QED vertex representing the emission or absorption of
a photon (wavy line) by the charged particle e (straight line). Figures (b) and (c¢) both represent
contributions to the Coulomb interaction between particles e; and es composed of the vertex in (a).
The diagrams in (d) are those allowed by QCD: emission or absorption of a gluon by a quark and
the three- and four-gluon vertices. Figures (e) and (f) show diagrams representing strong interaction
between two quarks.
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familiar with three-quark states, called baryons, which include the proton (uud), neutron (udd), and
more exotic states such as the 2~ (dss).

At high energies, where the QCD coupling is small, the more complicated diagram will have a
small probability relative to the basic diagram and can be ignored. These energies are commonly
referred to as the perturbative-QCD (pQCD) regime, as perturbation techniques can be applied.
QCD is also manageable for meson states composed of heavy quarks (e.g. the T (bb). Because the
large quark masses account for the majority of the total mass (energy) of the system, the quarks
can be seen as slow-moving, and a fully relativistic theory is unnecessary.

At lower energies, typically a few GeV, the QCD coupling is = 1, and the more complicated
diagrams may have contributions equal to that of the basic diagram. In this, the non-pQCD regime,
perturbation techniques cannot be applied, and an infinite number of diagrams must be considered
in any true QCD calculation. Note that the masses of the up and down quarks, the principle
components of the proton, add to only =1% of the proton mass. This suggests the presence of
additional phenomena in the proton or highly-relativistic quarks (or both), which preclude many
model simplifications. Unfortunately, strongly bound systems such as the proton and neutron fall
within this regime.

2.1.2 The QCD Spectrum

Because we cannot use QCD for calculations at nuclear physics energies, calculational tools and
models have been developed. In order to test these tools, however, specific features of the strong
interaction must be isolated that are accessible to both these tools and experiment. Perhaps the
most important of these features, the QCD spectrum, is the driving force behind this analysis and
the baryon spectroscopy studies at Jefferson Lab and other facilities.

In the late 18" and early 19" centuries, several experimentally observed phenomena suggested
the need for a new theoretical framework. Chief among these was the description of atomic spectra.
It had been observed that the light emitted by atoms due to electronic de-excitation (transition from
a higher-energy state to a lower-energy state) came only at certain wavelengths (energies) dependent
upon the type of element. Classical theory could not provide justification for this, as it predicted
a continuous spectrum of energy states corresponding to a continuous photon energy spectrum.
Various explanations were postulated, but no satisfactory theory of the atom was given until Niels
Bohr’s 1913 introduction of the Bohr Model [3]. This model proposed that only discrete values of the
orbital angular momentum of the atomic system (and thus the atomic energy states) were allowed,
a model which described the hydrogen spectrum quite well. This and other phenomena showed the
need for a theory describing the quantized nature of physics at the microscopic scale, and Quantum
Mechanics was conceived.

A similar approach is taken with QCD in the non-perturbative regime. Analogous to the atomic
spectrum created by the electromagnetic force, the strong interaction dictates the formation of
a multitude of bound states. Whereas the nature of an excited atomic state is (in retrospect)
fairly obvious, the highly-nonlinear nature of QCD obfuscates the nature of baryon excitation. It
is believed that excitation could be the result of the dynamics of the three main quarks, gluons,
or quark-antiquark pairs (or combinations of the three). With the laws of Quantum Mechanics in
hand, we know that excited baryon states, called N* states, should exist at discrete intervals. Indeed,
observation confirms this. Figure 2.2 shows the baryon spectrum as revealed in the scattering of
7 mesons on the proton. It is important to note that these experiments considered only 7N final
states; that is they require that an N* can decay to a pion and nucleon to be detected. From
observation of these states, models have been created which attempt to approximate the full QCD
theory.
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Figure 2.2: Shown above are the total cross sections from 7p scattering experiments. The enhance-
ments in o are labeled with N* states that are given a four-star (“existence is certain”) rating by
the PDG [5]. (Image source: [4].)

2.1.3 The Constituent Quark Model and the Missing Baryons Problem

One such model that has found some predictive success is the Constituent Quark Model (CQM). In
this model, only the three main quarks, called the valence quarks, of a baryon state are considered.
Excitations are the result of radial displacements or angular momentum of these quarks. In this
simplified picture, calculations are possible. Table 2.2 lists the N* states predicted by the CQM
calculations of Capstick and Roberts [1], as well as the experimentally observed states. These
particular calculations utilize relativized wavefunctions, though the calculations are not performed
in a fully covariant framework.

Note that the ratio of the number of states predicted by the CQM to the number of observed
states is roughly 4:1. This disparity is called The Missing Baryons Problem and is the primary
theoretical motivation for our analysis. Several possible explanations for this mismatch have been
proposed. Central to this analysis is the hypothesis that, for reasons hidden to us by the complexity
of QCD, not all N* states can be created by (couple to) the 7N system. Until recent years, the
vast majority of data on N* resonances has been from 7N interactions and detection of 7wV final
states. However, experiments have shown production of some N* in yp interactions and decays to
several other hadronic final states. By fully investigating the possible photoproduction and decay of
N* states to other channels, we test the CQM and learn more about the physics allowed by QCD.

2.2 The K™ and A Hadrons

For this analysis, we have probed the structure of the proton using a high-energy beam of photons.
In order to observe this physics, however, we must detect a useful set of final-state particles. Our
choice to examine the KT A final state is motivated by several factors. First, this final state is easily
identifiable with the CLAS detector and allows for easy control of background. In addition, non-zero
couplings of N* states to KA have been predicted [6] and observed in previous experiments [5].
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’ JP ‘ MCQM Mppe Rating H JE ‘ MCQ]M Mppg Rating ‘

1/27 | 1460 1535 Rk 1/2T [ 1540 1440  FERE
1/2= | 1535 1650 R 1/2% | 1770 1710 ok
1/27 | 1945 2090 * 1/2% | 1880

1/2~ 2030 /2% | 1975

1/2= | 2070 1/2% | 2065 2100 *
1/27 | 2145 /2% | 2210

1/2= | 2195

3/27 | 1495 1520  FFRE 1 3/2F [ 1795 1720 Rk
3/27 | 1625 1700 ek 3/2T | 1870

3/27 | 1960 2080 o 3/2% | 1910

3/27 | 2055 3/2% | 1950

3/27 | 2095 3/2% | 2030

3/27 | 2165

3/27 | 2180

5/2- | 1630 1675 ek 52T | 1770 1680 FHFE
5/27 | 2080 5/2F | 1980 2000 o
5/27 | 2095 2200 o 5/2F | 1995

5/27 | 2180

5/27 | 2235

5/27 | 2260

5/27 | 2295

5/27 | 2305

7/27 | 2090 2190 ¥R 7727 1 2000 1990 o
7/27 | 2205 7/2F | 2390

7/27 | 2255 7/2T | 2410

7/27 | 2305 7/2F | 2455

7/27 | 2355

9/2~ | 2215 2250  FRRE 1 9/2F | 2345 2220  FREE
11/2= | 2600 2600 ork

11/2= | 2670

11/2= | 2700

11/2= | 2770

13/2= | 2715

Table 2.2: The table above gives predicted N* states from the Constituent Quark Model calculations
of Capstick and Roberts [1], as well as the associated observed states reported by the PDG. All
masses are given in units of MeV /c?.
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| Hadron | I(J”) | Mass | Charge (e) | Valence quarks | Decay mode [ ¢ |
K+ [ 1(0) | 493.677 MeV/c® 1 ws 4, (63%) | 3.713 m
A o7 | 1115683 Gev/e? 0 uds pr— (63%) | 7.89 cm

Table 2.3: Characteristics of K+ and A hadrons [5]. Here, I, J, and P denote isospin, spin, and
parity quantum numbers. Only the most prevalent decay modes are listed.

We gain access to the physics of excited nucleon photoproduction by analyzing events with a K™
meson and A baryon in the final state. The KT is a pseudo-scalar meson composed of us valence
quarks and has a mass of 493.677 MeV/c?. The A is an electrically-neutral baryon composed of uds
valance quarks and has a mass of 1.115683 GeV/c2. The full quantum numbers of both particles are
summarized in Table 2.3. It is important for the purposes of this analysis to note that the isospin
quantum numbers of the K and A are % and 0, respectively. Thus, the KA final state has a total
isospin of % and cannot couple to the A resonances with I = % Thus, we call the KA final state
an isospin-filter.

It is also worth commenting that K+ and A are the lowest-mass meson and baryon with non-
zero strangeness. As the strong interaction preserves strangeness conservation, the decays of these
hadrons are mediated by the weak interaction. Thus, the particles are relatively long-lived on the
scale of nuclear physics. The K has c¢r = 3.713 m, where 7 is its mean lifetime, making its direct
observation with our detector possible. The A has ¢ = 7.89 cm, a scale smaller than most of
our detector components. Our analysis detects the daughter particles of the A’s main decay mode,
A —pr—.

2.3 ~p — KTA Observables

By considering spin states of the particles involved, we see that the yp — KTA reaction is fully
described by 2x2x2 = 8 complex helicity amplitudes. Parity invariance constraints reduce this num-
ber to 4 independent amplitudes. The pseudo-scalar nature of the K™ meson simplifies study of this
reaction: complete characterization of these amplitudes depends upon measurement of differential
cross sections as well as seven single- and double-polarization observables. The single-polarization
observables T', X3, and P, are the beam and target asymmetries and the A recoil polarization, respec-
tively. The double-polarization observables are the beam-recoil polarization transfers denoted by C,
and C, for circularly polarized photons and O, and O, for linearly polarized photons (subscripts
represent the in-scattering-plane axes). Due to the self-analyzing nature of the predominant A decay
mode, measurement of these polarization observables is simpler than in other reactions. As a result
of this, world data on the KA reaction are relatively extensive and are quickly becoming complete
for energies in the resonance region.

For this analysis, we have used an unpolarized photon beam to study the vp — K+ A reaction,
allowing observation of the differential cross section and A recoil polarization. We have observed
the reaction in a large range of center-of-mass production angles at center-of-mass energies in the
range 1.62 GeV to 2.84 GeV. Measurements of the differential cross section and Py were produced
at 2076 and 1715 (cosOcar, +/S) points, respectively.

2.4 Previous Analyses of vp — KA

At the time of this analysis, the g/7a dataset is by far the world’s largest dataset for strangeness
photoproduction in the resonance region. Several good measurements of the differential cross section



CHAPTER 2. INTRODUCTION 9

and recoil polarization have been made in the past. In this section, we comment on these and show
the necessity of our measurement.

2.4.1 Differential Cross Section Measurements

Experiments have produced measurements of the differential cross section for the yp — K+ A reaction
from as far in the past as 1957. We choose to separate these into three groups: studies performed
before 1973, modern large-acceptance experiments, and modern limited-acceptance experiments.
Below we examine each of these groups and comment on the contribution of our analysis to world
data. The five sets of previous analyses considered in this section are plotted together in Figures
2.3-2.5.

Pre-1973 Studies

The experiments performed in the years prior to 1973 produced measurements at a total of 144
(cos05,,,+/s) points. The results of these studies are summarized nicely in [7]. These measurements
represent the center-of-mass energy range from threshold to /s = 1.91 GeV with a wide sampling
of production angle. Figures 2.3-2.5 show these data present a large amount of scatter and generally
large uncertainties. Relative to more modern, higher-statistics datasets, these results are sparse and
systematically high. As little interpretation of the physics of K+ A photoproduction can be done
with these results alone, we include them here to demonstrate how far experimental techniques have
progressed in the past decades.

Modern Large-Acceptance Experiments: CLAS and SAPHIR

In recent years, measurements of the differential cross section have been made by the CLAS and
SAPHIR collaborations. These measurements are very interesting as they provide the first charac-
terization of the process over a wide /s and angular range. More importantly, these results enabled
several partial-wave analyses of the reaction. At the time of this analysis, large discrepancies existed
between results from the two experiments.

SAPHIR is a large-acceptance magnetic spectrometer at the Electron Stretcher Accelerator fa-
cility at the University of Bonn, Germany. The SAPHIR Collaboration published three separate
studies of the differential cross section in 1994 (Bockhorst et al. [8]), 1998 (Tran et al. [9]), and most
recently in 2004 (Glander et al. [10]). Here, we discuss only the most recent results as they are the
most precise and represent the largest kinematic range. The 2004 results are formed from data taken
in 1997-1998 representing a total of 51977 K+ A data events. These results span the center-of-mass
energy range from threshold to /s ~ 2.4 GeV. The data were separated into 50-MeV-wide bins
in photon energy and 0.1-unit-wide bins in cos8cps. These results are plotted in Figures 2.3-2.5.
Compared to the pre-1973 results, the SAPHIR results present an amazing gain in information. The
results show trends of the differential cross section in production angle as well as /s. As such, these
results were suitable for partial-wave analyses of this reaction.

In 2005, the CLAS Collaboration published differential cross section results (Bradford et al. [11])
from two separate analyses, those of J. McNabb [12] and R. K. Bradford [13]. These results were
from the CLAS gIc dataset collected in late 1999 from which ~ 5.6 x 10° KA events were selected.
The data were separated into 10-MeV-wide bins in photon energy and give coverage in /s from
threshold to 2.53 GeV. Due to the increased statistics, the CLAS results provide a much smoother
description of the reaction than the SAPHIR results, as well as an extension of the observed /s
range by roughly 100 MeV.

Agreement between the two results is quite good for center-of-mass energies below 1.8 GeV.
However, several troubling discrepancies exist at higher /s values. The most noticeable of these
is the overall scale discrepancy; though the SAPHIR error bars are relatively large, the CLAS
results are &~ 20% higher than those of SAPHIR for forward angles. The CLAS results also exhibit
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Figure 2.3: Shown above are previous measurements of the yp — K+ A differential cross section at
backward angles. Each plot displays data in a 0.1-unit-wide cosfcps range versus /s. The legend
at top left indicates the convention for all plots.
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Figure 2.5: Shown above are previous measurements of the yp — K+ A differential cross section at
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interesting shape at /s = 1.9 GeV, whereas the SAPHIR results do not. We see that for intermediate
angles (-0.15< cos 0, , <0.15), the CLAS results show a large enhancement in the differential cross
section in the range 1.8 GeV< /s <1.95 GeV. This same feature is present in the CLAS data at
extreme forward and backward angles where the SAPHIR results once again do not show as much
enhancement. Confirmation of this feature in the differential cross section is very important, as this
type of structure is indicative of resonance production. As a result of the disparity between these
measurements, previous partial-wave analysis findings have been dependent upon the dataset used.
Goals of our analysis include, but are not limited to, investigating the presence of the enhancement
at /s = 1.9 GeV and resolving the scale discrepancy between these two experiments.

Modern Limited-Acceptance Measurements: LEPS

The LEPS experiment at the Spring-8 facility in Hyogo, Japan, has also produced measurements
of the yp — Kt A differential cross section at very forward (Sumihama et al., 2006 [14]) and very
backward (Hicks et al., 2007 [15]) production angles. Though they add relatively few points to the
world data on yp — K+ A, the LEPS measurements at forward and backward angles are important
as the large-acceptance experiments (CLAS especially) cannot provide adequate acceptance at these
angles. For the backward angle measurement, data were separated into two 0.1-unit-wide bins in
cosfcn in the range -1.0< cos 0E,, <-0.8 and six equal-width energy bins covering the /s range
from ~1.92 GeV to ~2.31 GeV. Of these measurements, only the more forward angular bins overlap
with the previous CLAS and SAPHIR results. These results align very well with the previous CLAS
measurements in this angular range, corroborating the scale of the CLAS measurement.

The forward-angle LEPS measurement represents three cos %, , bins in the range 0.7< cos 6%, , <1.0
and 18 bins in the energy range 1.92 GeV< /s <2.31 GeV. Here, comparison to the previous CLAS
and SAPHIR results shows some discrepancy. The SAPHIR results show a more dramatic down-
ward trend in /s than the large-acceptance results. The LEPS results match the enhancement in
the CLAS differential cross section at /s = 1.95 GeV, but for /s >2.15 GeV they show a steeper
decrease with increasing 1/s. When comparing the g17a results in Chapter 7, we consider the LEPS
measurements where these discrepancies exist.

2.4.2 A Recoil Polarization

As discussed above, the self-analyzing nature of the A — pr~ decay allows for extraction of the A
spin polarization. Figures 2.6 and 2.7 show these results in bins of center-of-mass production angle
versus /s. Measurements of the single-polarization observable, Py, have been made since the early
1960s. As with the differential cross section data, experiments between 1960 and 1978 produced
limited results; by 1978, the world data for the A recoil polarization included measurements at only
27 values of (1/s,cosfcyr), which can be found in [16, 17, 18, 19, 20, 21]. The majority of these
points are for middle production angles and in the region /s < 1.76 GeV. We omit these points
from Figures 2.6 and 2.7 as they present a considerable amount of scatter, and comparison with the
more modern data is not particularly enlightening.

More recent measurements of P, have been made with high-statistics datasets from the CLAS,
SAPHIR, and GRAAL collaborations. In the same publication as their 2004 differential cross section
measurements [10], the SAPHIR Collaboration published Py measurements at 30 kinematic values.
These measurements stretched the statistics to their limits, and consequently, the range in /s
associated with each point is sizable.

The CLAS Collaboration published measurements of the recoil polarization in 2004 [22], which
were taken from the gic dataset. These measurements considered only the lower-beam energy
production run, limiting results to the range /s < 2.3 GeV. The roughly 3 x 10° data events were
separated into 0.2-unit-wide cos s bins and, in most cases, 50-MeV-wide bins in photon energy.
In some regions of phase-space, energy binning was coarser to bolster statistics for each point. At
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Figure 2.6: Shown above are P results from previous analyses of yp — K'A at backward and
middle production angles. Each plot represents data in the 0.2-unit-wide cos Gg o range indicated.
Marker convention is given at top left and is the same for all plots.
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backward angles, the SAPHIR and CLAS results show fair agreement; error bars are large enough
to account for differences in most regions. At extreme forward angles, however, there is a notable
discrepancy between the two results; the SAPHIR results show a more negative polarization than
the CLAS results in the /s range 1.8 GeV to 2.05 GeV. Because of the coarseness of the SAPHIR
data, we cannot use comparison to discern whether interesting shapes in the CLAS results (e.g.
Vs = 2.05 GeV and forward angles) are attributable to physics or statistical variance.

Very recently, the collaboration at the GRAAL facility in Grenoble, France, published recoil
polarization measurements at 65 kinematic points [23]. Binning in energy is roughly equal to that
of the CLAS result (= 50 MeV in photon energy), and measurements were taken at six fixed lab
production angles yielding center-of-mass angles of roughly 35°, 60°, 80°, 100°, 120°, and 140°.
Though these results occupy a smaller range of /s (< 1.91 GeV) than the CLAS and SAPHIR
data, they offer a satisfying amount of consistency. With comparisons to these data, we are able
to scrutinize the CLAS measurements. We see that at forward production angles, where the CLAS
data shows a significant amount of fluctuation, the GRAAL results are smooth and agree well with
the SAPHIR data. Agreement between the three results is good in other kinematic regions.

2.4.3 Other Polarization Observables

Recently, several large-acceptance mesurements of the polarization transfer and target asymmetry
observables have been made by the CLAS and GRAAL Collaborations. In 2005, the CLAS Collbo-
ration (Bradford, et al. [84]) published measurements of C,, and C, from the g1c¢ dataset. Cy, and C,
are the beam-recoil polarization transfer observables accessible with the use of a circularly polarized
photon beam; they characterize the tranfer of polarization from the photon to the A in the z- and
z-directions, respectively. (These observables are described in greater detail in §9.1.) The CLAS
measurements cover the /s range from 1.679 GeV to 2.454 GeV. The data represent 0.2-unit-wide
bins in cos0%,,. Figure 2.8 shows all of the CLAS C,, and C, measurements versus /s in bins of
cos08,,.

In 2008, the GRAAL Collaboration (LLeres, et al. [23]) published measurements of the linear
beam-recoil polarization observables, O, and O,/, as well as the target asymmetry, T. O, and
O, are the analogs of C, and C, for linearly polarized incident photons. The target asymmetry
is a measure of the asymmetry in production from target protons with opposite polarizations. The
GRAAL measurements encompass the /s range from 1.649 GeV to 1.905 GeV and a wide range
of center-of-mass production angles. We note that the GRAAL measurements have been made
in a different (but related) reference frame than the CLAS measurements (hence the primed axis
indicators). Figure 2.9 shows the GRAAL measurements versus center-of-mass production angle in
bins of /s.

These measurements are exciting in that they show world progress toward full characterization
of the yp — K™TA reaction. In this analysis, we make use of the CLAS beam-recoil observable
measurements as further constraints on our partial-wave analysis (see Chapter 9). The GRAAL
results were published too recently to be incorporated into our study, though inclusion of these data
are planned for the near future.

2.5 The Call for a g11a Measurement

Of course, the mere existence of the glla dataset does not warrant an additional study of the
vp — KA reaction. However, in light of the discrepancies we have described above, our glla
measurements add much to the world data. Our measurement is the most precise to date, boasting
the finest /s binning and experimental uncertainties equal to, and in many regions smaller than,
those of the previous CLAS measurements. This refinement of characterization of the reaction will
lead to more accurate interpretation via partial-wave analyses. There are also several specific issues
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Figure 2.8: The plots above show the beam-recoil polarization transfer results published by the
CLAS Collaboration in 2005 [84]. Each plot shows results at a fixed cos 05,, value (indicated above
each plot) versus v/s. C, is shown in red circles and C, is shown in black triangles.
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Figure 2.9: The plots above show the beam-recoil polarization transfer observable (O, and O,/)
and target asymmetry (7)) results published by the GRAAL Collaboration in 2008 [23]. Each plot
shows results at a fixed /s value (indicated above each plot) versus cos65,,. O, is shown in red
circles, O,/ in black triangles, and T in open blue circles.
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Figure 2.10: Shown above are the Feynman diagrams typical of isobar models (for example [24] or
[25]). The top row shows (from left to right) the non-resonant s-, t-, and u-channel diagrams. The
diagram at bottom shows s-channel production through an excited nucleon state.

which we seek to address with our measurements. The discrepancy in scale between the previous
CLAS and SAPHIR differential cross section results is troubling. Though our analysis uses the same
detector as the previous CLAS results, the run conditions and analysis methods are distinct enough
that we may test the previous results. We also seek to investigate the enhancement of the differential
cross section at /s & 1.9 GeV. The results of previous analyses of excited nucleon resonances in this
reaction have depended strongly upon which differential cross section data is considered. Finally,
the energy range covered by the gi1a dataset will allow for characterization of the reaction in a
/s region which is dominated by non-resonant processes, yet not far-removed from the resonance
region. Our results in the range 2.6 GeV< /s <2.84 GeV will certainly shed new light on theoretical
treatments of non-resonant production.

2.6 Previous Partial-Wave Analyses

Because polarization measurements for the yp — KTA reaction are so readily available, various
partial-wave analyses of this channel have been performed. Before we discuss the N* resonance
results of these analyses, however, it is important to discuss the non-resonant terms used in various
models. Unlike other reactions, such as yp — pw, there is no clear choice of ¢- and wu-channel
(non—resonant) processes for strangeness production. Furthermore, coupling constants associated
with many of the vertices of possible non-resonant diagrams (e.g. the KTpA coupling) have not
been directly observed, adding more uncertainty to models. In the absence of a clear non-resonant
picture, two major model types have been developed.

The isobar models, most notably of Thom [24] and Mart and Bennhold [25, 26], characterize the
non-resonant contributions to KA photoproduction via effective-Lagrangian diagrams describing ¢-
and u-channel exchanges. Mechanisms typically considered are shown in Figure 2.10. The diagrams
included in analyses are varied. Most isobar analyses contain at least the diagrams called the Born
terms: the s-channel proton exchange, t-channel K+ exchange, and u-channel A exchange. In any
analysis, however, even these most basic diagrams are given free coupling constant and form-factor
parameters, as these values are not experimentally measured. Inclusion of further diagrams, such as
the u-channel excited hyperon exchanges (A(1405) and ¥(1385)) of [27] has also shown interesting
results.
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A second method, investigated principally by the group at Ghent [28] and Guidal, Laget, and
Vanderhaeghen [29], has been to model the ¢-channel exchange of strange mesons with Regge prop-
agators rather than Feynman propagators. The Regge propagator is an elegant technique which
describes the exchange of an entire family of particles characterized by the same quantum num-
bers but different spins (J). In this method, exchanges of high-J mesons likely to occur at high
center-of-mass energies are considered. As such, Regge model builders have found it necessary to
use high-energy data (E, ~ 16 GeV [30]) as constraints. We note that prior to this analysis, all
world data for KA photoproduction in the resonance region has been at /s < 2.53 GeV. At these
energies there is no way of safely separating resonant and non-resonant production mechanisms.
Thus, previous partial-wave analyses have fit all processes simultaneously and found varying results
for non-resonant production based on the resonant structures included [28].

We now present the results of several recent partial-wave analyses of the yp — KTA reaction.
The analysis of Mart and Bennhold [25] applied the tree-level isobar model to SAPHIR differential
cross section data and found contributions of the S11(1650), P11(1710), and P;3(1720) states as well
as evidence for the existence of a “missing” D;3 state at 1894 MeV. This analysis has been developed
into the Kaon-MAID code, available at [31]. It was then shown in both [32] and [33] that features
in the SAPHIR data at /s ~1.9 GeV could be described by tuning non-resonant models and the
need for a missing state was ambiguous. Further analysis of this data showed that a missing state
in this energy range could help to explain the data, but its quantum numbers were not constrained
by the data. An analysis [34] of early SAPHIR and CLAS data as well as 7N scattering data
found contributions from S11(1650), P13(1720), and P;35(1895) states. From these varied results, it
is apparent that these early data were not enough to provide conclusive results.

There have also been analyses since the publication of the 2004 CLAS recoil polarization and
later CLAS differential cross section measurements. The 2006 analysis from the Ghent group [28] an-
alyzed forward-angle data in a Regge-plus-resonance approach and found evidence for the S11(1650),
P11(1710), and P;3(1720) states near threshold and Py5 and Pj; states at 1.9 GeV. In a dynamical
coupled-channel analysis with the yp — pn, Julid-Diaz et al. [35] found the need for an S;; state at
/s = 1.9 GeV. Most recently, a coupled channel analysis by Sarantsev, et al. [36] showed evidence
of the coupling of the S11(1535), S11(1650), and Py3(1720) to KA at threshold. Evidence for newly
observed P;1(1840) and D;3(2170) states was found.

The lack of consistency in partial-wave analysis results is not due to a lack of effort. These
analyses represent great ingenuity and dedication to the field. We remind the reader that five
N* states have been observed to couple to this channel near threshold [5]. Performing a partial-
wave analysis in such a region where many partial waves may contribute is extremely difficult and
requires data of high precision. As a more accurate picture of non-resonant production mechanisms is
assembled and more polarization measurements performed, results should converge. We are fortunate
that an easily analyzable channel such as KT A seems to provide so much resonant contribution.

2.7 Summary

The self-analyzing nature of the A — pr~ decay and the relatively simple spin structure of the
vp — K+A reaction make it an excellent candidate for searches for excited-nucleon intermediate
states. As a clearer picture of the full excited-nucleon spectrum is formed, the accuracy of the
Constituent Quark Model can be truly evaluated and the contribution of valence-quark degrees of
freedom to QCD can be assessed. Experiments performed in the last fifteen years have added a
great deal of data to our knowledge of this reaction, but inconclusive and inconsistent partial-wave
analysis results suggest that more precise measurements are needed. In Chapter 7, we present our
high-precision measurement of the yp — KTA differential cross section and recoil polarization. In
Chapter 9, we use these measurements in a mass-independent partial-wave analysis in search of N*
states.



Chapter 3

Thomas Jefferson National
Accelerator Facility and the CLAS
Detector

This analysis focuses on the g17a dataset collected in Experimental Hall B of the Thomas Jefferson
National Accelerator Facility (TJNAF, JLab) in Newport News, Virginia. Though this analysis
investigates the yp — KA reaction, it should be noted that the g7a dataset was initially intended
for another purpose. The data were collected in the Summer of 2004 as a part of the E04021 exper-
iment (Spectroscopy of Excited Baryons with CLAS: Search for Ground and First FExzcited States),
a high-statistics search for the ©F pentaquark [37]. The run employed a loose trigger that allowed
acquisition of final states that were not candidates for @ production. At the time of its collection,
gl1a was the world’s largest dataset for many photoproduction reactions in the non-pQCD energy
regime.

The g11a run conditions called for a tagged photon beam incident on a liquid Hydrogen target.
The CEBAF Large Acceptance Spectrometer (CLAS) Detector was used to observe multi-particle
final states with roughly 60% coverage of the full 47 solid angle. All of the g77a runs included in
this analysis were produced with tagged bremsstrahlung from a 4.023 GeV electron beam incident
on a gold foil. The CLAS tagger hodoscope allowed measurement of photons with energies between
20% and 95% of the beam energy, producing data with center-of-mass energies between 1.55 GeV
and 2.84 GeV. In its entirety, g11a is comprised of ~20 billion triggers stored as 21 TB of raw data.

This chapter provides details of the experimental setup including CEBAF, the Hall B tagger, the
CLAS detector, and triggering.

3.1 Continuous Electron Beam Accelerator Facility (CEBAF)

The Continuous Electron Beam Accelerator Facility (CEBAF) at Jefferson laboratory is a 6 GeV
end-point energy electron accelerator designed to deliver electron beam to each of JLab’s three
experimental halls. An aerial view of JLab is displayed in Figure 3.1. CEBAF is set apart from
previous accelerators using electromagnetic probes (SLAC, DESY, etc.) in its use of superconducting
radio-frequency (RF) cavities for electron acceleration. The superconducting nature of the cavities
provides two benefits to the overall acceleration: (1) the accelerator is more efficient as no energy
is lost by electrons in the cavities, and (2) the non-resistive transmission of electrons through the
cavities does not raise the cavities’ temperatures. The second of these features allows CEBAF to
attain a 100% duty factor, as no down-time needs to be devoted to cooling the conducting elements

21
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Figure 3.1: An aerial view of CEBAF. The accelerator ring lies underneath the “racetrack”-shaped
figure in the top half of the picture. The experimental halls are underneath the three grassy knolls
at the bottom of the picture. The CLAS detector is housed in Hall B, the middle hall. Image source:
[38].

of the accelerator. This continuous delivery of electrons to the experimental halls allows for high
data rates even at low beam currents, conditions ideal for coincidence experiments.

The injector is the source of CEBAF’s electron beam. Free electrons are produced by three
lasers (one for each experimental hall), independently pulsed at 499 MHz, incident on a GaAs
photocathode. Use of three separate lasers allows for independent tuning of beam characteristics
(current, polarization) for each experimental hall. The three lasers are pulsed 120° out of phase,
matching the accelerator’s overall frequency of 1497 MHz, with each experimental hall receiving
electron bunches at 2 ns intervals. The electron bunches are then accelerated to 45 MeV via 2 1/4
RF cavities [39]. To insure that the three interleaved beams will be independently accessible, the
electron bunches are cleanly separated using an optical chopper before being injected into the main
accelerator.

CEBAF’s main physics machine is a 7/8-mile recirculating “racetrack”-shaped accelerator. The
accelerator’s power lies in the 168 superconducting RF cavities in each of two parallel Linear Ac-
celerators (LINACs). Recirculation is achieved by bending magnets in the curved portions of the
tracks (see Figure 3.2); electrons may pass through the pair of LINACs up to five times before being
diverted to one of the experimental halls. A pass through each of the LINACs adds up to 600 MeV
to the beam energy; the maximum energy attainable by the full five passes through the loop is
approximately 6 GeV. The 168 RF cavities in each of the LINACs are grouped into 20 cryomodules,
which cool the cavities by immersion in liquid helium to a temperature of 2 K. At this temperature,
the cavities are well within the superconducting regime of niobium [41] and thus transmit electrons
non-resistively. A photograph of a typical pair of superconducting RF cavities is provided in Fig-
ure 3.3. The accelerating gradient is produced by generating 1497 MHz standing RF waves in the
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Figure 3.2: A schematic diagram of the Continuous Electron Beam Accelerator Facility. Shown in red
are the LINACs composed of 168 (each) superconducting RF cavities grouped into 20 cryomodules.
At top right is an exploded view of the recirculation arcs showing the five separate magnet assemblies
for up to five beam passes. Experimental halls are shown at lower left. Image source: [40].

Figure 3.3: Shown above is a pair of superconducting niobium RF cavities. The cavities are the
innermost component characterized by the elliptical bulges perpendicular to the beam line. Image
source: [38].



CHAPTER 3. JLAB AND THE CLAS DETECTOR 24

Figure 3.4: A schematic diagram of the superconducting RF cavity. Accelerating fields are estab-
lished by charge accumulated on the inner tangs of the RF cavity (shown in diagram). These excess
charges are the result of standing RF waves in the cavity. The phase of the waves follows the position
of the electron bunch in the cavity, ensuring a positive force on the electrons at all times. Image
source: [38].

cavities. The phase of the waves is matched to the electron bunches, creating a positive electric
force on the electron bunches at all times (see Figure 3.4) [39]. Each RF cavity is independently
instrumented to grant the accelerator a high degree of tunability.

Once a beam bucket has passed through the accelerator the desired number of times, it can be
separated from the other two beams and sent to one of three experimental halls. At the end of
the south LINAC (see Figure 3.2), the three beams are fanned out according to their energy.RF
separator cavities make use of the 120° separation to divert specific electron bunches to a desired
hall [39]. This feature allows Jefferson Laboratory to perform experiments requiring different beam
energies and currents simultaneously. Though CEBAF is capable of delivering five-pass beam to
Halls A, B, and C simultaneously, it cannot provide two halls with a single lower energy.

3.2 The Hall B Photon Tagger

For photoproduction experiments, the CEBAF electron beam is used to produce bremsstrahlung
photons via a gold foil radiator. The high atomic number and density of gold make it an excellent
catalyst for the epeam +Au — e} .+ Au' + Tbremsstrahlung reaction. Because the bremsstrahlung
photons produced are not mono-energetic, Hall B is equipped with a powerful photon tagger that
uses a large magnetic spectrometer to measure the energy of recoiling beam electrons. The energy
of the bremsstrahlung photon is then calculated from energy conservation. A schematic diagram of
the Hall B photon tagging system is given in Figure 3.5.

3.2.1 Radiator

Several different radiator foils are available for conversion of electron beam into bremsstrahlung
photons in Hall B. For the gI1a data-taking runs, the thickest of these was used, a gold foil with a
thickness of 10~* radiation lengths (646 ug/cm?). A thinner foil (1075 radiation lengths) was used
for “normalization runs,” which are not included in this analysis.
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Figure 3.5: A schematic diagram of the Hall B photon tagging system. The Hall B photon tagger
allows indirect measurement of photon energy. The energy of a recoil electron is measured by the
tagger spectrometer (tagger magnet and hodoscope). The energy of the associated bremsstrahlung
photon is then ascertained from energy conservation. The bremsstrahlung beam is then collimated
and passed to the CLAS detector. Image source: [42].

3.2.2 Magnetic Spectrometer

The Hall B photon tagging system is a magnetic spectrometer designed to measure the energy of the
recoiling electrons directly after interaction in the radiator. The photon tagger uses a 1.75 T max-
imum field, normal-conducting dipole magnet to bend both recoiling and non-interacting electrons
out of the beamline. Those electrons which did not interact with the radiator (and thus have an
energy equal to the beam energy) are bent out of the beam line and discarded in the beam dump.
Recoiling electrons (those that did interact with the radiator) are bent into the two hodoscope
planes below the tagger magnet. Though the tagger magnet was designed to provide a resolution of
2 x 1074 x Eyeam» the ultimate resolution of the tagger spectrometer is limited to 1073 x Eyeam
by the hodoscope resolution. The tagger’s magnetic field is engineered to redirect recoil electrons
with energies between 20% and 95% of the beam energy into the hodoscope.

The tagger hodoscope is comprised of two planes of scintillator detectors, each with a different
purpose. The top plane consists of 384 thin scintillator paddles that determine the momentum of
the recoiling electron (this plane is referred to as the E-plane). These E-plane scintillators are 20 cm
long, 4 mm thick, and range in width from 8 cm to 16 cm. The thinness of the scintillators makes
the energy lost by electrons as they pass through the material small. To give the effect of further
segmentation and thus better resolution, the scintillators are arranged in an overlapping formation.
The scintillator overlap increases the effective number of E-counters to 767 for an energy resolution of
~ 1073 x Fyeam- The lower scintillator plane determines precise timing information of the recoiling
electrons (hence called the T-plane). The T-plane lies 20 ¢cm below the E-plane and is made up of
61 scintillators (T-counters). The T-counters are 2 cm thick, which results in a timing resolution
of 110 ps. All scintillators in both the T and E-planes are arranged so that electron trajectories
are normal to their surfaces. A detailed schematic of the tagger magnet and hodoscope is given in
Figure 3.6.
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Figure 3.6: A schematic diagram of the Hall B tagger magnet and hodoscope. Dashed lines show
the trajectories of recoil electrons associated with photons of given energies (Ey is the beam energy).
The photon tagger detects recoil electrons with energies between 0.2 x Ey and 0.95 x Ey. E-counters
cannot be seen individually because of their fine segmentation. Image source: [42].

3.2.3 Tagger Readout and Logic

E-counter scintillators are each instrumented with a single photomultiplier tube (PMT), the signals
of which are passed to a discriminator. T-counter scintillators are instrumented with a PMT at each
end feeding a constant fraction discriminator (CFD). T-counter signals that pass the CFD are sent
to a Master Or (MOR) and a time-to-digital converter (TDC) array. The TDCs allow access to
precise timing information for each T-plane hit as well as the total number of hits recorded in the
tagger. The total number of recoil electron hits in the tagger allows calculation of energy-dependent
photon flux. The timing information of individual electrons is used to associate events recorded by
the detector with individual photons during offline analysis. The T-counter MOR is used to set the
gl1a event trigger, which then sends a stop signal to the E-counter TDC array. E-counter readout
associated with this trigger is then written to the data stream along with T-counter readout that
set the trigger. A schematic of the Hall B tagger logic is provided in Figure 3.7.

Before reaching the CLAS detector, the produced photon beam passes through three collimators.
Any charged particles created by interaction of the photon beam and collimators are removed from
the beamline by two sweep magnets placed between the collimators. A more detailed exposition of
the Hall B Photon Tagger can be found in [42].

3.3 The CLAS Detector

The main physics detector in Experimental Hall B is the CEBAF Large Acceptance Spectrometer
(CLAS) Detector. CLAS is comprised of several detector subsystems, not all of which are useful
for every experiment. The gl1a run period used the start counter, drift chambers, time-of-flight
scintillators, and toroidal magnet, as well as a gI1a-specific physics target. The detector components
that were used for the ¢g11a production run will be described in greater detail below. A photograph
and schematic drawing of the CLAS detector are given in Figures 3.8 and 3.9, respectively.

It is worth mentioning that CLAS has two other detector subsystems that are used primarily for
electroproduction experiments. CLAS has a gas Cerenkov detector that is composed of 216 optical
modules. In electroproduction experiments, the gas Cerenkov detector is used to distinguish recoil
electron tracks from = tracks produced in the target [43]. CLAS is also equipped with forward
electromagnetic lead-scintillator calorimeters (EC) that are used primarily for electroproduction
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Figure 3.7: A schematic diagram of the Tagger instrumentation logic. Individual T- and E-counters
are shown on the left-side of the diagram. T-counter hits are used to set the event trigger. The
CLAS Level 1 trigger then provides a common stop to the E-counter TDC array. Image source: [42].

experiments. The EC serves several purposes including functioning as the main electron trigger
for electroproduction experiments and detecting neutrals (v and n). More information about these
detector subsystems can be found in [43] and [44].

3.3.1 The g11a Cryotarget

CLAS’s versatility as a detector has allowed the use of several target geometries and materials during
production runs. The cryotarget cell used for the gI1a run period was a cylindrical Kapton chamber
40 cm in length with a 2 cm radius [45]. The target material used was liquid Hy. A schematic of the
gl1a cryotarget is provided in Figure 3.10. Measurements of the target’s temperature and pressure
were taken approximately once per hour. Calculations of target density for each run have been made
by M. Williams. The target density averaged over runs has been calculated to be 0.07177 g/cm?
with relative run-by-run fluctuations of about 0.1% [4].

3.3.2 Start Counter

The triggering scheme of the g11a run period benefited from the installation of a new start counter
detector. The start counter is a PMT-instrumented scintillator detector that surrounds the CLAS
cryotarget (see Figure 3.11). The start counter is divided into six sectors (matching CLAS), each
of which is constructed of four independently-instrumented scintillator strips. Timing resolution
of the start counter is ~400 ps. Raw timing information from the start counter was not used for
this analysis; however, start counter contributions to the trigger efficiencies played a large role in
the analysis of the yp — KA reaction in g/7a (see §8.3.3). More information on the CLAS start
counter can be found in [46].
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Figure 3.8: A photograph of the CLAS detector. This picture of CLAS was taken from the down-
stream direction. The six sections visible are the region-3 drift chambers. TOF scintillators are
pulled away from the drift chambers and can be seen at left. Image source: [38].
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Figure 3.9: A schematic diagram of the CLAS detector. Detector subsystems are color-coded as
follows: drift chambers shown in violet, toroidal magnet in light blue, TOF scintillators in red,
Cerenkov detectors in dark blue, electromagnetic calorimeters in green. Image source: [38].
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Figure 3.10: A schematic diagram of the gi11a Cryotarget. The cryotarget cell used for the gila
run period was designed by Steve Christo [45]. It was 40 cm long, 4 cm in diameter and filled with
liquid Hy. Image source: [45].

3.3.3 Superconducting Toroidal Magnet

As a magnetic spectrometer, CLAS’s analysis power lies in its magnetic field. CLAS’s magnet is a
superconducting toroidal magnet composed of six kidney-shaped coils connected in series, designed
and tested by Oxford Instruments, Ltd. in Witney, UK. The toroidal magnet is capable of generating
a maximum field strength of 3.5 T at an operating current of 3861 A. The six-fold cylindrical
symmetry of CLAS is matched by the magnet geometry; the six torus coils are arranged at 60°
intervals about the beamline. The magnet coils are located between the Region-1 and Region-3
drift chambers, restricting the bulk of the magnetic field to the volume encompassed by the tracking
detectors. The torus coils are cooled to a temperature of 4.4K using liquid He supplied by CEBAF’s
central cryogenic facility. A photograph of the CLAS superconducting toroidal magnet is given in
Figure 3.12.

For the g11a run period, the torus was run with “normal polarity” at a current of 1920 A. This
configuration created a maximum field of ~1.8 T in an anti-clockwise direction about the beamline
when viewed from upstream. Thus, positively-charged tracks were bent away from the beamline,
negative tracks towards the beamline. Operating at half of the maximum field strength, though a
compromise in overall momentum resolution, allowed a greater acceptance for negatively-charged
particles. More information regarding design and testing of the CLAS superconducting toroidal
magnet can be found in [47].

3.3.4 Drift Chambers

CLAS is equipped with three drift chamber detector systems that detect charged tracks as they
propagate through the detector. The drift chambers are divided into three regions (see Figure 3.13).
Region 1 lies between the physics target/start counter and the innermost part of the toroidal magnet
coils. The Region 2 drift chambers occupy the region of CLAS with the strongest magnetic field.
The Region 3 drift chambers are the outermost tracking chambers, located outside of the magnet
coils. The magnetic field strength is minimal in Regions 1 and 3.

Each region of the CLAS drift chambers is divided into six sectors, each of which subtends
slightly less than 60° of the plane perpendicular to the beamline. Each sector of each drift chamber
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Figure 3.11: A schematic diagram of the CLAS Start Counter. The start counter used for the
gl1a run period is a six-sector scintillator detector. Each sector is composed of four independently-
instrumented scintillator strips. Image source: [46].

is composed of two superlayers. The superlayers house an array of drift cells defined by six 140 pum
gold-plated Al field wires in a normal-hexagonal configuration around a 20 pym gold-plated tungsten
sense wire. The drift cells are arranged such that adjacent cells share two field wires. The radius
of drift cells ranged from 15-17 mm in Region 1 to 26-29 mm in Region 2 to 40-45 mm in Region
3. In each sector, one superlayer had wires oriented in the plane perpendicular to the beam line.
The wires in the other superlayer were oriented at a 6° angle out of this plane to improve resolution
in the ¢-direction. The drift chambers were filled with a gas mixture of 90% Ar and 10% COs.
During operation, field wires were kept at a negative high voltage, creating a potential difference
between them and the sense wires. Electrons freed by charged tracks ionizing the gas mixture ionized
additional gas molecules as they travel toward the positively-charged sense wires. The collection of
these electrons registered as an electrical pulse by the sense wires. Signals from the sense wires were
processed by preamplifiers and amplifier discriminator boards before being recorded by TDCs. A
more detailed exposition of the CLAS drift chamber system design, fabrication, and testing can be
found in [48], [49], [50], and [51].

3.3.5 Time-Of-Flight Detectors

The final CLAS subsystem that is essential to this analysis is the Time-Of-Flight (TOF) scintillator
shell. The TOF shell subsystem provides precise timing information for charged tracks as they
exit CLAS. The TOF shell is a six-fold-segmented array of scintillator bars that are located about
4 m from the CLAS target and oriented perpendicular to the beamline. Each sector of the TOF
shell is made up of 57 individual scintillator bars fabricated from Bicron BC-408 material. As the
majority of tracks travel trough the forward region of CLAS (at an angle less than 45° from the
beamline), scintillator bars in this region are narrower (15 cm). At less forward angles (greater than
45° from the beamline), TOF scintillators are wider (22 cm) (see Figure 3.14). The lengths of TOF
scintillators varied from 32 to 445 cm, as dictated by the shape of the sectors. All scintillator bars
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Figure 3.12: Photograph of the CLAS Superconducting Toroidal Magnet. Image source: [47].

in the TOF shell are 5.08 cm thick, a dimension that provides robust signal for minimum-ionizing
tracks.

The TOF scintillators are each instrumented with two PMTSs, one coupled to each end of the
bar via a short Lucite light-guide. The eighteen least forward scintillator bars are coupled in nearest
neighbor pairs, reducing them to nine effective scintillators. The timing resolution of the scintillators
is between 80 and 160 ps. This wide range in timing resolution is due to the wide range in scintillator
lengths.

Because of its excellent timing resolution and acceptance of charged tracks, the TOF shell was
an important part of the gf7a trigger. The TOF shell was also designed with the goal of aiding
7w /K separation for track momenta up to 2.0 GeV/c; thus, we relied heavily on the TOF detector
for particle identification in this analysis. Further details concerning the design, construction, and
testing of the TOF detector subsystem can be found in [52].

3.4 Beamline Devices

Physics experiments in Hall B benefit from several instruments used for beamline diagnostic studies.
For gila, instruments for measuring beam position and profile were located upstream from the
CLAS detector. Beam positioning information was gathered by RF-cavity beam-position monitors
(BPMs) located 36.0 and 24.6 m from the physics target [53]. Beam profile was measured with harp
scanners, tungsten and iron wires that were pulled through the electron beam in the two directions
perpendicular to the beamline. Electrons scattered by the harp wires were detected by PMT arrays
located upstream from CLAS. Harp scanners were located at 36.7, 22.1, and 15.5 m upstream from
the CLAS target.

Instruments for measuring photon flux were located downstream from the CLAS detector. The
total absorption shower counter (TASC) was a lead-glass scintillator array, assumed to have a 100%
photon detection efficiency. The TASC could not be used with the higher-current g17a runs, and thus
was only used for several lower-current “normalization” runs. Though not used during production
runs, the TASC was a vital piece of hardware because it was used to calculate the tagging ratio of
the tagger t-counters (the fraction of hits in the tagger t-counters that corresponded to photons that
actually made it to the target). Another piece of diagnostic hardware, the pair spectrometer (PS),
measured the rate of production of eTe™ by an aluminum converter placed in the beamline. The
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Figure 3.13: Diagram of the CLAS Detector Subsystems (cutaway). This image shows the locations
of several detector subsystems inside of CLAS. Toroidal magnet coils are represented by the kidney-
shaped dashed lines. The three different drift chamber regions are labeled. Shown are two positively-
charged tracks being bent by the magnetic field in the volume between Regions 1 and 3. Image source:
[48].

Figure 3.14: Diagram of the CLAS time-of-flight scintillators. Shown is one sector (one sixth of
CLAS) of the TOF scintillator shell. Scintillator bars are instrumented with PMTs are each end.
Image source: [52].
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PS was used during production runs, but was calibrated against the TASC during normalization
runs. The pair counter (PC) utilized a four-scintillator array to detect ete™ pairs created by a thin
aluminum foil in the beamline. The PC was used to monitor photon beam profile downstream of
the CLAS detector.

3.5 glla Triggering and Data Acquisition

The g11a data run was designed for a somewhat specific purpose: to investigate the existence of
a pentaquark state. To reduce the number of background events in the dataset, g11a used a more
restrictive trigger than other CLAS production runs. For a given event to be recorded, it had to
set both the tagger Master OR, (MOR) and the CLAS Level 1 trigger within a coincidence window
of 15 ns. To reduce the number of recorded events with center-of-mass energies below that of the
theorized pentaquark, only the 40 tagger T-counters corresponding to the highest energy photons
(E, > 1.56 GeV) were included in the MOR. Events created by lower-energy photons were recorded
only when a higher-energy photon was present in the same timing window. For an event to set the
CLAS Level 1 trigger, a coincidence between the start counter and TOF paddles had to be observed
in two separate sectors. The window for TOF and start counter coincidence was set to 150 ns [4].
This constraint requires an event to have at least two charged tracks in order to be recorded. Once
an event passed the glla trigger, the data acquisition system (DAQ) collected from all detector
subsystems information that was necessary for analysis.

3.6 Summary

Though not its main purpose, the g11a dataset collected by the CLAS Detector in Hall B at Jefferson
Laboratory is well-suited to study of hadron photoproduction in the non-perturbative QCD energy
regime. Our analysis of KA photoproduction in gZZa benefits greatly from the tagged photon
beam created by CEBAF and the energy resolution of the Hall B photon tagger. In this chapter, we
have described the construction and motivation of the CLAS detector. In the next several chapters,
we present detailed descriptions of our extraction of the yp — KT A signal in g77a (Chapter 3) and
our functional understanding of the CLAS detector (Chapters 4 and 7).



Chapter 4

Data Reduction and Event
Selection

The g11a dataset was collected by the CLAS Collaboration during the period of May 17 to July
29, 2004. gl1a is comprised of roughly 20 billion triggers, represented as 21 TB of raw detector
output data. Before physics analysis can be done, the dataset must be cooked; the raw signals must
be interpreted as information regarding the track components and kinematics of each event. It is
during the cooking process that detector components are checked for functionality and calibrated.
glla was cooked by Maurizio Ungaro at INFN [55]. At the time of this analysis, g/1a was the
world’s largest photoproduction dataset in the medium-energy regime.

Because the A is neutral and unstable (¢ = 7.89 cm), we gain access to it via its predominant
charged decay mode, A — pn~. Unfortunately, the cross section for the yp — KTA reaction is
very small in comparison to more common reactions. Thus, the vast majority of the g11a dataset
is composed of events that are extraneous to our analysis. In order to separate yp — KA signal
events from these irrelevant background, we began by examining a “++ —"” charged track skim of the
gl1a dataset for KA signal in the K Tpr~ final state. We then examined a large portion (28%) of
the full two-track dataset by investigating the K Tp(pi~) final state (no w~ detection requirement).
This chapter outlines the procedures by which we have extracted K+ A events from gl1a as well as
all cuts and corrections that were made to the data for both the two-track and three-track data sets.

4.1 Excluded Runs

The g11a dataset was collected in shorter intervals, called runs, each containing roughly 50 million
triggers. This subdivision allowed the study of time-dependent detector and data acquisition prob-
lems to be addressed on a run-by-run basis. “glla” refers to 386 individual CLAS runs between
43490 and 44133. Runs between 43490 and 44107 were collected with a 4.019 GeV electron beam,
whereas runs between 44108 and 44133 were collected with a 5.021 GeV beam. Though it is possible
to amalgamate the two beam energies into one analysis, we omit the higher-energy dataset from this
analysis to avoid any systematic differences. Further, runs between 43490 and 43525 were part of
the g11a commissioning period. These runs were taken in order to facilitate testing and set-up of
CLAS and are not considered “production” runs. We omit these runs as well.

There are several other runs which were later found to be unreliable and are thus excluded from
our analysis. While g11a was being recorded, a logbook was kept of all shift workers’ observations.
The CLAS g11a logbook entries for runs 43981-43982 show that there were problems with the drift
chambers during these runs. Similarly, logbook entries for runs 43989-43991 show problems with the
DAQ system. In order to study the g1la trigger, several runs were taken with different triggering

34
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| Excluded Run | Description
43490-43525 commissioning runs
44108-44133 5.021 beam energy

43675-43676,
43777-43778, 44013

43989, 43990-43991,
44000-44002, TOF problem in sector 2
44007-44008, 44010-44012
43586-43589, 43590-43596 | TOF problem in sector 3
43588, 43757 abnormal KA yield

alternate trigger

Table 4.1: Table of g11a runs excluded from this analysis

schemes: 43675-6, 43777-8, 44013. Several runs showed systematic problems with the DC power
supply to the TOF counters in sector 2 (runs 43989, 43990-1, 44000-2, 44007-8, 44010-2) and sector
3 (runs 43586-9, 43590-6). Lastly, runs 43588 and 43757 exhibited abnormal flux-normalized KA
yields (see §5.6). All of the runs listed above are excluded from our analysis. A summary of these is
provided in Table 4.1. The fraction of 4.019 GeV beam-energy triggers excluded by omitting these
files is roughly 6%.

For the KTpr~ final state (“three-track”) analysis, all g/1a runs not mentioned as excluded
were used. For the KTp(n™) (“two-track”) analysis, however, we used only runs in the range 43600-
43906, roughly 28% of the full dataset. Because the number of recorded KA events in the two-track
topology is larger than that of the three-track topology by a factor of inverse of the 7~ acceptance
(= 20%), only a fraction of the two-track dataset is needed to provide comparable results.

4.2 Kinematic Fitting

Our analysis, as well as tagger and momentum corrections employed in our analysis, make heavy use
of kinematic fitting [56]. This section gives a brief sketch of the purpose and utility of the kinematic
fitter.

Kinematic fitting is a means of improving the precision of measured quantities by imposing
kinematic constraints. When the CLAS detector records an event, the precision of the measured
quantities is dictated by uncertainties inherent to the detector (tracking resolution). For a measured
quantity, we say that:

n=1y+e, (4.1)

where y is the actual value that would have been measured by CLAS in the absence of measurement
error €, and 7 is the measurement result. For a given event, however, we may impose constraints
(i.e. conservation of energy and momentum) based on a physics hypothesis which can be used to
refine the measurements on an event-by-event basis and to obtain estimators for y (called g).

The kinematic fitter developed at Carnegie Mellon uses the method of Lagrange multipliers
to perform a least-squares fit of a hypothesis, dictated by physics constraints, to the measured
quantities. The process of kinematic fitting begins with the selection of a hypothesis for an event.
As an example, assume that CLAS measures an n-track final state (¢1,t2, ...t,,) and associates the
event with a given photon, vg. A hypothesis that we wish to fit to the event is then represented
by a physical reaction in which physical conservation laws are implicit. This hypothesis can have
the same number of final-state particles (e.g. vyp — XY Z) or it can assume that CLAS was unable
to reconstruct one of the tracks (e.g. yp — XY Z(W)). In the former, the fit has four constraints:
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conservation of energy and conservation of three-momentum. In the latter case, the fit is less-
constrained; the momentum of the missed particle is unknown. The fit then uses the constraint
equations to make estimations of the of the actual quantities.

In order to use the kinematic fit to select events, we need to determine a “goodness of fit” given
a physics hypothesis. This goodness of fit comes naturally in the case of least squares fitting, as
the minimization quantity follows a y2-distribution with (¢ — d) degrees of freedom where ¢ is the
number of measurements and d is the number of unknown parameters [57]. We assign a confidence
level (CL) to a fit of an event as

CL= /:O f(z;n)dz. (4.2)

where z is a dummy variable and f(z;n) is the x? probability density function with n degrees of
freedom. The confidence level represents the probability that an event matching the hypothesis,
chosen from a statistical distribution, would yield a x? greater than that obtained from the fit [58].
Confidence levels from events that satisfy the fit hypothesis will populate the range (0, 1] evenly.
Events that are not properly described by the fit hypothesis will have very small confidence levels.
Thus, to select events of a particular reaction from a dataset, we may kinematically fit each event
using the reaction as our physics hypothesis and cut events that give a small confidence level (e.g.
CL < 10%). Because the CL distribution for signal events is expected to be flat, we will be cutting
a small, well-understood percentage (10%) of signal. Our means of checking that the kinematic fit
is working properly is to examine the pulls for each measured quantity, a measure of the difference
between the measured quantity and the actual quantity relative to their errors. The pull z for a
measurement 7, estimation §, and errors o(§) and o(n) is written as

PR — (4.3)

o*(n) —o*(9)

Pull distributions should be Gaussian distributions centered at 0 with unit mean.

A great deal of effort has been invested in building and testing the kinematic fitter for g11a,
mostly in the area of calculating an empirical parametrization of the gf7a covariance matrix. The
result, as is demonstrated in the following sections, is an extremely efficient tool for both detector
and data analysis.

4.3 Corrections to Measured Momenta

The CLAS detector’s precision and powerful analysis tools such as the kinematic fit allow us to use
CLAS data to examine systematic effects due to detector subsystems. The high statistics of the g11a
dataset has allowed the CLAS collaboration to calculate empirical corrections for these systematics.
Described in this section are the eloss package used to correct reconstructed tracks’ momenta for
their estimated energy losses in the detector and the tagger and momentum corrections derived by
the PWA group at CMU. We have applied these three corrections to events in our analysis and
found greater accuracy in reconstructed momenta.

4.3.1 Energy-Loss Corrections

The first tracking component of CLAS that a particle created in the target encounters is the Region 1
drift chamber, roughly 0.75 m from the event vertex. Thus, before the track’s momentum and energy
can be measured by CLAS, it may pass through materials in which it loses energy, namely the target,
target cell, beam pipe, start counter, and volume between start counter and inner drift chambers.
To analyze physics at or near the event vertex accurately, the measured momenta were corrected
according to track particle type and material through which it passed. For CLAS analyses, these
corrections are handled by the eloss package, written by Eugene Pasyuk at ASU [59].
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Figure 4.1: Shown above are the relative tagger corrections for each tagger E-counter for the gi1a
dataset as calculated in [4]. Sagging of the focal plane between its four support yokes can be seen
in the structure of the corrections. The twelve points that do not follow the trend of the corrections
are the result of mis-cabling of the E-counters during data taking. Image source [4].

In previous CLAS vp — KTA analyses, energy-loss corrections were applied to all particles
assuming that their associated tracks began at the event origin. Due to the macroscopic path length
of the A (¢r = 7.89 cm), this correction is not correctly applied to the p and 7~ tracks. In the
three-track analysis where both the p and 7~ momenta are observed, we are able to ensure a more
accurate energy-loss correction. We first recalculated the event vertex using the K™ momentum and
idealized beam momentum. We then recalculated the A decay vertex using the p and 7~ momenta.
All vertex calculations were performed using MVRT, a vertexing package written by J. McNabb
[12]. Finally, we applied energy-loss corrections to these more accurately defined tracks.

4.3.2 Tagger Corrections

Physical distortions of the Hall B photon tagger’s focal plane give rise to inaccuracies in its detection
of recoil electrons and thus photon energy. This effect has been examined via a kinematic fit to the
inclusive yp — pr 7~ channel in both the gZc [60] and g1a datasets [4]. Tagger corrections were
calculated by comparing the measured photon energy to the energy constrained by the kinematic fit.
A systematic correction was found for each tagger E-counter (see Figure 4.1). These results have
been interpreted as due to sagging of the focal plane between its four support yokes [61]. This sag
displaces the narrow E-counters from their ideal locations, causing them to detect electrons with
slightly different energies.

We have applied the derived g17a tagger corrections to each event in this analysis according to
its associated tagger E-counter.

4.3.3 Momentum Corrections

The CLAS detector’s momentum reconstruction power lies in its toroidal magnetic field and tracking
chambers. Discrepancies exist between the magnetic field at the time of data taking and CLAS’s
“ideal” magnetic field map. Similarly, the spatial configuration of the drift chambers differs slightly
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from the “ideal” configuration due to misalignment and wire sag. These discrepancies give rise to
inaccuracies in the reconstructed momenta.

Momentum corrections for the ¢g17a run period have been derived using the yp — pr 7~ channel
[62]. Tagger and energy-loss corrections were applied to each prtm~ event in which all final-state
tracks were reconstructed by CLAS. Three separate kinematic fits were then performed, each treating
one of the detected final-state particles as “missing”: vp — prt(n7), yp — p(r )7 ™, and vp —
(p)mTm~ hypotheses. Measured momenta for the “missing” particles were then compared to the
missing momenta from the kinematic fits. Corrections were calculated for each CLAS sector and
particle charge. Each sector was divided into twelve 5° bins in the azimuthal angle ¢. Each ¢ bin
was then divided into fifteen polar angle (#) bins: nine 5° bins in the range 5° < 6 < 50°, four
10° bins in 50° < 6 < 90°, and two 25° bins in 90° < 6 < 140°. Corrections to the magnitude
of momentum for each track charge were calculated in each of the angular bins, and were typically
found to be less than 10 MeV/c.

For our analysis, we applied momentum corrections to all final-state particles according to their
charge and trajectory.

4.3.4 Effects of Corrections

We investigated the effects of the g11a energy and momentum corrections on the yp — KA channel
by plotting both the missing mass off the KT and the invariant mass of the pr~ system before and
after the corrections (see Fig 4.2). Events that are considered in this comparison are those that pass
a kinematic fit to a yp — KTpr~ hypothesis with a confidence level of 1% or greater. Note that
these quantities are both a measure of the A mass, which the PDG reports to be 1.115683 GeV /c?.
The effect on the pr~ invariant mass distribution is minimal. The distribution’s mean is shifted
from 1.11497 GeV/c? to 1.11616 GeV/c?, a difference of 0.042% from the actual A mass. The
width of the distribution is reduced from 1.771 MeV/c? to 1.622 MeV/c?, an improvement of 8%.
The missing mass off the KT distribution, however is rectified dramatically by the corrections.
The measured missing mass distribution is non-Gaussian in shape, and cannot be fit reliably to
a Gaussian and polynomial background. After corrections are applied, the distribution assumes a
much more Gaussian shape with a mean of 1.11639 GeV/c? and width of 7.7449 MeV /c%.

4.4 Event Filter: Kinematic Fits of vp — KTpr~ and vp —
KTp(7™)

To facilitate data analysis, we wished to reduce the entire g71a dataset to a dataset containing only

events that were likely to come from the yp — KTA reaction. This reduction was done primarily

by the kinematic fitter. We begin with a discussion of our fit to the three-track final-state topology
and follow with that of the two-track topology.

4.4.1 ~yp— K'prn~

For the K+ pr~ topology, we began by applying to the data two very loose missing-mass cuts:
(1) require total missing mass to be between —300 MeV /c? and 300 MeV /c?

(2) require missing mass off KT to be less than 1.4 GeV /c?.

These cuts reduce the number of ineligible background events that we kinematically fit. We applied
momentum and energy-loss corrections to the remaining candidate events. We then performed a 4C'
kinematic fit of the events to a yp — K+pr~ physics hypothesis. We used the results of this fit to
cut out any events yielding a confidence level less than 1%.
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Figure 4.2: Plots showing the effects of energy-loss and momentum corrections on missing mass
off KT and invariant mass of pr~ system. Histograms (a) and (b) show the pm~ invariant mass
before and after energy and momentum corrections, respectively. Mean (p) and variance (o) of the
distributions are from fits (shown in red) to Gaussian and 2"?-order polynomial background. The
difference is minimal due to the small break-up momentum of the A. Histograms (c¢) and (d) show
the missing mass off Kt before and after corrections, respectively. Fitting of the distributions is
performed as in (a) and (b). Here, the effect of the corrections is noticeable. The fit demonstrates
how the non-Gaussian shape of the distribution is tamed by the corrections.
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Results of the kinematic fit are shown in Figure 4.3. We see that the confidence level distribution
for signal events is reasonably flat. This is a good indicator that the kinematic fit is working properly
for this channel. Also shown is the effect of the confidence level cut on the missing mass off K+
distribution. The 1% confidence level cut is extremely effective in its removal of background.

Were the kinematic fit perfect, the amount of signal lost to the 1% confidence level cut would
be 1%, as described in §4.2. However, signal events that the e-loss and momentum corrections
were not able to rectify are likely to have lower confidence levels because conservation of energy
and momentum would have been harder for the kinematic fit to enforce. One possible source for
such events is so called “hard scatters,” or tracks that interact with the nuclei of detector material
rather than electrons. Tracks that experience hard scatters before they are tracked by CLAS may
exhibit large inaccuracies in their recorded momenta. Hard scatters affect a very small fraction of
the data. A larger contributor to signal loss is non-Gaussian errors attributed to energy loss of
tracks in material. The function describing the energy-loss spectrum actually takes the form of a
skewed Landau distribution [5]. As the kinematic fitter assumes that this distribution is Gaussian,
confidence levels are slightly inaccurate for these events. Fortunately we were able to simulate these
effects and ensure that the same percentage of signal is lost in both data and Monte Carlo.

Using the 1% cut on confidence levels from a kinematic fit to yp — KTpr~, we produced an
analysis skim of the g71a dataset that includes some 1.8 M events. We then binned this dataset into
121 10 MeV-wide +/s bins in the range 1.630 GeV < /s < 2.840 GeV. By fitting a Gaussian and
linear background to the missing mass off KT distribution in each bin, we see that the background
that passes the skim is less than 2% in most bins (see Figure 4.4). We then fit the total missing
mass off KT distribution with double Gaussian and quadratic background functions to find a total
of =2 1.563 x 10® KA events in the skimmed dataset.

4.4.2 ~yp— K'p(r™)

To skim possible vp — K1 A events from the two-track dataset, we began by making two very loose
missing mass cuts:

(1) require total missing mass to be within 300 MeV/c? of m - = 139.57 MeV />
(2) require missing mass off K+ to be less than 1.4 GeV/c%.

Though giving up the requirement of a reconstructable 7~ increases statistics, it is also implies a
less-restrictive 1C kinematic fit to yp — K Tp(7m~). Because of this, we applied a more stringent 5%
confidence level cut. A plot showing the missing mass off K+ distribution for all events in our skim
of the gI1a two-track topology is given in Figure 4.5. Notice that, unlike the three-track topology,
the background is significant in comparison to the signal.

Again we binned the data into 10-MeV-wide /s bins, but this time over the larger energy range
1.62 GeV < /s < 2.84 GeV. Momentum corrections and tagger corrections were applied as described
for the K+pr~ topology. However, because the 7~ track is not observed for the two-track analysis,
we could not locate the A decay vertex using MVRT. Thus, energy-loss corrections were applied to
all particles assuming track origins at the event vertex.

As with the K+pr~ topology, we lose a percentage of the signal events to the confidence level
cut. This percentage is greater than the ideal 5% because of hard scatters, as these effects cannot
be accounted for by the confidence level calculation. We show in §5.2 that this effect is properly
handled by our detector simulation, causing an equal fraction of Monte Carlo events to be removed
by the confidence level cut.

By fitting the missing mass off K+ distribution with double Gaussian and quadratic background
functions, we find that the skim contains approximately 2.909 x 10° events.
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Figure 4.3: The above plots show the results of a kinematic fit to vp — KTpr~ for events in run
43815. Plot (a) shows the confidence levels from all events. The confidence level distribution is fairly
flat above 0.4. Plot (b) show the missing mass off K for all events in the run. There is a large
amount of background, however, the A peak can be seen. Plot (¢) shows the missing mass off KT
distribution for events passing the 1% confidence level cut. The effect of the cut is dramatic.
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Figure 4.4: Plots above show (a) yields and (b) ratio of signal to total yield from the three-track
skim of yp — K+pr~ from glla. Signal was calculated by fitting missing mass off KT distribution
in each 10 MeV-wide /s bin to a Gaussian and linear background. Signal and background functions
were then integrated over the range p £ 30, where p and o are the mean and width from the fit
in each bin. The skim is remarkably clean, with signal making up ~ 98% of the yield in each bin.
Ratios are not shown for bins with 1/s < 1.7 GeV because low statistics limited reliable fits.
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Figure 4.5: Shown above is the missing mass off K+ distribution for all events in the K p skim of
gl1a. The less restrictive 1C kinematic fit allows more background to pass the skim than did the
4C fit on the KTpr~ topology.
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4.5 Particle Identification: Calculated Mass Cuts

We showed in the previous section that the kinematic fit and confidence level cut are remarkably
efficient at separating background from the yp — KTA signal. We are able to separate signal
and background further by considering timing information from the CLAS detector. Our analysis
benefits from the fact that the KTA — Ktpr~ system is the lowest-energy strange final state
produced in CLAS. Most of the background events that we wish to subtract are events without
associated strangeness (typically mis-identified 7+pnr~ final states). By using timing information,
we are able to further separate protons and 71s from KTs, and remove events that do not include
Ks. It is in this sense that we refer to these cuts as particle identification.

For purposes of particle identification, the most instructive visualization of events in our skim is
the calculated mass plane. Using tracking and timing information from CLAS, we are able to calcu-
late a mass for each charged track observed in CLAS. By using the event vertex time (extrapolated
from tagger T-counter information) and TOF counters, we are able to calculate the time taken by
the particle to travel from its origin to the edge of CLAS, ¢. From drift chamber tracking information
we calculate the path length of the track, d. We then construct the track’s velocity 3 as

8= %d/t. (4.4)

We then use the track’s deflection as it traveled through CLAS’s toroidal magnetic field to calculate
the momentum of the track, |p]. We can then use these measured quantities to calculate the mass
of the particle, m,, via the standard equation for the relativistic momentum of the particle

(4.5)

me = ,/W. (4.6)

Because of the nature of the background in our channel, we wish to determine whether hypoth-
esized KT tracks are actually K *’s or mis-identified protons or 7’s. We view each event by filling
a two-dimensional histogram with the calculated masses (m,, mg) of the hypothesized proton and
K™ tracks for each event. The calculated mass plane for all events in our three-track skim of g11a
is shown in Figure 4.6. By looking at this projection of the data, we are able to see sources of
background quite easily. There are four separated regions of the calculated mass plane:

which we can rewrite as

(i) m, > 0.8 GeV/c?:
This region is populated predominantly by signal events. There is a very slight pr+ 7~ back-
ground that cannot be separated from signal in the calculated mass plane, but is mostly
separated in the missing mass off K+ distribution.

(ii) 0.4 GeV/c? < m, < 0.8 GeV/c? Nmg > 0.8 GeV /c?:
This region represents a small number of events that passed through the confidence level cut
with positive tracks reversed (i.e. p mis-identified as K+ and K+ mis-identified as p) due to
kinematic ambiguities. Such ambiguities occur infrequently and typically in higher-,/s bins.
These events are also included in region (i) with tracks identified correctly and are cut from
our analysis.

(iii) m, < 0.4 GeV/c?2 N mg > 0.8 GeV/c*:
This region is populated by events for which the KT track is a mis-identified proton and the
proton track is a mis-identified 7+. This region is strictly background, and its events are cut
from the analysis.
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Figure 4.6: This plot shows the calculated mass for proton tracks versus the calculated mass for K+
tracks for events in our K+ pr~ skim of gl7a. The plane is broken into four regions described in the

text.

(iv) m, < 0.8 GeV/c? N mg < 0.8 GeV/c*:

This region seems to be populated with events in which the KT track is correct, but the
proton track is a mis-identified K. This would be a much more exotic final state, indicating
at least one more missing particle with charge —1 and strangeness +2. It is highly unlikely
that such events would make it through the kinematic fit with a confidence level greater than
1%. Upon further investigation, we have found that the events in this region are actually
vp — KA signal events with incorrect proton timing information. The majority of events in
this region have the proton and 7~ from A decay being detected by the same TOF counter
in the same sector (see Fig 4.7). (This is more likely than in other channels due to the small
break-up momentum of the A.) TOF counters in CLAS are instrumented with single-hit
readout electronics, and thus are only able to record one time-of-flight for both particles. The
time-of-flight of the first particle to hit the counter (typically the faster-moving 7~) is then
assigned to both particles. This forces the calculated mass of the proton closer to that of the
K. It should be noted that the missing mass off K+ is unaffected for these events. As long as
we are careful to make no other timing cuts, events in this region can be kept in our analysis.

The result of our particle identification studies is a cut removing regions (ii) and (iii) of the
calculated mass plane. Events in the region m, > 0.8 GeV/c? Umg < 0.8 GeV/c? are kept. The
effects of this particle identification cut are shown in Figure 4.8. Roughly 1.47 million events are

left after the particle identification cut.
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Figure 4.7: The plots above show (a) 7~ TOF counter v. proton TOF counter, (b) 7~ sector v.
proton sector, and (c) the missing mass off KT distribution for events in region (iv) of the calculated
mass plane (see Fig 4.6). The skewed proton calculated mass in this region is due to the proton and
7~ hitting the same TOF paddle.
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Figure 4.8: The figure above shows the effect of the calculated-mass particle-identification cut on
the missing mass off KT distribution from the three-track analysis. Missing mass off KT for all
events is shown in blue. The distribution after the PID cut is shaded.
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Figure 4.9: Plot (a) shows the calculated mass plane for events in the g11a two-track topology with
Vs < 1.660 GeV. Cuts are defined in the text and displayed on the plot in red. Plot (b) shows the
effect of these cuts on the missing mass off KT distribution. The unshaded histogram is filled with
all events in the skim (with /s < 1.660 GeV). The blue histogram shows events removed by PID
cuts and the shaded histogram shows events that pass the cuts.

For the two-track final state, we employ the calculated-mass cuts as well. The two-track calcu-
lated mass plane displays all of the same features described above. The less restrictive 1C' kinematic
fit allows some 77T background to pass the 5% confidence level cut (events for which the proton
and KT are mis-identified 77s). In order to remove this background, we make an extra cut requiring
either the proton or K mass to be greater than 0.200 GeV /c%.

Upon further study, we found the background level in the two-track study for center-of-mass
energies below 1.66 GeV to be excessive. Plots of the calculated-mass plane and missing mass off
K™ distribution for these events are shown in Figure 4.9. We see from the calculated-mass plane that
a significant amount of this background is caused by pr+ events for which the 77 is mis-identified as
a K*. We removed these events by making a further calculated mass cut defined by the condition

m, < my+ 4 0.75, (4.7)

where m; is the calculated mass of particle type t. As Figure 4.9 shows, this cut is very effective.
Note that the histogram showing events cut by the particle identification shows no signal peak.

4.5.1 Signal Loss

Signal loss to the particle identification cuts described above is minimal. Figure 4.10 shows the
missing mass off Kt distribution for events removed by our calculated mass cuts in both the two- and
three-track analyses. For the three-track analysis, we estimate the KA content of the distribution
by fitting to a double Gaussian signal and linear background function. We find that the signal peak
in the removed events distribution contains approximately 1770 events, 0.11% of the total KA
signal.

The amount of background present in the two-track analysis prevents us from simply using a
signal peak to estimate the percentage of events lost to PID cuts. Thus, we employ the method of
Feldman and Cousins [63] to estimate an upper bound on this loss. We begin by filling a histogram
with all events from runs 43840 that pass the 5% confidence level cut. To estimate the total signal
and background, we fit this distribution with a double Gaussian signal and quadratic background
functions. We focus on the the range 1.111 GeV/c? < m < 1.121 GeV/c?, where m is the missing
mass off KT, and integrate the fit functions to find approximately 22900 signal and 4430 background
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Figure 4.10: Plot (a) shows the missing mass off K distribution for events removed by PID cuts
in the three-track analysis. The signal peak is apparent and an estimate is made by fitting with
a Gaussian and linear functions. Plot (b) shows the distribution for all two-track events in runs
43810-43819 (unshaded histogram) and a fit to a double Gaussian and quadratic background in
black. The shaded histogram shows the missing mass off K+ for events removed by the PID cuts.
No signal peak is apparent. Shown in red is a fit with a quadratic function. The blue lines indicate
the range considered for the application the Feldman-Cousins method (see text).

events in this range. When we investigate the distribution for events removed by the PID cuts, we
find that a total of 2187 events are present in the range considered. To obtain an estimate of the
number of background events in this range, we fit the distribution with a quadratic function and
obtain an estimate of 2176.17 events. The Feldman-Cousins method provides us with an upper-limit
of about 105 signal events at a 95% confidence level, roughly 0.45% of the total signal in this range.

4.6 Detector Performance Cuts

In order to calculate accurately a rate for any reaction in CLAS, we need to calculate a detector
acceptance. For this analysis, we calculate a channel-specific acceptance using GSIM, a GEANT-
based simulation of the CLAS detector. The accuracy of this simulation has been tested in great
detail [64, 62]. For most regions of the detector and phase space, the simulation is very accurate;
however, there are regions of the detector for which simulations are not reliable. We must cut
from our analysis data and Monte Carlo events in these regions. We refer to such cuts as detector
performance cuts. This section describes the cuts motivated by this analysis. We also list several
cuts that are specific to this analysis, motivation for which can be found in Chapter 7.

4.6.1 Problematic TOF Paddles

By examining occupancies per TOF counter in both data and Monte Carlo, we were able to identify
individual paddles for which the GSIM simulation was inaccurate. Data and Monte Carlo events
for which any of the final-state particles were detected by one of these problematic paddles were cut
from the analysis. A list of the problematic TOF paddles in each sector is given in Table 4.2. Note
that paddle 23 is removed in all sectors. Due to the 237¢ paddle’s location on the boundary between
the first and second sections of the TOF wall, there is logical overlap between it and paddle 24. For
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Sector | Removed Paddles
1 18,23,26,27,33
23
11,23
23,26
20,23
23,25,30,34

OO | W N

Table 4.2: The table above gives problematic TOF paddles which are removed from this analysis.

tracks that hit both paddles 23 and 24, tracking is inconsistent and cannot be modeled properly by
GSIM.

4.6.2 Minimum Proton Momentum Cut

Because they are much more susceptible to interactions with detector material, low-momentum
protons are difficult to model accurately. Energy-loss corrections are difficult to apply to such
tracks, and acceptance and track reconstruction are also affected. By selecting yp — prT7~ events
from the g11a dataset and Monte Carlo, one is able to study empirically the acceptance of proton
tracks in all areas of the detector and for all proton momenta [62]. Events in which a 7+ and 7~
were both detected were kinematically fit to the yp — 77~ (p) hypothesis. The kinematic fit gives
a refined value for the missing momentum. Based on whether the “missing” proton was actually
detected by CLAS, an acceptance was assigned based on the magnitude and production angle of the
proton.

Tt is found that for protons with magnitude of momentum less than 375 MeV/c, Monte Carlo
acceptance did not match that of the data. Thus, we remove protons with |p] < 375 MeV/c from
our analysis in both data and Monte Carlo.

4.6.3 Fiducial Volume Cuts

The studies mentioned above also found physical regions of the detector which are not modeled
properly by GSIM. The most prevalent of these are regions near the toroidal magnet coils. The
magnetic field near the coils varies quite rapidly. Our map of the field is not accurate enough in
these regions to account for this, and thus simulation is inaccurate here. Shown in Figure 4.11 are
the effects of cuts removing particle tracks that are too close to the coils to model. We also place a
cut on track polar angle in the forward direction at cos® = 0.985 and sector-dependent polar angle
cuts in the backwards direction.

4.6.4 Problematic Drift Chamber in Sector 5

In studying differences between cross sections from individual sectors in CLAS, we have isolated a
discrepancy at a constant angle between sector 5 and the other sectors. Details of this study are
given in §8.4 of this document. The discrepancy shows no momentum-dependence, so the tracking
error must occur before the tracks are bent by the magnetic field. Because this discrepancy is
dependent only upon the production angle of the K in the lab frame, we assume it to be the result
of problems with the Region 1 drift chamber in this sector. We thus remove all tracks with lab
production angle 6 € (0.45,0.55) from both data and Monte Carlo in sector 5.
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Figure 4.11: Plot (a) above shows 0;,, v. ¢ for all tracks in our skim of gf7a. Plot (b) shows the
same distribution with fiducial cuts applied.
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Figure 4.12: Shown above are missing mass of K distributions after all cuts have been applied in
several /s bins. Fits to a Gaussian and linear background (shown in red) yield a mean and width
for each distribution. The £2.50 cut boundaries are shown in blue.

4.7 Missing Mass off K™ Cuts: K"pr~ Topology

At this stage, any appreciable amount of background has been removed from the three-track dataset.
Missing mass off K distributions in several /s bins are shown in Figure 4.12. As a final cut on
this distribution, we fit Gaussian plus linear background to the missing mass peak in each /s bin.
According to the results of these fits, we keep all events that fall within 2.5¢0 of u, where p is the
mean of the Gaussian for each bin.

4.8 Background Subtraction: K*p(7~) Topology

For the two-track topology, we are able to separate background from signal further. A powerful
background subtraction method has been developed by the PWA group at CMU [66]. To use this
method, we defined a metric based on three kinematic observables: cosine of the production angle
of the K+ in the CM frame (cos 6%,,), cosine of the proton angle in the A-helicity frame (cos 6% ., ),
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and the azimuthal angle of the proton in the A-helicity frame (¢} ), with ranges 2, 2, and 2,
respectively. This metric defines the “distance” between event ¢ and event j to be

3 i i\ 2
=Y (“f’ﬂ) (4.8)

k=1

where the &, are the three kinematic observables for each event and rj is the range for the k**
observable. For each event i in a W bin, we then used this distance function to find the 100
“closest” events. We then performed an un-binned maximum-likelihood fit of a Gaussian signal plus
linear background function of the missing mass off of the K+ to these 101 events.

The results of this fit are signal and background functions that are functions of the missing mass
off K*. We then evaluate the signal and background functions at m;, the missing mass off K+
value for event i, obtaining the values s;(m;) and b;(m;), respectively. We then assign to event ¢ a

Q-factor calculated as
Si
i = . 4.9
Q= (49)

As such, Q; represents the probability that event i is a KTA event. Similarly, (1 — Q;) is the
probability that i is a background event. By filling histograms with events weighted by their @
factor, we see the signal distribution as determined by the subtraction method. Figure 4.13 shows
that this background subtraction method works very well.

4.9 Final Data Yields

We conclude this chapter by providing the total data yields as a function of center-of-mass energy
after all cuts have been applied. A plot of this distribution for each analysis is shown in Figure
4.14. For the three-track dataset, we simply count the number of events in each /s bin and find
that the total number of events after cuts is 646612, approximately 41.3% of the number present in
the skimmed dataset. For the two-track analysis, we need to consider our background subtraction
method in counting our signal events. Thus, we sum the Q-factors of all events to find that about
1.657 x 10° events remain after all cuts, about 57.0% of the total present in the skim.

4.10 Summary

To investigate the yp — KA reaction, we have exploited the A — pr~ decay mode and studied
both K*prn~ and KTp(r™) final state topologies in the g/7a dataset. We have developed a series
of particle-identification cuts to select signal events from background. We have applied pre-existing
detector performance cuts as well as several cuts motivated by our analysis to ensure that the data
events we use in our analysis are able to be simulated in a consistent manner. For both topologies,
signal losses due to our analysis cuts are minimal. For the three-track topology, background levels
are negligible. For the two-track topology, we effectively separate signal and background by using
an event-based background subtraction method.
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Figure 4.13: Shown above are the effects of the background subtraction method in three cos % J\Z
bins in (a) /s = 2.005 GeV and (b) /s = 2.605 GeV bins for the gl/1a pK* topology. The full

missing mass off KT distributions are shown as shaded histograms. Signal is shown in red and
background is shown in blue.
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Figure 4.14: Shown are the final data yields after all cuts are applied for (a) the three-track and (b)
two-track analyses.



Chapter 5

Acceptance Calculation and
Normalization

In the previous chapter, we described the method by which we extracted yp — KTA yields from
the gl1a dataset. In order to parlay these data yields into a more meaningful quantity, the dif-
ferential cross section, we need two more pieces of information: luminosity for the run period and
detector acceptance. Calculating the photon flux allows us to measure the rate at which KA is
photoproduced. Detector acceptance refers to our understanding of the CLAS detector as a device
with inherent inefficiencies. Knowing the probability that CLAS will reconstruct a track of a given
particle type and kinematics allows us to remove detector- and analysis-based inefficiencies from
this calculation. If done properly, acceptance and flux correction of the gf7a yields will produce a
differential cross section measurement that is independent of experimental method, a measurement
of the true physical quantity. This chapter outlines the methods that we used to calculate and test
acceptance for the CLAS detector, as well as work that went into calculation of photon flux for the
gl1a run period.

5.1 Detector Simulation

5.1.1 GSIM

We began our detector acceptance calculation by generating 300 million vp — KA events. We refer
to these events as the “raw” Monte Carlo (MC) events. Due to our acceptance calculation method
(see §7.1), it was unnecessary to include a physics model of the production mechanism. (Events
are wieghted according to physical distributions at a later step in the analysis (see §7.1).) Thus,
the kinematic distribution of the raw KA final state represents a pseudo-random sampling of the
reaction’s phase space (obeying only energy and momentum conservation).

To simulate the effects of the detector on these raw events, we employ a GEANT-based simulation
of the CLAS detector called GSIM. GSIM is the standard simulation package for any of the CLAS
Collaboration’s analyses, and is programmed with information specific to each run. GSIM’s main
task is to simulate detector signals for each subsystem of CLAS based on the kinematics for each
particle with which we supply it. To do so, GSIM takes as input the initial particle types, momenta,
and positions for each raw MC event. GSIM uses spatial information regarding the CLAS detector
materials and toroidal magnetic field to “swim” particles through the detector. GSIM also handles
the decays of all unstable particles (both K+ and A in our analysis). For each detector package
that a given track passes through, GSIM generates a simulated signal. More details on GSIM can
be found in [67]. Values of parameters used in the GSIM ffread card are provided in Table 5.1(a).
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(a) (b)

Parameter \ Value ‘ ’ Flag \ Value ‘
AUTO 1 R 43852
KINE 1 Y
MAGTYPE 2 P Ox1f
MAGSCALE 0.4974 0.0 f 1.0
FIELD 2 a 1.0
GEOM ALL b 1.0
NOSEC OTHE c 1.0
TARGET glia
TGPOS 0.00.00.0
STZOFF -10.00
STTYPE 1
RUNG 43852 1
BEAM 4.023

Table 5.1: Values used for (a) GSIM ffread card and (b) GPP.

5.1.2 GPP and Momentum Smearing

The detector signals simulated by GSIM have been found to exhibit resolution better than that of
the actual CLAS detector. To ensure that our Monte Carlo is as similar to the data as possible,
we smear the timing signals by randomly displacing them from GSIM output values according to
well-understood functions. We use another standard CLAS software package, GPP, to smear timing
signals according to the specific detector subsystems that generated them. GPP smears signals from
scintillator detector components according to that component’s dimensions; a longer scintillator
requires a wider, more diffuse smearing function. GPP allows the user to control the severity of the
smearing. We have set the smearing level for scintillator timing signals to be 1.0. The flags and
parameter values used in running GPP are provided in Table 5.1(b).

In order to affect MC momentum resolution, GPP is also able to smear timing signals from CLAS
drift chambers. It has been determined that the GPP drift chamber smearing produces too high a
momentum resolution [4]. To study this effect, the kinematic fitter was used to fit a yp — prta™
hypothesis to vp — prT7~ Monte Carlo events with tracking times smeared by GPP. Because the
covariance matrix for the kinematic fitter was tuned on this channel, the confidence level distribution
for a fit to data events is flat. The confidence level distribution for the kinematic fit to Monte Carlo
events, however, exhibited a positive slope, indicating that the momentum resolution generated by
GPP is higher than that of the data.

To smear tracking in the Monte Carlo effectively, we apply a momentum smearing algorithm. The
CLAS tracking angles are smeared by randomly sampling from a Gaussian distribution. Distributions
for each parameter are centered at the values of the tracking angle reported by GSIM and have width
1.8504, where o, is the resolution determined by tracking software. Smearing of the magnitudes of
momenta is done in the same binning as was used for the gf7a momentum corrections, and exhibited
an average smearing of &~ 2 MeV/c. In the yp — prT 7~ study, this smearing algorithm forced the
confidence level distribution to be flat in all kinematic regions. The plot of confidence level for
vp — KT pr— and vp — K*p(r~) Monte Carlo events show that it is also effective for our analysis
(see Figure 5.1).
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Figure 5.1: Shown above are confidence level distributions from a kinematic fit of yp — K¥Tpr~
Monte Carlo events to the (a) yp — KTpr~ and (b) vp — K Tp(7~) hypotheses. Resolution for
these events is the product of GPP smearing of timing signals and the empirical smearing algorithm
for tracking signals.

5.1.3 Trigger Simulation

GSIM accounts for whether individual detector components were able to reconstruct a given track
in a Monte Carlo event. To match the MC to the data accurately, however, we must also take into
account the efficiency of the g17a hardware trigger. We have discussed the g17a triggering scheme
in greater detail in §3.5 and it should be noted that inefficiencies discussed in this section pertain
to the CLAS Level 1 trigger. We identify two types of inefficiency in the gl7a trigger: detector
inefficiencies and logical inefficiencies.

Detector inefficiencies have been studied in great detail [62]. The kinematic fitter and confidence
level cuts were used to identify yvp — prnT7m~ events in which all three final-state tracks were
reconstructed. Only events for which the three final-state particles were reconstructed in different
sectors were considered. The trigger word written into the data stream at the time the event
was recorded indicated which sectors observed a coincidence between start counter and TOF wall,
thus contributing to the Level 1 trigger. In each of these events, at least two sectors had to have
contributed to the trigger (otherwise, the event would not have been recorded). For each event, two
tracks that set the trigger were identified. An efficiency map was then created for the third particle
based on whether the trigger bit for that particle’s sector was set. Maps were generated as a function
of ¢ and TOF paddle in each sector for each particle type (proton, 7™, 7).

An example of the trigger maps is given in Figure 5.2. One can notice structure in these maps
which points to inefficiencies in detector subsystems. Paddle 33 shows no occupancy for either
the proton or 77, indicating that it is non-functioning. Paddle 18 displays a low efficiency for the
proton and a ¢-dependent efficiency for the 7~ , indicating incorrect tuning of its input to the trigger
(most likely, a high discriminator threshold). Other TOF paddles exhibit similar behavior. (Note
that several of these paddles have been cut from analysis, as described in §4.6.1). Because we can
identify these inefficiencies with specific elements or regions of the detector, we refer to them as
detector inefficiencies.

We implement these efficiency maps in a statistical manner. For each track in a Monte Carlo
event, we throw a random number n € [0,1]. If n is less than the efficiency given by the map for the
particle type in the track’s detector region, we count that track as having contributed to the Level
1 trigger in its sector. If a Monte Carlo event does not have at least two tracks that contribute to
the trigger in this manner, the event is discarded. For the K+ A channel, we apply the 7% map to
K™ tracks based on the particles’ similar ionization properties. We could not generate an efficiency
map for the K™ because no suitable channel — other than KA — exists for analysis.
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Figure 5.2: The figure above shows a sample trigger efficiency maps from the study of g77a [62]. The
two-dimensional histogram represents the probability that (a) a proton or (b) 7— in the indicated
¢ and TOF paddle will set the trigger in sector 1.

We have also tested the trigger efficiency maps to determine whether adding momentum depen-
dence to the the map calculation provides a more accurate description of the trigger efficiency (see
§8.3.2). In principle, the map should display some momentum dependence due to the lower energy
deposited by higher-momentum particles. We have found no major momentum-dependence to the
trigger efficiency and thus deem the above treatment to be adequate.

5.1.4 Start Counter

We have discussed the gI1a start counter in §3.3.2. Motivated by differences between our preliminary
differential cross sections and those of Robert Bradford [11], we have identified the start counter as
the source of a subtle, but important difference between data and Monte Carlo. The A is relatively
long-lived in comparison to other baryons produced in CLAS. Because of the similarity of the A’s
mean path length (ctp = 7.89 cm) and the distance from the target to the start counter (=~ 10
cm), there is a non-negligible probability that a A produced in the target will decay outside of the
start counter. For such an event, the neutral A would not create a hit in the start counter; thus,
coincidence between the start counter and TOF wall would not be registered in its sector. Even if
the KT set the trigger in its sector, the Level 1 trigger would not be set. Thus, events for which the
A decays outside of the start counter are not recorded in the data stream.

In order to reproduce this effect in the Monte Carlo, we tested two methods. First, we recon-
structed the A decay vertex using MVRT and the proton and 7~ momenta. We then cut any events
(from both data and Monte Carlo) for which the A decay vertex was outside of the physical volume
of the start counter. After testing this method, we abandoned it due to resolution issues caused
by the small opening angle of the proton and 7#~. A more detailed exposition of this cut and its
shortcomings can be found in §8.3.3.

Our final approach was to make a statistical cut on the Monte Carlo events. For a given MC
event, we used the event vertex (calculated using MVRT on the K momentum and idealized beam
location) and the A momentum, pj (reconstructed from proton and 7~ momenta) to calculate the
intersection of the A trajectory with the start counter. We refer to the distance between the vertex
and this intersection point along s as d. We then calculated the A lifetime ¢ in the lab frame as

tB) =7 =7/V1- 5, (5.1)
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where 7 = 2.632 x 107!0 5 is the lifetime of a A at rest, and 3 is the velocity of the A calculated
from its momentum. We then calculated the mean distance § that the A would have traveled prior
to decaying as

(B) = Bet. (5.2)

We then constructed a probability P(8) that the A would have decayed after it traveled a distance
d (i.e. outside of the start counter) as

P(B) = e~ H0®) — c=d/(Bet) (5.3)

Finally, we throw a random number n € [0, 1]; if n is less than P(f), we discard the event. Note
that, unlike the cut on secondary vertex position described above, this cut is only applied to the
Monte Carlo events.

5.2 Effects of Analysis Cuts on Monte Carlo

As a final check of the similarity between data and Monte Carlo events, we investigate the signal lost
due to analysis cuts (confidence level, and particle identification). In order to extract an accurate
differential cross section, we must be sure that the analysis cuts affect data and MC in the same
way. If the covariance matrix that was tuned for the data were inaccurate for the MC, or if GSIM
were simply not treating the vp — KA channel properly, then applying a confidence-level cut to
data and MC would not be consistent. Because we have seen (Figure 5.1) that the confidence level
distribution from the kinematic fit to the MC is flat, we are encouraged to think that GSIM and
the kinematic fitter are working properly. To support this, we fill missing mass off K+ histograms
for data and accepted Monte Carlo events from the three-track analysis before and after a 1%
confidence level cut and detector performance cuts are applied. Figure 5.3 shows the effects of the
skim and detector performance cuts on data events from runs 43810-43819 and accepted Monte
Carlo. To extract the number of data signal events, we fit the data histograms to a Gaussian and
fourth-order polynomial background. We then integrate the Gaussian signal functions over the range
(td — 2.504, g + 2.504), where p and o are the mean and width returned by the fit. This method
shows that ~ 89.44% of the K+ A signal events pass the cut. For the accepted Monte Carlo, no
fitting is necessary for signal extraction; all events in the distribution are KTA events. However,
we do fit the histograms to obtain mean and width (uac and op¢). Fit to a Gaussian yields
ppc = 1.1158 GeV/c? and oprc = 1.293 MeV/c2. We then integrate the Monte Carlo histograms
over the interval (uyrc —onme, bve +ome) and find that =~ 88.95% of the Monte Carlo events pass
the confidence level cut, an impact consistent with that of the data.

In §4.2, we discussed possible short-comings of the kinematic fitter. The most prominent of these
is most likely its inability to handle the non-Gaussian errors due to energy loss of tracks in dense
detector regions. Due to the similarity of the effects of the confidence level cut on data and Monte
Carlo, we infer that such energy losses are correctly modeled by the detector simulator, GSIM.

We have shown in §4.5.1 that the number of KA data events lost to our particle identification
cuts is about 0.11% for the three-track analysis and no greater than 0.43% for the two-track analysis.
To make sure that the particle identification cuts have the same effect on Monte Carlo events, we
need only plot the calculated mass distribution for the Monte Carlo events. This plot is provided
for the three-track final state in Figure 5.4. We see that region (iii), the region corresponding to
prtr~ background, is essentially empty. Region (i) shows a small number of K Tpr~ events which
passed the 1% confidence level cut in the incorrect positive track permutation (i.e. proton identified
as Kt and K™ identified as proton). By cutting events in regions (i) and (i), we omit less than
0.7% of the Monte Carlo events, on par with the effect of our particle identification on the data. We
include this loss of signal as a systematic uncertainty.

Also worth noting is the existence of Monte Carlo events in region (iv) of the calculated mass
plane. This region is populated by events for which the proton timing is incorrect, forcing the
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Figure 5.3: The histograms in (a) show the missing mass off K distribution for all events in runs
4381-43819 of g11a before (unshaded) and after (shaded) a 1% confidence level cut is applied. Fits
to a Gaussian and fourth-order background are shown in blue and red. The histograms in (b) show
Monte Carlo events before and after the confidence level cut. A fit to a Gaussian is displayed in
blue.

calculated proton mass to be near that of a K. This effect is also present in the data and is
described in greater detail in §4.5.

Particle identification cuts for the two-track analysis are the same for /s > 1.66 GeV. For
Vs < 1.66 GeV, however, our additional cut that requires m, < mg+ + 0.75 GeV must be tested
on the Monte Carlo. Figure 5.5 shows the effects of the particle identification cuts on the missing
mass off Kt distributions of Monte Carlo events with /s < 1.66 GeV. By fitting Gaussian signal
and quadratic background functions to the distributions, we find that only 3.4% of the Monte Carlo
events in this energy range are lost to the PID cuts. We have shown in Figure 4.9 that no appreciable
amount of data signal is removed by this cut. Thus, we include this 3.4% loss of Monte Carlo as a
systematic uncertainty for /s < 1.66 GeV.

5.3 Systematic Study of Acceptance Uncertainty

In order to study the accuracy of our acceptance calculation, we are able to exploit the CLAS detec-
tor’s design and produce acceptance-corrected yields from each of the six sectors independently. By
comparing these independent acceptance-corrected yields to the mean yield for the entire detector,
we may estimate the acceptance uncertainty’s contribution to the uncertainty of our final results.
To begin this study, we identify events with individual sectors based on the location of K+
tracks (i.e. an event with KT track in sector 2 is assigned to sector 2) in each of thirteen 10-
MeV-wide /s bins. Because we are ultimately interested in the effects of the uncertainty on our
differential cross section and polarization measurements, we fill histograms in cos Hg;[ for each of
the independent sectors. The data yields from each sector in the /s = 2.005 GeV bin are shown
in Figure 5.6(a). Note that the uncorrected data yields are very different between the sectors due
to sector-dependent detector inefficiencies (TOF paddles, drift chamber wires). We then acceptance
correct these data yields using our calculated acceptance in each sector. Figure 5.6(b) shows the
acceptance-corrected yields for each sector plotted with the mean acceptance corrected yield. It is
encouraging to see that even though the data yields from independent sectors were quite different,
acceptance corrections have made all of the sectors roughly equal. Figure 5.6(c) displays the ratios of
each sector’s acceptance-corrected yield. There is no apparent cosfcys dependence in these ratios.
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Figure 5.5: Plot (a) above shows the missing mass off K+ distribution of all Monte Carlo events with
V/s < 1.66 GeV. Fit to a Gaussian and quadratic background show that there are roughly 3.87 x 10°
events in the signal peak. Plot (b) shows the distribution of events cut by particle identification.
Fitting reveals 13400 events in this peak, only 3.4% of the total.
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Figure 5.6: The plots above show steps in the acceptance uncertainty calculation for the 1/s = 2.005
GeV bin. Plot (a) shows the sector-dependent data yields, whereas plot (b) shows theses yields after
acceptance correction along with the mean acceptance-corrected yield. Plot (c¢) shows the ratios of
each sector’s acceptance corrected yield to the mean.
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| /sbinsused | Average s | 7, |

1.805, 1.905 1.855 0.0314
2.005, 2.105 2.055 0.0486
2.205, 2.305 2.255 0.0486
2.455, 2.555 2.505 0.0430
2.605, 2.655 2.630 0.0680
2.705, 2.755, 2.805 2.755 0.0521

Table 5.2: The table above lists bins and results from our study of acceptance uncertainty.

Some discrepancies still exist between the independent sectors and the mean. We wish to de-
termine whether these discrepancies can be accounted for by statistical fluctuations or whether we
need to assign a supplemental uncertainty due to our acceptance calculation. Here, we closely follow
the work in [4]. At this point, uncertainties in the acceptance-corrected yields are purely statistical
(due to data and Monte Carlo occupancies). For data obeying a normal distribution, we expect that

> 0(02, = (Yes — Te)?) = 0.68N, (5.4)

where s and ¢ denote sector and cosfcps bin, . s is the (statistical) uncertainty associated with
acceptance-corrected yield y. s, Ye is the mean acceptance corrected yield, © is the Heaviside step
function, and N is the total number of points considered. Eq. 4.4 represents the ideal situation
where 68% percent (one standard deviation) of the y., fall within the statistical uncertainty of
the mean value .. When we test this ideal hypothesis on the acceptance-corrected yields in the
Vs = 2.005 GeV bin, we find that only 59.3% of the points satisfy this criterion. Thus, we can assign
a supplemental uncertainty, o,, which we attribute to inaccuracy of our acceptance calculation:

> 0(02, + (Tg¥e,s)? — (Yers — To)?) = 0.68N. (5.5)

The discrete nature of the sum in eq. (5.5) makes an explicit calculation of ¢,, difficult. In order to
determine o, we calculate the percent of points that satisfy the Heaviside function in eq. 5.5 for
increasing values of o,,. A plot of these values for the /s = 2.005 GeV bin is shown in Figure 5.7(a).
We then perform a linear fit to these values to obtain, @, the error which satisfies eq. 5.5. In this
bin, we find 7, = 4.86%.

We then perform this same study considering the other twelve /s bins. In order to bolster
statistics, we add the acceptance-corrected yields from adjacent /s bins. The bins considered,
combination method, and o, values are given in Table 5.2. We provide a plot of the extracted
acceptance error versus center-of-mass energy in Figure 5.7(b). A fit of these points to a linear
function shows that the error is characterized by

oy (v/'s) = 0.0243/s — 0.00890. (5.6)

For the energy range of our analysis, this characterization dictates errors between 0,(1.635GeV) =
3.08% and 0,)(2.835GeV) = 6.00%. Though this uncertainty has been calculated using the three-
track analysis only, we show in §7.2.2 that this acceptance uncertainty accounts for differences
between results of the two analyses.

5.4 Target Characteristics

In order to calculate a production probability from our data, we need to know how many target
protons were available to the photon beam. Such information is characterized by the target length,
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Figure 5.7: Plot (a) shows the percentage of acceptance-corrected yield points that satisfy the
Heaviside function in eq. 4.5 versus o,,. A fit of the points to a straight line is shown in blue and is
used to determine the value of o, which satisfies eq. 5.5. Values of 7, versus center-of-mass energy
are shown in (b).

atomic properties, and density. The target dimensions and substance (liquid Hy) are discussed in
§3.3.1. The density of the target, however, is not a static quantity. Density is related to the target
temperature and pressure, which is measured for each CLAS run. From these measurements, the
density has been calculated on a run-by-run basis [4]. It is found that the average glla target
density, p, for the g11a run period is

p=0.07177 g/cm® (5.7)

with a variance of
o2 =6.776 x 107° g% /em®, (5.8)

or roughly 0.1%.

5.5 Photon Normalization

The final ingredient that we need to calculate a production cross section is the number of photons
incident on the target during our experiment, the so-called integrated photon fluxz. To calculate
the flux, we make use of the gfluz, a standard CLAS analysis package [68]. Typically, photon
fluxes are observed at low current by comparing hits in the photon tagger and the resulting hits
in an instrument such as the CLAS total absorption counter (TAC) located in front of the target.
Because g11a was collected with a much higher current (=60 nA) than the TAC could handle, the
gflux method was devised. gfluzr uses a clever method of determining the rate of electron hits in
the tagger T-counters which are not associated with a production trigger in CLAS. The rate for
each T-counter in each run is determined by sampling T-counter hits during a fraction of the run.
This rate is then used to calculate the total number of electrons that hit each T-counter. gflur then
corrects for the detector live time, the fraction of the run for which the detector was “ready” to
record data. (CLAS experiences dead time when its data acquisition system is busy writing events.)
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Figure 5.8: Shown above are the flux-normalized yields v. /s before (a) and after (b) the untriggered
T-counter correction. The correction restores rough continuity to the trend of the yields versus +/s.
The blue line in each plot marks the energy of the trigger cut-off, v/s =~ 1.955 GeV.

Finally, gflux corrects each total T-counter flux for the fraction of photons that do not pass through
the volume of the target, a roughly 10% T-counter-dependent correction.

During preliminary analysis of the gl1a dataset, inconsistencies in current dependence of flux-
normalized data yields were found. This effect has been studied and corrected [4]. Flux-normalized
pw yields were calculated from four separate gl1a runs: 43532, 43582, 44106, and 43626. The four
runs used were chosen for their differing beam currents (between 30 and 70 nA). CLAS live times
were then calculated using two methods: by considering the DAQ scaler clocks (the same method
used by gfluz) and by considering noise measured by the Faraday cup. In order to make the two
live times roughly agree, the scaler clock live time had to be applied twice (i.e. correcting by the
square of the live-time correction). After applying this correction, it was found that the current
dependence of the normalized yield was removed. We apply this correction to photon fluxes for all
runs used in this analysis.

For the purposes of this analysis, it is useful to obtain the flux in each of our 10-MeV-wide /s
bins. To do so, we calculate the flux per T-counter for each run using gflux applying the gila
live-time correction. We then rebin the flux according to each T-counter’s associated E-counters
and divide these fluxes among the appropriate /s bins. We then sum the flux over all runs used in
our analysis to get the total flux per /s bin.

Finally, we need to account for the effects of the g/1a trigger. Recall that the tagger Master-
Or (MOR) only collected signals from the first 40 tagger T-counters (discussed in §3.5). Events
generated by photons that would send the recoil electron into T-counters between 41 and 61 would
not be recorded unless a second recoil electron happened to hit one of the first 40 T-counters in the
same tagger window. Poisson statistics were used to correct for these untriggered T-counters [4].
It was found that the cut-off between triggered and untriggered tagger energies was at I, ~ 1.57
GeV, or /s ~ 1.955. The probability that an event with /s < 1.955 was recorded due to a
separate electron setting the MOR in another T-counter was calculated to be Py.;, = 0.467. This
probability was then used to scale-down effectively the flux in all bins with /s < 1.955 GeV. Plots
of flux-normalized yields v. W show that this correction restores continuity to our normalized yields
(Figure 5.8). Note that we cannot correct the bin centered at 1.955 GeV in a consistent manner
due to the energy cut-off of the trigger. In addition, we note that the flux-normalized yields in the
Vs =2.735 GeV and +/s = 2.745 GeV bins do not follow the general trend of the surrounding bins.
These faulty /s bins are attributed to an improperly-functioning T-counter (T9).
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5.6 Flux-normalized Yields

As a final check of our photon flux calculation, we examined the flux-normalized yields for each run.
We can calculate N, the flux-normalized KA yield from run r as
Y,

N, = 7 (5.9)
where Y, and F,. are the data yield and total (corrected) photon flux from run r, respectively. o,
the error in N, for run r reflects statistical uncertainties for the data yield and photon flux for that
run. Figure 5.9 shows the flux-normalized yields per run for runs used in this analysis. We note
that several runs exhibit N's that are far from the average value. A plot of the extracted data yields
shows that for several of these runs (43900,44036,44101,44102), an inaccurate A is due perhaps to
low statistics (these are short runs). Runs 43588 and 43757 exhibit abnormal A/s, but are sufficiently
populated. We cut these runs from further analysis.

For the remaining runs, we calculate the weighted mean flux-normalized yield to be

ZN}/U,Q.
N=-= =2.617 x 1077, (5.10)

> 1/t
T
Using this A, we may then calculate the mean variance in A, 02, weighted by the o, as

> WNe = N)?/o?
o2=-" =8.691 x 10721, (5.11)

> 1/

T

making Vo? /N =~ 3.5%. This error also includes the run-to-run statistical fluctuation in K*A
yields. On average, each ¢gI1a run contains ~4000 three-track signal events, with which we associate
a statistical fluctuation of v/4000 ~ 63 events (1.6%). We then subtract this uncertainty from the
3.5% in quadrature to find a flux uncertainty, o, of

o5 = +/(0.035)2 — (0.016)2 = 0.031. (5.12)

As the photon flux is an important part of the differential cross section extraction, we quote this
variance as a systematic uncertainty in our calculations in Chapter 7.

5.7 Summary

To calculate acceptance for the yp — K1pr~ reaction, we have processed 300 million raw Monte
Carlo events using GSIM, a GEANT-based simulation of the CLAS detector. We then processed
the resulting accepted Monte Carlo using the same analysis software as was used for data events.
Trigger effects not included in GSIM were accounted for by a trigger efficiency cut and A decay/start
counter simulation.

Uncertainties as pertain to results calculations in later chapters have been investigated. We
assign a 3.4% systematic uncertainty to bins with /s < 1.66 GeV due to MC signal lost to particle
identification cuts. In all other /s bins, we assign a 0.7% uncertainty due to signal loss to PID cuts.
A 0.1% systematic uncertainty is attributed to fluctuations in target density. We have estimated
the uncertainty in our acceptance calculation to be /s-dependent and on the order of 5%. Photon
flux has been calculated using ¢ flux, and we have calculated the run-to-run variance in our flux-
normalized KT A yields to be roughly 3.1%.
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Figure 5.9: Shown above are KA data yields (a) and flux-normalized yields (b) per run from the
gl1a three-track analysis. Several runs show abnormal flux-normalized yields. Runs 43900, 44036,
44101, and 44102 are due to low statistics.



Chapter 6

Partial-Wave Analysis Techniques
and Amplitude Formulse

At the heart of our analysis is the powerful partial-wave analysis software suite developed by the
PWA Group at Carnegie Mellon [73, 4]. The methods contained therein are essential to our search
for excited nucleon intermediate states in the yp — KTA reaction; however, we also make use of
them in our extraction of differential cross section and polarization results. To this end, we have
exploited both unbinned maximum likelihood and binned x? fitting techniques. In this chapter,
we outline the basis and some of the formulae involved in our fitting procedures. We conclude the
chapter by providing an introduction to the amplitudes we have used to characterize the vp — K+A
reaction.

6.1 Notation

In what follows, we adopt the notation set forth in [4]. We denote the photon, target proton,
K7, and A four-momenta by k, p;, ¢, and py, respectively. In the center-of-mass frame, we align
the z-axis with the direction of the photon momentum, 12:, and use this as the axis of angular
momentum quantization. For a given particle x, we denote the mass and spin projection of x by w,
and my, respectively. The Mandelstam variables are defined in the typical manner for two-to-two
scattering [69]:

s = (pi+k)?=(g+par) (6.1a)
t = (k—q)*= (pi—pa)? (6.1b)
u = (k—pr)?=mi—q* (6.1c)

We represent the Lorentz-invariant phase space element as d®(X) = ¢(X)dX, where X is the set
of all independent kinematic variables describing the yp — K+tA — KTpr~ reaction. We assume
the detector acceptance to be dependent upon kinematics and denote it by n(X). For amplitude
formulee, we denote the Dirac v matrices (in the Dirac basis) as

0 _ ]. 0 i 0 g; 5 O 1

where 1 is the 2 x 2 identity matrix and o; are the Pauli spin matrices:

(2 )= (0 5 )= (1 0. -

66
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In fitting formulse, we denote the set of fit parameters as Z. We may then write the Lorentz-
invariant transition amplitude M as

MEXE = S 1Y 0l X) A, (O (6.4)
M, My, M f a
where o, are complex functions dependent upon fit parameters and kinematics, and A7, ., ., (X)
are the known parts of the partial-wave amplitudes based on kinematics and spin projections of the
target, photon, and final state baryon (m;, m., and my, respectively). Here, the sum over a denotes
the sum over different amplitudes that contribute to the process. The transition matrix element
expressed above represents the full reaction, yp — K Tpn—, i.e. including the A — pr~ amplitude.
Once we have extracted the differential cross section and recoil polarization observables from our
analysis, we perform binned least-squares fits to these results. We thus define the reduced transition
matrix amplitude M,., which describes only the yp — KT A portion of the reaction, as

|MT(57X)|2 = Z ‘Zaa(f’X)Agni,mw,mA(X”zv (6.5)

MG, My, MA a

where my represents the hyperon spin projection. While the binned x? fit lacks the stability of
the event-based (unbinned) fit, it allows us to include results from other analyses in our fits. These
observables are unmeasurable in gf7a, namely the double polarization observables C, and C, that
have been measured in CLAS [13].

6.2 Extended Maximum Likelihood Fitting

In order to extract differential cross sections and polarization results, we rely on an event-based
fit. The event-based fit differs from the more common x? fit in that it requires no angular binning
of the data. Whereas a x? fit will base the minimization of a fit function on its estimation of a
few points, the event-based fit treats each event individually, and thus has many more degrees of
freedom. For this reason, the event-based fit is generally more stable. We have divided our dataset
into 10-MeV-wide /s bins to facilitate interpretation of our PWA results. In each of these /s bins,
we perform a maximum likelihood fit to relevant partial-wave amplitudes. The work in this section
follows that of Chung [70] and Williams [4].

6.2.1 The Extended Likelihood Function

In any fitting procedure, we wish to find estimators, &, for the fit parameters . In a maximum
likelihood fit, the fit function that grants us access to these parameters is the extended maximum

likelihood function defined by
ﬁ" - n .
L= (n!e ) HP(m,Xi) (6.6)

in a given /s bin with n data events. Here P (&, X;) is the probability density function (discussed
below) and the term in brackets is the Poisson probability of observing n events given an expected
number 7. For an event ¢, the probability density function is represented by

_ MU, Xi)Pn(X:)p(X,)
N () ’

P(Z, X;) (6.7)
where ¢(X;) is the phase space element and n(X;) is the detector acceptance for event i. N is a
normalization factor chosen such that the integral of P(&, X;) over all possible event kinematics
is unity. Maximizing (6.6) by varying the fit parameters, Z, yields the estimators, &, which best
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describe the data. Recall that the transition probability M(&Z, X;) for event i contains the partial-
wave amplitudes weighted by the Z-dependent as. Thus, by maximizing £ we are able to determine
the magnitudes and phases of each partial wave which are most consistent with the observed data.

A vital part of the likelihood method is the calculation of 7, the expected number of events in
each /s bin. In order to calculate 7, we begin with the empirical definition of &, the total cross

section for the yp — KA reaction
N

B }-ptgtNA/At.

Here, N is the number of vp — KA scattering events, F is the number of incident photons,
N4 is Avogadro’s number, and p;, ¢;, and A; are the density, length, and atomic weight of the
target, respectively. We may also write the cross section in term of the transition probability for the
scattering event as

(6.8)

1 (20t S 2
- 4M/|M(m,X) do(X), (6.9)

where the factor of 1/4 comes from averaging over the spins of the initial state vy and proton. By
equating (6.8) and (6.9), we obtain the following expression for the expected number of scattering
events:

FpeliNa  (2m)* .
) [ 1M x)Paac) (6.10)

It is important to keep in mind that N is the expected number of scattering events, not necessarily
the number that we would have observed due to imperfect detector acceptance. In order to account
for our detector’s imperfect acceptance, we simply fold the kinematically dependent acceptance into
the integral in (6.10). Thus, we calculate the number of scattering events that we would have
observed to be

N =

— 1.7:pt€tNA 27'('
T /|M 7, X)|20(X)d® (X). (6.11)

As presented in Chapter 5, the acceptance of the CLAS detector is very complicated; we have no
way of characterizing it analytically as a function of kinematic variables. Thus, in order to perform
the integral in (6.11), we rely on GSIM, a GEANT-based Monte Carlo simulation. We generate
Nraw 7p — KT A events according to phase-space kinematics. We can then substitute the integral
(6.11) with a sum over the raw Monte Carlo events

[ M@ 0P de(x) ~ > nX)IME X)) (6.12)

NI‘&W

Each raw event, j, is then processed with GSIM and all analysis cuts resulting in an acceptance
n(X,;) = 0,1 for that event. Because we treat each raw event individually, n(X;) takes the values 0
or 1 for each j. We can then simplify (6.12) as

f dd(X) Nacc

[ M@ 0P e ~ Y M@ X)P, (6.13)

Nraw

where the sum is now over only the Nacc events that passed our detector acceptance simulation and
analysis cuts (accepted events).

All that remains in our calculation of 7 is to perform the integral over phase space, [ d®(X).
Calculating the integral for two-to-two scattering is rather straightforward and can be found in many

texts (see [69]):
d3pa 3q
_ 4
/d/q)(X) = /6 (pi +k—pr— (]) (271')32EA (271')32EK+
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|Pa |2dS2
FEAEg+

= 4(2717‘_)6/6(\[_EA_EK+)

_ 1 / a2
= dee) s

(5= (wa + wiee)?)(s — (wa — wre+)?)]?
- . 8(27)5s = : (6.14)

We can now combine (6.11), (6.13), and (6.14) to write an expression for the expected number
of observed data events as

Nace
M(Z 6.15
Nraw Z | (6.15)
where (s ( ) — ( 22
_fptétNA s — (wp + wg+ s — (wp — wr+
Ss) = Ay 647s(s — w?) (6.16)

has no dependence upon fit parameters or kinematics other than s.
We can also use this Monte Carlo method to impose the normalization of the probability density
function P(#, X). Enforcing unit normalization of P(Z, X),

1
7 X) = —— 7, X)*n(X)p(X)dX =1 1
[P@X) = 5 [ M@ X P60 1 (617)
implies that
N@) = [ M@ 0P dB(x). (6.19
Once again, we can perform the integral over kinematic variables using the Monte Carlo method:
Nacc
ddX
N(Z ! M(Z, X;)? = C(s)m, 6.19
()% S 2 WEX) =€ (6.19)
where )
8(s — A
C(s) = (s = wy) ! (6.20)

(277)4 fptZtNA.

6.2.2 Log Likelihood

As n becomes large, the product over all data events in (6.6) becomes more complicated. As the
minimization algorithm that we employ uses the partial derivatives of £ with respect to individual
fit parameters, this large product can become unwieldy. To ease calculation and optimization of the
likelihood, we take the negative natural logarithm of £ to be left with

—1In(L)

n
—ZP(f,Xi) —nlnm+Ilnn!+7

- Zln (IM(Z, X)[*0(X;:)p(X:)) + 7+ Inn! + nlnC(s)

—Zln (IM(Z, X;) Zln X)+n+Inn!+nlnC(s). (6.21)

Because the —In(£) is a monotonically decreasing function of £, minimization of —In(£) implies
maximization of £. Note that only two of the terms in (6.21) are dependent upon the fit parameters;
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in order to minimize — In(£) we need only consider these terms. Thus, we can reduce (6.21) to only
terms that interest us for fitting:

—In(L) = —Zln|/\/l X;)[? + 7 + const

Nacc

= _me Z In X;)|? + const. (6.22)
A more detailed treatment of likelihood fitting can be found in [4].

6.2.3 Background Weighting

For our two-track final-state topologies (both g/1a and glc), we use the PWA Group’s background
subtraction method to assign a @); value to each event (see §4.8 or [66]). This Q; is the proba-
bility that event ¢ is a signal event. We have seen that the majority of background events for the
~vp — Ktpr~ channel are events with a 7Tpn~ for which the 71 is mis-identified as a K+. Be-
cause KTA is the only state with associated strangeness possible in this energy regime (dictated
by missing mass off KT < 1.14 GeV/c?), we know that any non-signal events in our data sample
are non-strange background events. Because of this, we are able to treat the amplitudes for signal
and background events as non-interfering. Thus, we can include the @Q); factor for each event in the
likelihood function as [4]

Nacc

- Z Qiln|M(& Z In X;)|? + const. (6.23)

6.3 Least-Squares Fitting

In addition to the log-likelihood fitting, our analysis also makes extensive use of the more common
least-squares fitting method. Once we have extracted differential cross section and recoil polarization
results using the unbinned method, we are able to perform least-squares fits to these data. For this
analysis, the benefit of the least-squares fit is that it allows us to also fit to results of other analyses
that gZZa cannot measure. In the case of KTA photoproduction, these supplementary results are
the double-polarization observables, C, and C,, that were measured by CLAS in 2004 [13].

The fundamental difference between the least-squares fit and the unbinned method described
in the previous section is the binning of the data. While the unbinned method treats each event
in a /s bin independently (each event is then a degree of freedom for the fit), the least-squares
method considers only the results derived from these events. We say that the least-squares fit is a
“binned” fit because each point to which we fit (e.g. do/dt point at a value of cosfcp in a specific
/s bin) represents all of the events that fall within the range of that point. Due to the greatly
reduced number of degrees of freedom, the least-squares fit is generally much less computationally
intensive. In a typical /s bin for our analysis, event-based and least-squares fits to the same set of
partial waves may have = 20,000 and = 35 degrees of freedom, respectively. The vastly decreased
number of degrees of freedom does lead to a loss in stability of fit results which can be mitigated by
performing multiple fit iterations.

As in the unbinned fit, we seek to determine the estimators, Z, for the set of fit parameters ¥
for n data points. Here the n data points are the measured observables O;(X;) associated with
the kinematic values X;. These measurements may be either do/dt, recoil polarization, or double-
polarization observables, but for now, we consider only one type. The fit function in a least-squares
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fit is the x? defined as

> _ N~ (0i(X0) — O, X1))
- ) 6.24
R 621
where o, is the uncertainty associated with O;(X;), and O(Z, X;) is the hypothetical value of observ-
able O built from fit parameters and the kinematic variables of point i. For measurements pertaining
to this analysis, the O(Z, X;) are functions of a, (%, X;)AfL,, 1 m, (Xi) for the aq and A given in
(6.5).

6.3.1 Calculation of do/dt

In the case where O;(X;) = Z—‘;(X,-), we are able to calculate the differential cross section by consid-
ering (6.9). We rewrite the expression for the total cross section in differential form:
- 1 (2m)* - 9
d X)=-—1—F— X)[7d®(X). 2
o3 X) = oy MG )R X) (6.25)
We then exploit the expression for the phase-space element d®(X) in (6.14), allowing us to write
(6.25) as

- 1 (2m)* . 5 1 |paldQ
d X)=-—"—— ) 6.26
70 = 33 ME P g o (6.26)
Using the expression for ¢ given in (6.1), we can write ¢ explicitly as
t = wp+w} +2E;Ex + 2|5;][Pa| cos fcn
2
9 2 . ST Wy,
= w, +wj +2E;Ex + |Pa| cos O, (6.27)

NG
where cos Ocpr is the center-of-mass production angle of the K. Taking the differential and rear-
ranging leaves

Vs o dt

dcos 6 = —— 6.28
Substituting this into the solid-angle element in (6.26) gives
) Lo@mt o 1 [l VE dtds
d X) = ———~— X WAl
G'(xu ) 42(3_wg)|M($» )| 4(271‘)6 \/g 5_w[2; |ﬁA|
1
= 7, X)|?dt do. 6.29
Integrating over ¢ yields
do 1
— (%, X) = ————— |M(Z, X) % 6.30
7 ) = G ME ) (6.30)

Calculations of the other observable quantities (Py, Cy, C.) are left to Chapter 7.

6.4 Fitting Multiple Datasets

We often find it advantageous to include information from multiple /s bins into a single fit. In such
situations, we must construct a fit function (x? or £) that accounts for all datasets equally. We
construct this total fit function, ¢, by simply summing the fit functions from all datasets:

Ng
b= v, (6.31)
d
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where 14 is the fit function from dataset d, and Ny is the total number of datasets being fit. We
should note that for (6.31) to be consistent, the 14 must all be either x? or —In(L) functions.

6.5 MINUIT

In order to perform fits with many degrees of freedom, significant computing power is needed.
Fortunately, the software that we use to handle the minimization of fit functions and calculation
of fit parameter errors, MINUIT, is an efficient, well-vetted standard in the experimental physics
community [71].

We specifically employ a MINUIT minimization algorithm called MIGRAD, which is based upon
the Davidon-Fletcher-Powell (DFP) variable metric method. The DFP is an iterative process that
assumes that the gradient §(Z) = VF(Z) of the minimization function F(Z) with respect to the fit
parameters & can be calculated explicitly. In the majority of our fits, we supply MIGRAD with
randomized initial values, &g, of the fit parameters. MIGRAD then uses the gradient of §(Z) to find
another value of the fit parameters, #, for which F(#) < F(Zy). The &y are then replaced by the #7,
and a new set of fit parameters, ¥ is found in the same manner. MIGRAD repeats this process until
the difference in the minimization function between consecutive iterations, 0F = F(Z,,) — F(Zp-1),
is less than some user-defined tolerance.

In order to speed the calculations, we supply MIGRAD with partial derivatives of the fit functions
with respect to the fit parameters. In the case of the log-likelihood fit,

" R Nace -
d(~InL) ZQ( 1 8M(x,Xi)2> L S6) 3 oM(&, Xi)l* (6.32)

8xj |M(f7XZ)|2 8wj NI'aW 81'3’

For the least-squares fit to do/dt measurements, the gradients can be computed as

o* 1 IIM(Z, X)IP\ o= 2 [do do
o, (et o) (@69 &) (6.33

For both cases, we compute the partial derivatives of the | M (%, X)|? as

OME X _ D0, (7, X.) o
~ o, = 2 WL T T A @ XA | (63

My, My M f a

6.6 Partial-Wave Amplitudes

The theoretical basis for our partial-wave analysis has been developed by M. Williams and C.
Meyer of the CMU PWA Group. The group’s method uses a covariant framework to construct
fully Lorentz-invariant amplitudes, removing any frame-dependence to calculations. The foundation
of this technique is the eponymous Rarita-Schwinger presented in [72]. In this framework, we use
the Dirac spinors and polarization and angular momentum tensors familiar to quantum field theory
calculations to describe initial and final states in our analysis. We combine integer-spin polarization
tensors and Dirac spinors to create polarization tensors for the N* states.

The complexity of the resulting amplitudes and the overwhelming number of events we consider
in an event-based fit requires powerful and efficient computational methods. (Recall that likelihood
fitting requires us to compute the complex value of each amplitude for each data, accepted and raw
Monte Carlo event.) The qft++ package developed by M. Williams is a C++ computation package
that allows us access to the machinery of covariant field theory calculations via an elegant interface
[73]. For event-based fits, we use qft++ to calculate these amplitudes explicitly based on the 4-
vectors associated with individual particles in each event. For binned fits, we generate 4-vectors
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corresponding to the kinematics represented by fit points. We then calculate amplitudes based on
these kinematics and calculate observables from these amplitudes.

In this chapter, we provide formule for the amplitudes used in this analysis. Amplitudes describ-
ing resonant processes (excited nucleon intermediate states) are not specific to this analysis, and a
more detailed treatment can be found in [4].

6.6.1 Fundamentals

Here we present the basic building blocks of the covariant tensor formalism. The construction of
these objects can be found in [74] and [4]. We for four-vectors notation, we use the (ct, z,y, z) basis.
The Dirac spinors u representing a spin—% particle with momentum p, energy E, mass w, and spin
polarization m = :t% are denoted by

wtpom) =B+ 3 ) (6.35)

E+w

where x is the two-component spinor of the particle. We define the adjoint spinor, u as
= ul~. (6.36)

We can write the polarization vector e*(p,m) for a spin-1 particle with momentum p and spin
polarization m as

e (p,m) = A, (p)e” (0, m), (6.37)

where A% (p) is the Lorentz boost characterized by momentum p and €”(0,m) are the rest-frame po-

larization vectors constructed to be the eigenvectors of the S? and S, angular momentum operators:

1 , , B
E(o, 1,44,0), €(0,0) = (0,0,0,1). (6.38)

We can use the spin-1 polarization vector to construct the rank-2 polarization tensor, e,“,(p7 m),
which describes a spin-2 particle:

¢(0,+1) = F

euw(pym) = Y (Im1 Ima|2m)e, (p,m1)e, (p,mo), (6.39)

mi,m2

where (1m; 1mg|2m) is the Clebsch-Gordon coefficient which couples spin (1m;) and (1ms) states
to a spin (2m) state. For integer J > 2, this process is generalized to build the rank-J polarization
tensor that describes a spin-J particle:

6;{1;@.,,;” (pa m) = Z ((J - 1)TnJ—l 1 mll‘]m)euluzmu‘/a(pv mJ—l)eﬂJ (pv ml)' (6'40)

mj—1,mi1

We can now combine (6.40) and (6.35) to construct the polarization tensor for a half-integer-spin
particle with J = n + % > % This rank-n tensor is built from the spin-n polarization tensor and
the spin—% Dirac spinor as

1
Uy pro...pin, (pam) = Z (nmn §m%|‘]m)€mu2~-~un (p’ mn)u(pam%) (6'41)

Mnp,M 1
2
We construct integer-spin projection operators as

,P;,{l,llzz...,ll,JV:[VQH.l/J (p) = Z 6/1«1l1«2~~~l»1«J (p7 m)ezlug‘..u,z (p7 m) (642)

m
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and half-integer-spin projection operators as
1
J p—
P/Ll/}.g.../}.]ﬂll/Q...l/] (p) = % Z u#l#Q-nﬂJ (p7 m)uV1V2---VJ (p7 ’ITL) (643)
m

Finally, for two particles a and b with momenta p, and pp, we construct the spin-£ orbital angular
momentum tensor Lffl)w___w as

4 Lp(L (2% v,
LELl)/J,Q...[.L[ (pab) = (_) ,P;(l,l)[tg...ﬂeylug...Vg (P)pabpai"'pai’ (644)

where P = (p, + pp) and pap = %(pa — pp) are the total and relative momenta of the ab system.

6.6.2 The A — pr~ Decay Amplitude

Because we concern ourselves with extraction of the A recoil polarization, it is necessary to include
the amplitude for the A — pr~ decay explicitly in our amplitudes. We follow the treatment of [75],
which writes the transition amplitude as

AA—>p7T_ = EP(A - B’Y5)UA
E, +w,\"? , G- py
= —_ A+B——— 6.45
( 2w, ) Xp A+ B tw, ) X (6.45)
where

— Ep, + wp Yz + 7Py t
= e —_ 6.46
Up ( 2wp > Xp7 Ep+prp ( )

T (XOA ) (6.47)

are the 4-component Dirac spinors in the A rest frame and A and B are constants. In order to
calculate the values of A and B from measured quantities, we follow [75] and rewrite (6.45) as

Ep +wp

1/2
) o a7 (6.49)

AA—>p7-r* = (
with ¢ = A, y = |pf|B/(Ef + wp), and 1 = py/|py| denoting the unit vector along the direction of
the proton momentum. These parameters can be related to the quantities that characterize the A
decay, a— and A, defined as

o apmy_ 2elyleos(A)
P+ T T Jel2 Ty

(6.49)

Here, A is the relative phase between the two terms in the decay amplitude. The values of a_ and
A have been empirically determined as a— = 0.642 +0.013 [5] and A = 7.7° £4.0° [75]. Using these
values, we set |z| = A = 1 and calculate B/A = 6.88¢'2, absorbing the A decay normalization into
an overall scale factor for each full production amplitude. Thus, we write the final decay amplitude
as

Ap - = Tp(1 — 6.88¢"5)up (6.50)

For least-squares fits to KA production results, we do not include the A — pr~ amplitude in
the full amplitudes. In order to compare fit results from these fits and event-based fits in which the
full A decay is used, we have calculated the average magnitude of the decay amplitude to be

<|~AA—>p7r— |> = (<|AA—»p7r— |2>)

Y2 9184 (6.51)
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t-channel u-channel

N

s-channel

Figure 6.1: Shown above are diagrams characterizing the yp — KA production mechanisms con-
sidered in this analysis. (Image produced by [76].)

by averaging over raw Monte Carlo events. This factor can is used in comparing amplitudes with
and without the A decay included:

‘A’Yp—)K+A—>K+p7T_ ~ A'yp—)K+A<“AA—>p7T_ |>7 (652)

where A, g+a—kxt+ppi- and A, g+a are amplitudes with and without the A — pr~ decay,
respectively.

6.6.3 Non-resonant Processes

We consider several non-resonant production mechanisms: ¢-channel K+, K*(892), and K;(1270)
exchanges and u-channel A exchange. These choices are motivated by the work of Adelseck and
Saghai [78]. Diagrams characterizing these amplitudes are given in Figure 6.1. The amplitude for
each of these processes is then dressed with a monopole form factor for each of the two vertices to
model physical particle sizes.

t-channel K Exchange

The most basic possible t-channel process is exchange of a virtual pseudoscalar particle with strangeness
+1 (i.e. the KT meson). The amplitude for this process is written quite simply as

K(bare . _ "
AW(HIH)A = z(gK+)u(pA,mA)75u(pi,mi)it 5—que", (6.53)
— Wk+

where gg+ is an overall scale factor for the KT exchange process, ¢ is the 4-momentum of the
external K+, and ¢ is the photon polarization vector. We then add a monopole form factor for each
vertex to get

AE i n = Fu(towie, Ayrcrc) Fon (£ wie, Arepn) AR (6.54)
where the F' take the form
A% — w?
Fo(t,w, A) = AT (6.55)

and the As are the cut-off mass for the interaction. Thus, the t-channel 0~ exchange amplitude has
three fit parameters (gg+, Ak i, and Agpa).
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t-channel K* Exchange

There are two distinct Lorentz-invariant amplitudes that we can construct for the ¢-channel vector
meson (K*) exchange. In what follows, we represent the momentum and spin of the exchange
particle as # = k — ¢ and m,, and the K* mass is denoted by wg+ = 891.66 MeV /c?. The first
amplitude, which we refer to as the K73, (electric coupling) amplitude, can be written as

AL = (or >u<pA,mAWu(m,mi)eu(x,mz)t_L?{emf“e:«c,m)qakm(k,mm (6.56)
where gx: is an overall scale factor for the process, €,(z,m;) and €,(k,m,) are the polarization
vectors of the exchange particle and the incoming photon and e**®? is the Levi-Civita tensor.
Because the K* is an intermediate particle, and is not directly observed, we must sum over its
possible spins states m,. Thus, we use the projection operator Pﬁ) (p) for a spin-1 particle with
momentum p, written as [69]

PLB) = eulp,m)es(pm) = g + p;f”. (6.57)

m

Adding the sum to the amplitude leaves us with

Kp(b _ 1 .
ATFUER = D amy o ma)y ulpi ma)e (. me ) e e (. ma)gakgen (k. ms)

*
My K

x,T
eyaﬂ/\qakgq(k,mfy) <_g/w 4 /‘2”>

_ 1
= (gx)ulpa, ma)y ulpi, mi) 7— 5 Wl

2
t_ K*

1
= (gKg)ﬂ(pA7mA)7uu(piami)TeuaﬁAQakﬁek(kvm’y)v (6.58)

t—w.
where the last step follows from e“”"ﬁpupl,qakg = 0 for the totally antisymmetric tensor e**S.
The other possible amplitude, the magnetic coupling, can be written as

AK;‘u(bare)

) _ M .
N ZZ(QK;,)U(]?A,mA)I“U,fu(pumi)éu(JC,mm)ﬁéxﬂméa(%mz)%k,\%(knmw)
My

t— wi.

= i(gxz, )u(pa, ma)z" ot u(pi, m;) €PN gskres(k,m,), (6.59)

2
t— Wi

where 0/ = £[y,,7"] is the Dirac o matrix and gg: is the amplitude scale factor. As in the 0~
exchange, we apply monopole form factors at each vertex:

K K5 (bare
ALE oy = Fultowe AP Fo(t wiee AR, ) AZFOE (6.60)
K* K, (bar
ABM on = Bt wie A ) P (twgee, AL O AR MG (6.61)

Note that amplitudes given in (6.60) and (6.61) each contain three fit parameters.

t-channel K;(1270) Exchange

Finally, we consider exchange of the pseudovector (11) K;(1270). This amplitude can be written as

K (bare _ U
Awﬁ}ﬁi& = Z(gKl)U(pA,mA)’y“VSU(pi,mi)eu(x,mx)me ($,mx)€u(k7m7)
mg K1
1
(9, )u(pa, mA)’Y”’)’SU(pi, mi)P,SI) Y (, mx)mﬁu (k,m), (6.62)
K
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where g, is the amplitude scale factor and wx, = 1.272 GeV/c?. We apply monopole form factors

to get
K (bare
.A,IY(;‘}KJFA = Fm(t, WK, , A'yKKl)Fm(ta WK, , AKlpA>A7pliK+3\. (663)

Thus, Aff;_} s+ also contains three fit parameters.

u-channel %+ Exchange

+ .
For yp — KA, u-channel processes can proceed through the exchange of a J = % particle. In

this analysis, we consider exchanges of both the ground-state A and the excited hyperon A(1800).
For the u-channel processes, the exchange momentum is given by x = p; — ¢, and m, is used to
denote the spin of the exchanged baryon. The amplitudes for these processes differ only in the mass
dependence of the propagator, so we may write the amplitude for the u-channel process as

u(bare — 1 —_ v
Anbere) = Z(gu)U(pmmA)75U($7mx)WU(x,mx)k"aws (k,my )u(pi, mi)

My r

J— 1 v
= (gu)u(p/\7 mA)’Y5P1/2(fL’)u — w2 kMO—HVE (k7 m“/)u(piv mi)

T

(6.64)

where g, is a scale factor, w, is the mass of the exchange particle, and 'P%((E) is the projection
operator for a spin-% particle with momentum x. We then apply a dipole form-factor to the amplitude
to get

Al een = Fa(u,wg, A) Y0, (6.65)
where
A4
Fd(u, w, A) = m, (666)

and A is the mass cut-off for the form factor.

s-channel Proton Exchange

We also consider the s-channel exchange of the (off-shell) proton. Following the work of [24], we
construct the amplitude for this diagram as

) ; = 1
A ren = D ilgran)alpa, ma)y ulw, me) ——
x(x, mz) (ey”ea(k, my) + 1y kigy e, (ko my) yu(pi, mi) (6.67)
1
_ , _ ;
= Y ilgran)u(pa,ma)y —

My p

xP(x) (e €alk, my) + Mp'yﬁkﬁ'ypep(k7 mey ) )u(pi, mi), (6.68)

where x = k + p; is the exchanged momentum, and e and p, are the electric charge and proton
magnetic moment. Note that this amplitude differs from that of s-channel resonant processes in that
its propagator is evaluated at the proton mass (w, = 938.272 MeV). Here, gxan is the coupling
factor associated with the final state vertex. The value of this factor has been estimated, but these
estimates are typically the results of large-scale fits or ad hoc SU(3) relations to the 7NN coupling.
These values range between 3.6 [24] and 11.5 [77]. We discuss this diagram and its effect on our
analysis further in §9.2.
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6.6.4 Resonant Processes

The most important amplitudes for our analysis are the s-channel amplitudes that describe KA
photoproduction through an excited nucleon (N*) intermediate state characterized by spin and
parity J. We use these amplitudes for our “Mother Fit” as well as for resonance searches in
our partial-wave analysis. One of the interesting features of the yp — KA reaction is its isospin
filtering; the A resonances (In = 2) do not couple to the K*A (Ix = %, Iy = 0) final state.
The full yp — N* — KTA can be treated in two halves: the production amplitude vyp — N*
(“%Jrl’ — JP7), and the decay amplitude N* — KTA (“JF — 0’%+”). In what follows, we refer
to the momentum and spin of the intermediate N* as Py and My, respectively. Here, we follow
the work of [4].

The J© — K*tA Amplitude

We first consider the J” — KA amplitudes for which P = (=)7*2. Below, we denote the Dirac

spinors of the A and J states as (pa,ma) and u(Py, My), respectively. Beginning with the

JP =1 state, we have

A%*HKJrA ~ (pa, ma)u(Pn, My), (6.69)

as the decay can only proceed through an S-wave. For the J&. = %Jr, we must couple the initial and

final states by adding a unit of orbital angular momentum (P-wave). This amplitude is constructed
by adding the L = 1 orbital angular momentum tensor, L,z(})(pKA> to get:

A%+HK+A Nﬁ(pA,mA)L/(})(pKA)UH(PNaMN)v (6.70)

where pgp = %(p;( — pa) is the relative momentum used to define LM, This can be generalized to
give the decay amplitude

AJP—>K+A Nﬂ(pl\amA)LLél)p,g...uz(pKA)u#IHQMHZ(PNvMN)v = 1,2,3,... (671)

Next, we consider J states with P = (—)J*%. The %Jr — KT A decay can proceed only through
P-wave, with an amplitude written as

Ast L gea ~@(pa, ma) Ly, (pra)y 7 u(Pyn, My), (6.72)

where the +° is included for parity conservation. This form is easily generalized to higher .J:

Age_geen ~ A mA) LYy (DAY U (P, My), £=1,2,3, ... (6.73)

The vp — J© Amplitude

In our above treatment of decay amplitudes, we constructed amplitudes in definite states of L — S.
If we use the L — S basis for the production amplitudes, the amplitudes for different couplings to a
given JF differ only by a factor of the center-of-mass energy [4]. Because we group events according
to center-of-mass energy, the amplitudes for these couplings for any event would differ only by a
constant, rendering our fit insensitive to the differences in the amplitudes.

To avoid this problem, we write production amplitudes characterizing the vp — J¥ reaction in
the multipole basis. In this basis, we think of the photon spin as coupling to the orbital angular
momentum of the vp system to produce a state of pure spin and parity denoted by jP. This 47
is then coupled to the proton spin to produce the J¥ value of the N*. Because both the photon
and proton have their momenta aligned with 2, we can conclude that £, = 0. Thus, m, = £1 and
mg = 0 combine to give m; = 1 and j cannot be 0. We divide the amplitudes into two types:
electric coupling with p = (—)7 and magnetic couplings with p = (—)?T!. We denote the states with
jP =17,2% ... by E1,E2,... and those with j» = 17,27, ... by M1, M2, ... Table 6.1 summarizes
the quantum numbers of the different multipole states.
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JE [ Mulitpoles | €y, | £y | lpry
(3)~ El 0| 2

(3)* E1,M2 2 10| 2
(5)* M2,E3 2 [ 2| 4
(%)* E3,M4 4 12| 4
G| MaEs | 4 | 4] 6
(5)F M1 1|1

Gyl oviE2 | 1|1 o3
G| E2M3 | 3|1 |3
(%)+ M3,E4 31315
G| BaMs | 5 | 3| s

Table 6.1: Quantum numbers describing multipole couplings for yp — J¥. In the left column, J*
gives the total spin and parity of the system (and thus of N*). In the right three columns, the £,,’s
give the orbital angular momenta between proton and 7. These quantum numbers are then coupled
via either the electric or magnetic multipoles to the J¥.

+

Couplings to J¥ States with P = (—)/tz = {37,272 .}

We first consider the J© = %7 amplitude. In order that we conserve angular momentum and parity,
the photon and proton must be in an £ = 0 or £ = 2 state. Coupling the photon to the ¢ = 0 state
gives 7P = 17, whereas the ¢ = 2 state can give j? = 17,27,37. As described above, we must then
couple the 5P states to the proton spin to get J¥. Only the j7 = 1~ states can couple to the proton
(%+) to yield JF = %_. Hence, we say that the J© = %_ state couples only to the E1 multipole

and we write the amplitude for this process as

AP~ (P, M)y s, mi) (P (Pa)e” (kms) )

=35~
~ T PN7MN)7”75u(pi,mi)e“(k,mw). (6.74)

Next, we consider the JF = %+ state. Allowed ¢ values of the p system for this reaction are
¢ =1 and £ = 3. The photon can couple to £ = 1 to give j# = 17,2%, and to £ = 3 to give
jP =2%,3% 4%, Of these, only the j» = 17 (M1 multipole) and j? = 27 (E2 multipole) states can
couple with the proton to give J* = %+. The discarded E2 amplitude from the ¢ = 3 coupling has
the same angular distribution as that of the £ = 1 coupling. Because the £ = 1 coupling represents
both multipoles, we may discard the ¢ = 3 coupling and write the amplitude compactly as

o+ , .

AL T (P, MY P (P )LD () (s ), (6.75)
where pp, = p; —k, and mp = j* characterizes the multipole (j = 1 for magnetic, j = 2 for electric).
This amplitude can be generalized by extension of the projection operator and angular momentum
tensor to yield amplitudes for higher J states:

A™P=IT Huluz-..waDN’MN),yu,y:ip(j)

£
yp—JF ,ulp,g.../,Lgualozg...ag['}(PN)L( Jarez...op (pP’Y)eﬂ(k7 m"/)u(pi7 mi)a

(6.76)
where { = J -1, j=J—-Lorj=J+3 andp= (=)/*2. For each J¥ > 1, there are two
possible multipole couplings, one electric and one magnetic.
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Couplings to J” States with P = (—)J_% =1{3 ,% ,%+,...}

Finally, we consider amplitudes for couplings to J¥ states with P = ()’ “3. We begin with

JP = %f Here, ¢ = 1 is the only possibility for the angular momentum of the vyp system. ¢ can
couple to the photon spin to give j# = 17 or 2%, however, only the 1 (M1 multipole) can couple
1t

with the proton to give total J* = 5 - We can write the amplitude for this process as
AN v~ (P, My )y L (oo )" (b o Ju(pi, ma). (6.77)

The JP = %7 state can be created with the yp system in either the £ = 0 or £ = 2 states. These
couple to the photon to give j» = 1~ for £ = 0 and j? = 17,27,3~ for £ = 2. Of these, only the
jP =17 and jP = 27 states can contribute. We may write the amplitude for both of these processes

as

AT W (P, MY Py oo ()L (9 e (ks Yu(pr ), (6.78)
where j =1, 2.
This can be generalized to higher J states with P = (—)/~2 as
%ijJP ~ Rt Py MN)’YM’VWH7),(1{),‘2‘,.M+1u1u2.“ue+1(PN) X
L(Z)uluz...uul (ppry)euul (k’ m'y)u(pia mi)7 (679)

where £ = J + %, j=J- % orj=J+ %, and p = (7)"’%. Once again, each J© > %4_ has one

electric and one magnetic coupling to vp.

6.6.5 Constructing the yp — J© — K*A Amplitude

We can now combine amplitudes for yp — J¥ and J¥ — KTA to construct the amplitude for the
the full yp — JP — KA reaction. We define the quantities Xprop and Xprcay from (6.71),
(6.73), (6.76), and (6.79) as

V@12 by 1

A’YPHJP = ﬂﬂlllzu#]_% (PNa MN)XPROD : el,(k, mv)u(pi, m;) (6.80)
_ Hle-#{;,%
Apr+n = UPama)Xppoay Umuz.i.u‘,f% (Pn, My). (6.81)

Xprop and Xpgcay are thus the “meat” of the production and decay amplitudes. To create the
full amplitude, we simply combine A.,,_, ;» and A;r_ x+x and sum over the possible spin states of
the intermediate J¥ state:

H1M2--<NJ,%

A’yp—>JP—>K+A = Zﬂ(pAamA)XDECAY uﬂllt’é’-“/“},% (PN7MN)HV1V2...VJ7% (PN7MN) X
My
l/l/ll/Q...l/J7l
Xprop *eu (K, my)u(p;, mi)R(s)
H1p2.pby 1
Apgrog+n = uPa,mA)Xppoay ZPuluz---uJ,%'/wz---vJ,%(PN> X
Vlllllz...VJ_l
Xprop — *ev(k,my)u(pi,mi)R(s), (6.82)

where R(s) is included as the mass dependence of the JE state. Because we bin finely in /s, we
are able to treat R(s) as a bin-dependent (complex) constant and extract the s-dependence of the
JP state by performing independent fits in each bin.
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6.7 Summary

In this chapter, we have developed the machinery of our fitting procedure. The methods and
formulee used for both likelihood and least-squared fits are described. We provide a brief synopsis
of the covariant tensor formalism used for amplitude calculations. We motivate and construct the
amplitudes used for resonant s-channel and non-resonant ¢- and u-channel photoproduction of the
KT A system as well as the A — pr~ decay amplitude. These techniques are used both for extraction
of results (Chapter 6) and our partial-wave analysis (Chapter 8).



Chapter 7

Differential Cross Section and
Recoil Polarization Measurements

In the previous chapters, we have described all of our methods for extracting vp — KTA yields
from the gl1a dataset. We have also outlined our calculations of the detector acceptance and
photon normalization. In this chapter, we combine these three elements to extract the measureable
quantities characteristic of the reaction given an unpolarized beam and target: the differential cross
section and A recoil polarization. Results are given from both the two- and three-track final state
analyses. We note several features of the differential cross section and polarization results that are
interesting in light of the search for excited nucleon states. We conclude by comparing these results
to previous measurements.

Here, we remind the reader that we have fully developed two analyses of KTA production in
the gl1a dataset: the KTpr~ and KTp(m~) topologies. In this chapter, we present measurements
from these independent analyses. The level of agreement displayed by the results of the two analyses
lends credence to our treatment of CLAS acceptance, signal extraction, and systematics described
in the previous chapters.

7.1 The Mother Fit

In Chapter 4, we described our method of acceptance calculation using GSIM and phase-space
vp — KTA — KTpn~ Monte Carlo events. As described, this method is incomplete because the
phase-space distribution of Monte Carlo events does not necessarily match the data distribution
created by more complicated production processes. Past analyses ([13]) have investigated the effect
of a more “physical” Monte Carlo on acceptance calculations by producing Monte Carlo events
according to a forward-peaked cosfcpy distribution (thus modeling ¢-channel production) [79].

We ensure the best possible match of our Monte Carlo and data by performing a “complete”
expansion of the data in each /s bin. For this fit, we use the maximum-likelihood method (see §6.2)
to fit the set of s-channel vp — J¥ — K+tA — K*pr~ amplitudes with %i < JP < %i to the
data. Herein, we refer to this fit as the “Mother Fit.” We do not interpret the results of the Mother
Fit as physics results; rather we only exploit the fit as a nearly complete expansion of the data in a
set of basis functions. For the level of complexity of the KTA channel, the amplitudes used in the
Mother Fit constitute a basis complete enough to describe the data in all physical distributions and
correlations.

82
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7.1.1 Amplitude Parametrization

As described in §6.6.4, the s-channel amplitudes with J* = %i have only a magnetic or electric

multipole coupling and are each parametrized by two (real) fit parameters. For the purposes of our
fit, these amplitudes can be written as

iy 4 A—pr—
— 5 pT
A"/p*)%+*>K+A—)K+p7T7 - T%+6 2 AmA,mf AElﬂnivm'wmA (71)
i¢1 - A— -
1 pm
A'yp~>%7~>K+A4>K+pTr* 7’%76 2 AmA,mf AJWLmi»"”'wmA? (72)

where r1+ and ¢.+ represent overall scale and phase parameters, respectively, and A%}”jj{; and
1 ;

A Pm; m,,m, are the amplitudes for A decay and production for the specified spin polarizations.

As such, the JF = %i amplitudes contribute a total of four parameters to the Mother Fit.
Amplitudes for J > % are complicated by the fact that for each J¥, both electric and magnetic
couplings contribute. We are able to remove the ambiguity in the production and decay couplings

for a given J* amplitude by writing the full amplitude as

. U
Apgp kAo iApne = fup(050)r pei®s” Avrin iy AMPms my ma s (7.3)

where M P denotes the specific multipole coupling. 6;r is a fit parameter included to allow the fit
to manipulate the ratio of the two multipoles through the function f defined as

Fap(0) = { (7.4)

cos@jr  for electric multipoles
sinf;r  for magnetic multipoles

This parametrization requires the J© — K+A decay coupling for a given J¥ be the same for both

multipole productions while providing freedom in the relative strengths of the multipoles. Through

the use of these trigonometric functions, we ensure that Z fip = 1. Thus, from each J¥ partial
MP

wave with J > %7 we have three fit parameters. Taking into account all of the partial waves used,

we see that our Mother Fit contains a total of 64 independent fit parameters.

7.1.2 Fit Accuracy

The outcome of the Mother Fit is a weight for each accepted and raw Monte Carlo event given by
the final fit parameters and amplitudes. We are able to check how well the fit matches the accepted
Monte Carlo to the data by comparing data and weighted accepted Monte Carlo distributions in each
/s bin. For our reaction, for a fixed center-of-mass energy, there are three physical parameters that
characterize the reaction: the production angle (cys) defined by the K+ trajectory and the z-axis
(photon momentum direction) and the proton polar and azimuthal angles in the A-helicity-frame
(0% and oL p).

Figure 7.1 shows the effect of the fit weighting on the production angle distributions for two /s
bins for both the two- and three-track topologies. Shown are the cos 0%, distributions of the data
and accepted Monte Carlo before and after weighting by fit results. We see that the agreement
in this distribution between the weighted accepted Monte Carlo and the data is excellent, a good
preliminary indicator that our Mother Fit is working. It is also interesting to note that in the lower
center-of-mass energy bins, the effects of the the fit weighting are less drastic; the difference between
the phase-space Monte Carlo and the data is slight. However, for higher energy bins where the KA
production is dominated by t-channel exchange, the fit weighting is dramatic.

We must also ensure that correlations between the characteristic kinematic variables are properly
matched. Figure 7.2 shows the effects of fit weighting on the ¢} ;- v. cos@} ;- distributions in bins
of cos Gg a for both the two- and three-track topologies. Physics and detector acceptance combine to
make the two-dimensional data distributions far from flat. We find that the weighted Monte Carlo
distributions match those of the data in all kinematic correlations and deem the fits effective.
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Figure 7.1: Shown above are cos 0%, yields for the data (black) and Monte Carlo before (blue) and
after (red) fit weighting. The top plots show the distributions for the three-track topology in the (a)
/s =1.905 GeV and (b) /s = 2.305 GeV bins. The bottom plots represent the two-track topology
distributions for the (c) v/s = 2.105 GeV and (d) /s = 2.705 GeV bins. Overall agreement between
data and weighted accepted MC is very good.
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(©) (d)

Figure 7.2: Shown above are plots of ¢ ;- v. cos6f . for data and weighted accepted Monte
Carlo in bins of cos6%,,. Plots (a) and (b) show the data and Monte Carlo events (respectively)
in the range 2.000 GeV < /s < 2.050 GeV from the three-track final-state topology. Plots (¢) and
(d) show the data and Monte Carlo events in the range 2.500 GeV < /s < 2.550 GeV from the
two-track final-state topology. In each figure, each of the nine plots represents a 0.2-unit-wide bin
in cos ang from backward angles at top left to forward angles at bottom right. The axes in all
plots show the same ranges (—7 < ¢ < 7, —1.0 < cosf < 1.0). All correlations present in the data
are represented in the weighted Monte Carlo.
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| Factor | Value \ Description | Source |
Ay 1.00794 g/mol target atomic weight
Pt 0.0717740.0008 g/cm? target density [4]
4 4040.05 cm target length [45]
Ny 6.022141x10% mol~! | Avogadro’s constant [5]

Table 7.1: Table of g11a Target Factors

7.2 Differential Cross Sections

For scattering processes, the differential cross section, do is a measurable quantity that describes
the likelihood of an interaction for a given set of kinematics. For a photoproduction experiment such
as KT A production in g11a, do is a measure of the probability per unit incident flux that the KA
final state will be produced per unit solid angle. The differential cross section is a quantity that is
inherent to the initial-state particles. For this analysis, a measurement of the yp — KA differential
cross section is of great interest, as discrepancies exist among world data for the reaction. In this
section, we present differential cross section results from our analyses of both two- and three-track
final-state topologies.

7.2.1 Calculation

In what follows, we quote differential cross section measurements as a function of cos Gg - As such,
we calculate do/dcos 05, for a given kinematic range as

do < Ay ) Y(V/3.080) (7.5)
deos0F,, — \F(V/5)pliNa) (AcosOE,)n(V/5,08,,) '

where Ay, p;, and {; are the target atomic weight, density, and length (respectively), N4 is Avogadro’s
constant, F(y/s) is the corrected number of photons impingent on the target in each /s bin, and
Acos6E,; = 0.10 is the width of our binning in cos#%,, and is the same for all kinematic regions.
A summary of the values of target factors used in this analysis is given in Table 7.1. For the
three-track analysis, Y(/s,cos 05,,) is the detected data yield in each (/s,cos65,,) bin. For the
two-track analysis, we consider the weighting of each event from our background subtraction method
by calculating the data yield to be

V(V/s,cos08,,) ZQu (7.6)

where N is the number of data events in the (y/s, cos 05, ,) bin and Q; is the estimated signal fraction
at the kinematics of event 7 (see §4.8). We calculate the acceptance in a given bin as

Nace

> IMP

n(Vs, cosbE,,) = Nzawi (7.7)

> IMyP
i

where Ny and N4, are the numbers of accepted and raw Monte Carlo events in the (1/s, cos Hg o)
bin, and |M;|? is the event physics weight calculated from the results of the Mother Fit.
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] Source | Value | Description \
Particle Identification 0.11% | signal loss to PID, three-track analysis (§4.5.1)
0.45% | signal loss to PID, two-track analysis (§4.5.1)
3.4% two-track MC for /s < 1.66 GeV (§5.2)
Confidence Level Cuts 3% data/MC loss due to CL cut [80]
Acceptance 3-6% Acceptance study (§5.3)
’ A — pr~ Branching Fraction \ 0.5% \ exp. uncertainty in BF [5] ‘
Target Density 0.11% std. dev. of target measurement per run [4]
Target Length 0.125% target survey precision [45]
Photon Normalization 7.3% based upon run-to-run normalized yields [80]
Photon Transmission Efficiency | 0.5% propagation of photons to target [80]
Live-time 3% DAQ live time [4]

Table 7.2: Table of Systematic Uncertainties

7.2.2 Uncertainties

Statistical errors in each (1/s,cos05,,) are given by

y for three-track analysis
2 _ N
v Y+ (Z 0g,)?  for two-track analysis (7.8a)
Tose = Mo (7.8b)
U?aw = Nyaw- (7.8¢)

Table 7.2 gives a summary of the values of systematic errors that apply to this analysis. The
systematic uncertainty of our acceptance calculation has been discussed earlier in this text, as
noted. Values for the normalization uncertainties can be found in [80]. Exact numerical values for
the overall systematic error for each do point are given with the results in Appendix A. Overall
normalization uncertainty combines photon normalization, photon transmission efficiency, and live-
time uncertainties for a total of 7.9%. All of the uncertainties in the Table 7.2 combine (sum in
quadrature) for a total systematic uncertainty of ~ 10.4% (dependent upon analysis topology).

7.2.3 Results

We have calculated differential cross section measurements for the vp — KA reaction from the
two- and three-track analyses independently. Figures 7.3 through 7.9 show the final do/d cos 0,
results in each /s bin (10 MeV wide). The numerical values of the results can be found in Appendix
A. We present no differential cross section measurements for the /s = 1.955 GeV, 2.735 GeV, and
2.745 GeV bins for reasons discussed in §5.5. Error bars on the points in these figures represent
statistical uncertainties as described in eq (7.8a). In all, we present measurements at 2076 kinematic
points.

Several features of the differential cross section are worth noting. At low /s values (1/s < 1.89 GeV),
the cross section is relatively linear in cos Gg - Above /s = 1.89 GeV, a backwards peak is present
in do, and by /s ~ 2.39, we observe the backward and forward peaks to be separated. At all
energies above /s &~ 1.94 GeV, the forward peak in the differential cross section is recognizable. For
energies above /s &~ 2.4 GeV, the forward peak dominates the differential cross section, suggesting
the dominance of ¢-channel production mechanisms. In the energy range 2.0 GeV < /5 < 2.7 GeV,
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we observe many interesting, localized features in the differential cross section, suggestive of higher-.J
resonant production mechanisms.

These plots also illustrate how much larger the acceptance is for the two-track topology. Though
the three-track analysis is perhaps simpler due to its very low background levels, the two-track
analysis is essential for understanding K ™A production near threshold and at backward angles.

Global differences between results from the different topologies are minimal. To illustrate this,
we calculate the weighted difference between the two results in a given (y/s, cos 65,,) bin as

A(V's,cos08 ) = i

Vo T 0% T @0, (V5))?
where z; and o; are the do result and its uncertainty in the given kinematic bin from the i-track
analysis, T is the average of the two results from the given kinematic, and o,,(1/s) is the \/s-dependent
(relative) acceptance uncertainty calculated in §5.3. The A distribution for all results is given in
Figure 7.11. Fitting a Gaussian to the A distribution for all bins that have a result from both
topologies shows it to be normally distributed with mean —0.212 and width of 0.982. The —0.212
offset mean indicates that the three-track results are larger than the two-track results, though by
only 0.212 standard deviations. The roughly unit width shows that the statistical and acceptance
uncertainties account for the variation of the two results.

The consistency of the two results allows us to create an average measurement of the two weighted
according to their statistical uncertainties. For each (/s,cos65,,) bin in which both a two- and
three- track measurement have been made, we calculate the weighted mean value of the cross section
and uncertainty as

> @ifo}

Z(\/s, cos B8 = £ .10a
(V/'s,cos0c ) S 1/0? (7.10a)

J

—2
11 2

§1 2 — 4+ = .10b

( /Ul> <U§+U§+0203)’ (7.100)

%

: (7.9)

7% (\/5,c0805,,)

where z; (i = 2,3) is the result from the i-track analysis with statistical uncertainty o;. In the error
calculation, p is the correlation factor of the two results. Because our two-track dataset represents
~28% of the full g11a dataset, we assume that it contains 28% of the events in the three-track dataset
and consequently set p = 0.28. Note that though 28% of the three-track events are also present in the
two-track dataset, these events comprise only = 16.8% of the two-track dataset. Thus, our estimate
of p = 0.28 is a comfortable overestimate of the measurements’ correlation. For (y/s, cos05,,) bins
in which only one measurement has been made, we simply use that result as the average value. We
account for the offset in the two results (shown in Figure 7.11) by scaling uncertainties for these
points by 1.212. Figures 7.21-7.23 show the weighted average differential cross sections as a function
of /5 in each of nineteen 0.10-unit-wide cos 0%,, bins.

7.3 A Recoil Polarization

The weak A — pr~ decay is a well-understood phenomenon. Because of this, we are able to use
the explicit form of the A — pr~ amplitude in our amplitude generation (see §6.6.2). Interference
between the A s- and p-wave decay transitions causes an asymmetry in the proton momentum
distribution in the A rest frame [81]. This asymmetry allows access to the spin polarization of
the A via observation of the final-state proton distribution. From the g71a dataset, we measure
the quantity P, the polarization of the A in the direction normal to the production plane. This
polarization in the out-of-plane direction is the only polarization allowed for an unpolarized photon
beam by party conservation.
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Figure 7.3: do/dcos0,, (ub) v. cos0¥,,: Differential cross section results for the energy range
1.62 GeV < /s < 1.78 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and
vertical axis ranges are the same for the four plots in each row.
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Figure 7.4: do/dcos0,, (ub) v. cos0¥,,: Differential cross section results for the energy range

cos 05,,

1.78 GeV < /s < 1.94 GeV. Results from the three-track analysis are shown in blue (triangles),

those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and

vertical axis ranges are the same for the four plots in each row.
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Figure 7.5: do/dcos0,, (ub) v. cos0¥,,: Differential cross section results for the energy range
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1.94 GeV < /s < 2.11 GeV. Results from the three-track analysis are shown in blue (triangles),

those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and

vertical axis ranges are the same for the four plots in each row.
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Figure 7.6: do/dcos0,, (ub) v. cos0k,,: Differential cross section results for the energy range
2.11 GeV < /s < 2.27 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and
vertical axis ranges are the same for the four plots in each row. Vertical axes are logarithmic scale.
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Figure 7.7: do/dcos05,, (ub) v. cos0¥,,: Differential cross section results for the energy range
2.27 GeV < /s < 2.43 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and
vertical axis ranges are the same for the four plots in each row. Vertical axes are logarithmic scale.
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Figure 7.8: do/dcos0,, (ub) v. cos0¥,,: Differential cross section results for the energy range
2.43 GeV < /s < 2.59 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and
vertical axis ranges are the same for the four plots in each row. Vertical axes are logarithmic scale.



CHAPTER 7. DIFFERENTIAL CROSS SECTION AND A POLARIZATION 95

1k \/s = 2.595 GeV wb | \Ns=2605GeV o L \s=2615GeV g - \S=2625GeV
E ™ F L] L4 ; ¥
- [ 3 L] i 3
2] [ b d ™ [ o
107 é_ 'i:ﬁ E_ W ¥ 3 k) - :_ ’f‘ =
o el B b el Lt
i i Ty gt
o % n i Hy 4% ;i
1k \s = 2.635GeV m’ - \s = 2.645 GeV o F \s = 2.655 GeV o E \s = 2.665 GeV -
i L - W f A
2] he ] Ll
101F - 3 - 3 - L -
2 ¥ § e $ & F
P Ed [ [ oY
g et el
Sl NS=2675GeV g8 | \S=2685GeV 4 | \NS=2695GeV 2 b \S=2705GeV §
S w o f 3 ® o f 3
S 1 ® [ 3 - [ ™
“610_15_ - 3 W 3 L) 3 3
i & 2 i o8 + - b -
E T R R 1 8 g g R
[ gty bbbl b g
10—2 E_ %ﬁﬁ :_I I'f‘ + 1 1 1 _I 1 @I 1 1 :_I ?%’}‘ ’f*f‘ 1
1: \s= 2715 GeV '; L \s= 2725 GeV .j L \s= 2.755 GeV J \s = 2.765 GeV
g ™ b't - i
* . 3 w
1015' . 4 3 R 3 - 3 -
I $ s &
L ¥ ’f‘ 'i' .L+ e
10%F "ﬁw 3 %@W 3 ‘}‘}#II Vf%ﬁ# 3 '{"}-fm

cos 05,,

Figure 7.9: do/dcos0,, (ub) v. cos0¥,,: Differential cross section results for the energy range
2.59 GeV < /s < 2.77 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos HgM—axis range and
vertical axis ranges are the same for the four plots in each row. Vertical axes are logarithmic scale.
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Figure 7.10: do/dcos0X,, (ub) v. cosX,,: Differential cross section results for the energy range
2.77 GeV < /s < 2.84 GeV. Results from the three-track analysis are shown in blue (triangles),
those of the two-track analysis in red (circles). All plots have the same cos 6%, -axis range and
vertical axis ranges are the same for the four plots in each row. Vertical axes are logarithmic scale.
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7.3.1 Calculation

Because we have chosen the z-axis as our direction of angular momentum quantization, we are
able to easily calculate the recoil polarization, Py generated by a given set of amplitudes and fit
parameters. Recall that the Mother Fit provides an expansion of the data in all physically relevant
distributions, including distributions of the final-state proton. Each s-channel amplitude used in the
Mother Fit produces a specific A polarization for a given kinematic region. Fitting with a complete
basis of s-channel amplitudes which explicitly include the A decay gives access to the A polarization.

From the resulting Mother Fit parameters, we project the observed recoil polarization at all
values of (y/s, cos 05, ,) where we have made differential cross section measurements (i.e. kinematic

regions where we have data). We generate s-channel yp — KA amplitudes with %i <JP < %i
for each of these kinematics, keeping the A-polarization dependence. We write the total amplitudes
describing the process (including fit parameters from the Mother Fit) as A:;”;";;AK, where M denotes
the spin of the A along the z-axis. For calculation, we construct a two-component wave-function for

the process as
Amema M=+ (/5 cos 0K, ) )
,cos0K,,) = e o GM ) wH
Yar(V/'s,cos0cyy) ( A M=2( /5, cos 08 ) o

where M = + indicates A spin aligned or anti-aligned with Z. Because we have written our ampli-
tudes in the S,-basis, we can use the Pauli spin matrices to project out Py, which is the polarization
along g:

Po= o Y o

My My

— % Z (Am,y,mi,+A*m,y,mi,f o Am,y,mi,fA*m,y,mimL) 7 (712)

My ,My

where

N = Z Z|Am”’"”’M(\/§,cos€gM)\2 (7.13)

M~ ,mg M

is a normalization factor.

7.3.2 Error Estimation

Though this extraction method is very powerful and quick using the results of the Mother Fit,
it lends no a priori method of assigning statistical uncertainties to the P, values. To estimate
statistical uncertainties, we consider the differences in Py for adjacent /s values and fixed cos 65,,.
We begin by assigning to each Py (y/s,cos05,,) point the “statistical” uncertainty [4]

1
1 —
o2(v/s,cos05,,) = 3 E (Pa(v/s +1i-10MeV, cos 05,,) — Pa(v/3, cos GgM))Z , (7.14)

i=—1

where P, is the mean of the three points considered. To establish consistency between uncertainty
bars in a given y/s-bin, we then applied a smoothing procedure; we assign the statistical uncertainty
for a given P, point to be the average of the statistical uncertainties of it and its neighboring points
in cos05,,.

To estimate the systematic uncertainty on P, measurements, we need to consider the effect of
our measured acceptance uncertainty. We begin by considering a theoretical cos 6% ;. distribution
shown in Figure 7.12(a) (note that the distribution is normalized). Recall that this distribution is
related to Py with form 14 Pya_ cos 6% ;;». Thus, P, is extracted by fitting a linear function to this
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Figure 7.12: Plots showing steps in our estimation of acceptance uncertainty effect on Py. Plot (a)
shows an ideal cos @ distribution with slope Py = 0.4. Plot (b) shows the same distribution distorted
by an uncertainty of 2.5%. Plot (c¢) shows the |Py — P5| distribution as described in the text. Plot
(d) shows the maximum difference in recoil polarizations, APy, v. distribution skew factor (see
text).
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distribution. To investigate o,’s effect on the extraction of this slope, we have used the toy model
described below and several values of ¢,. Here, we provide as an example the case where o,, = 2.5%.

To simulate the effect of a 2.5% acceptance uncertainty, we skew the cos % ;- distribution by a
factor of 1.025 for values of cos @ > 0.0 and by 0.975 for cos # < 0.0. We then fit this skewed histogram
to obtain a new slope and recoil polarization, which we call P,. We repeat this process for all values
of the initial slope between 0.0 and 1.0 at 0.01 intervals. Plotting the |Py — Pj| distributions shows
that for all values of Py, our acceptance uncertainty causes a difference uncertainty less than 0.0585.

We repeat this process for the values of ¢, indicated in Figure 7.12(d). The manner in which
we skew the cos 9% yr for a given o, represents a worst-case scenario; the effect of our acceptance
uncertainty is most likely much less drastic. As such, the effect APy ~ 0.12 given by the 5%
acceptance uncertainty is an over-estimate. We use as the systematic uncertainty associated with
our P, measurements half of this value, APy = 0.0585.

7.3.3 Results

Figures 7.13-7.20 show the P, results from our two- and three-track analyses of g77a in 10-MeV-
wide /s bins versus cos Gg u- Note that though normalization issues prevented us from making a
differential cross section measurement in the /s = 1.955 GeV, 2.735 GeV, and 2.745 GeV bins, we
are able to measure P, in these bins as the quantity is independent of normalization. Our extraction
method permits us to project a recoil polarization measurement at every (/s,cos05,,) value for
which we have a do point. However, sparsely populated (y/s,cos OgM) bins present inconsistent
results as the Mother Fit does not have enough information. We present results at kinematics for
which extraction yielded consistent results in comparison with neighboring bins. Only statistical
uncertainties are displayed on the points. In all, we present Py, measurements at 1708 kinematic
points.

Interesting structures in P, over the range 1.7 GeV < /s < 2.6 GeV suggest the presence
of interfering s-channel resonances. Further comment on these is left to our partial-wave analysis
(Chapter 8). Here, we only note that as the forward peak in the differential cross section becomes
more dominant (with increasing /s, we see that the recoil polarization in the forward direction
tends to -1, indicating a large amount of polarization out of the scattering plane.

As with the do/dcosf measurements, agreement between the two results is good. We thus
calculate an average value of the recoil polarization in the manner given by eq. (7.10). We display
the averaged values of all of our measurements versus /s in bins of cos65,, in Figures 7.21-7.23.

7.4 Comparison to Previous Measurements

Though glla represents the most precise dataset for study of the yp — KA reaction to date,
comparison to earlier results is a necessary step in the validation of our results. Several experiments
have produced differential cross sections in the energy range 1.62 GeV < /s < 2.5 GeV. At the
time of this analysis, two of the more recent measurements, those of Glander (SAPHIR, 2004)
and Bradford (CLAS, 2005) showed a large amount of discrepancy. In this section, we provide
comparisons to both of these results and show that agreement with the previous CLAS result is very
good. We also provide differential cross section comparisons to results at very backward and forward
angles made by the LEPS Collaboration (Hicks, 2007 and Sumihama 2006, respectively). Recoil
polarization measurements have also been made in the energy range 1.62 GeV < /s < 2.35 GeV
by the collaborations at CLAS, SAPHIR, and GRAAL. We demonstrate excellent agreement with
these results while showing a great increase in range and precision.
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Figure 7.13: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 1.62 GeV
< /s < 1.78 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.14: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 1.78 GeV
< /s < 1.94 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.15: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 1.94 GeV
< /s < 2.10 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.16: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 2.10 GeV
< /s < 2.26 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.17: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 2.26 GeV
< /s < 2.42 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.18: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 2.42 GeV
< /s < 2.58 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.19: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 2.58 GeV
< /s < 2.74 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.20: Py v. cos05,,: A recoil polarization results v. cos HIC(;[ for the energy range 2.74 GeV
< /s < 2.84 GeV. Results from the three-track analysis are shown in blue (triangles), those of the
two-track analysis in red (circles). Uncertainties displayed are estimated from the scatter of results
(see text).
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Figure 7.21: Weighted mean do/d cos Gg v and Py results v. /s for backward production angles.
Differential cross sections are plotted above recoil polarizations from the indicated cos GgM bin.
Errors displayed are statistical.
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Figure 7.22: Weighted mean do/d cos GgM and Py results v. 4/s for middle production angles.
Differential cross sections are plotted above recoil polarizations from the indicated cos GgM bin.

Errors displayed are statistical.
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Figure 7.23: Weighted mean do/d cos E)gM and P, results v. /s for forward production angles.
Differential cross sections are plotted above recoil polarizations from the indicated cos GgM bin.

Errors displayed are statistical.



CHAPTER 7. DIFFERENTIAL CROSS SECTION AND A POLARIZATION 111

7.4.1 Differential Cross Sections
CLAS 2005 and SAPHIR 2004

The CLAS Collaboration published differential cross sections for the yp — KT A reaction from anal-
yses of the glc dataset in April of 2004 (J. McNabb, et al. [22]) and March of 2006 (R. Bradford,
et al. [11]). Together, these results cover the energy range 1.62 GeV < /s < 2.54 GeV. At the
time of its publication, the CLAS gIc results reflected the world’s largest, most precise KA pho-
toproduction dataset. However, differential cross sections published by the SAPHIR Collaboration
in 2004 (Glander, et al. [10]) showed markedly different values for the yp — KTA cross sections;
SAPHIR results are up to 50% lower in some kinematic regions. Though the CLAS ¢1c¢ measurement
represented a much larger dataset (roughly 6 x 10° K+ A events versus SAPHIR’s 5.2 x 10%), the
discrepancy was troubling.

Figures 7.24 and 7.25 show comparisons of the CLAS gi/c and SAPHIR results with our gi7a
differential cross sections versus /s in bins of production angle. Note that energy binning for the
earlier CLAS analysis is slightly wider than for our analysis; the glc¢ analyses used 25-MeV-wide
bins in E.,. We have, however, maintained the same cos 0%, binning as the gfc analyses. Binning
in /s for the SAPHIR, analyses is much wider, reflecting the smaller statistics of the experiment.
SAPHIR’s production angle binning has the same width as ours, however bin edges are offset by
0.05. The reader will also note that these figures represent only the energy range where the earlier
analyses produced results. Comparison of these three results is very enlightening. The CLAS gila
and glc measurements show excellent agreement at almost all kinematics. The SAPHIR results
agree with the CLAS results only at threshold and at backward angles.

Several features of the CLAS cross sections are worthy of note. The sizable hump in the dif-
ferential cross section at backward angles and /s ~ 1.9 GeV is evident in both measurements. A
second hump feature in the differential cross section is observable at backward angles (most clearly
in —0.25 < cos 05, < —0.15) at /s ~ 2.15 GeV. Such features exist in the differential cross section
at forward angles, however they are much less pronounced due to the more dominant t-channel
production.

Localized discrepancies between the CLAS gl/1a and glc results exist. For cosff,, < 0.85,
the g11a differential cross section results display a larger /s-dependence than the gic results. In
this region, the glc results are relatively flat in /s. Our extremely clean KTA signal peak in
this region combined with our powerful background subtraction method make it hard to believe
that background events are contributing to the higher gf/ia do at /s < 2.0 GeV. The flatness
of the gIc differential cross section in this most forward bin for /s > 2.3 GeV is also suspicious
when considering prominence of ¢-channel production in this region. A possible explanation for this
discrepancy is that in the previous CLAS analyses, Monte Carlo was not weighted to simulate the
effects of physics [79]. As we have shown in Figure 7.1, the difference between phase-space MC and
our weighted MC is striking, especially at forward angles. The effect of a physics-inspired Monte
Carlo generation on the gc results has been studied to some extent [82], however, the full expansion
of the gIc data (as is presented here for g71a) has not been tested. Due to the efficiency of our skim
and particle identification cuts and the agreement between the two- and three-track gi1a analyses,
we are confident in our results in this region.

Differences in the two CLAS measurements also exist for /s < 1.85 GeV at forward angles. The
rise from threshold is much more dramatic in the ¢gI7a results than in those of gic. The discrepancy
could possibly be explained by the overwhelming background in this region. Because statistics in
these kinematic bins are much lower relative to other regions, do results are much more sensitive to
background. Once again, we are confident of our kinematic fit and background subtraction method
in these regions.

Finally, Figure 7.26 shows comparisons of the totatl cross section as a function of center-of-mass
energy for this and three other measurements. To extract the total cross section from the gila

1

results, we performed a binned x? fit of the J = 5 and % s-channel partial waves and our non-
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Figure 7.24: Comparison of do/dcos6f,, measurements: SAPHIR 2004, CLAS glc, glla. The
plots above show differential cross section measurements from the CLAS gIc¢ (red), SAPHIR 2004
(green), and this analysis (blue) versus center-of-mass energy in bins of production angle.
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(green), and this analysis (blue) versus center-of-mass energy in bins of production angle.
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Figure 7.26: The plot above shows total cross sections from the gi7a (blue), CLAS gIc (red),
SAPHIR 2003 (green), and ABBHHM (black) measurements. Agreement between the CLAS re-
sults is excellent, whereas the SAPHIR results show discrepancies at all energies. The ABBHHM
measurements show reasonable degree of consistency with both the CLAS and SAPHIR data.

resonant production model (see §9.2) to the differential cross section data in each 10-MeV-wide /s
bin. We then used the results of this fit to extrapolate into regions of poor detector acceptance
and calculate the total cross section by integrating over all phase space. Though comparisons of
the total cross section calculated via this method are helpful in comparing large differences between
experiments, the reader should be mindful that we have not made any direct observation of the total
cross section. CLAS acceptance for /s < 1.75 GeV is not adequate to allow for reliable extrapolation
into regions of poor detector acceptance. Thus, we omit calculations for /s < 1.75 GeV.

As Figure 7.26 shows, agreement between the gfla and CLAS glc [11] results is good for
/s >1.85 GeV. For /s <1.85 GeV, the two measurements show some discrepancy, with the gl1a
measurement higher than gfc by about 10%. This discrepancy is simply another manifestation
of the discrepancy between differential cross section results from the two analyses at forward an-
gles and low +/s. Figure 7.26 also shows the level of discrepancy between the gic¢ and SAPHIR
2004 [10] results. The good agreement displayed by the two CLAS results is strong evidence that
normalization problems are present in the SAPHIR analysis. Also displayed are the results from
1969 measurements by the ABBHHM Collaboration [83]. These data are included to demonstrate
experimental progress in characterizing this reaction.

LEPS 2006 and 2007

Differential cross section measurements of yp — K+ A were published by the LEPS collaboration in
2006 (Sumihama, et al. [14]) and 2007 (Hicks, et al. [15]). Though these measurements occupy a
much smaller region of the reaction’s phase space, precision measurements at extreme forward and
backward angles are useful in studying ¢- and u-channel production mechanisms.

The LEPS results at forward angles occupy the energy range 1.934 GeV < /s < 2.31 GeV
and three 0.1-wide cos Gg a bins covering 0.70 < cos 9({*(1\4 < 1.0. We present comparisons of these
results to our gf/a measurements in overlapping cos 6%, bins as indicated in Figure 7.27(a). From
these figures, we see that the high-statistics of the g77a dataset (the LEPS results represent only
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2.2 x 10* events) affords us a much finer binning in energy. Error bars for the most forward bin are
of comparable size for the two experiments, though at less forward angles, g11a produces a much
more precise measurement. We see that the LEPS results typically agree with the more forward of
our two overlapping cos Gg o bins. The LEPS results confirm the downward trend in the g/la do
in the most forward bin except in the range 2.15 GeV < /s < 2.25 GeV, where the two results
disagree. Otherwise, overall agreement is good.

The LEPS 2007 backward-angle measurements encompass the energy range 1.95 GeV < /s <
2.29 GeV and are divided into two 0.1-wide bins in -1.0 < cos6&,, < 0.8. A comparison of these
measurements to our gf1a measurements in overlapping bins is provided in Figure 7.27(b). Energy
binning for these measurements is much wider than that of the forward-angle measurement. The
points from our gI1a analysis are sparse in the most backward bin; however, the large error bars
on both results suggest that they are consistent. Comparison to the more forward LEPS bin is
obfuscated by the wide /s binning. The LEPS point at /s = 1.95 GeV is generally lower than our
points in that region, though it is a reasonable average of the shape of our cross section results. The
LEPS point at /s = 2.097 GeV is definitely lower than our points in the region. The trends versus
/s of the two results match well with a decent overall agreement in scale.

7.4.2 A Recoil Polarization

We now present comparisons to several previous measurements of the A recoil polarization, Py. In
the same paper that presented the first CLAS measurements of the yp — KTA differential cross
sections, J. McNabb et al. also published measurements of Py from their analysis of the g1c dataset
[22]. McNabb used the traditional method of extracting Pa, which involves fitting the proton angular
distribution in the A-helicity-frame and extracting the polarization from its slope. In order to bolster
statistics for this method, McNabb consolidated bins from his differential cross section measurement.
Most of his quoted P, points represent 0.2-wide cos (‘)g o and 0.25-MeV-wide binning in E,. We
present comparisons of our glla results to the glc results in Figures 7.28 and 7.29. Agreement
between the two results is very good and displays the power and accuracy of our extraction via the
Mother Fit. Several features of the polarization that are hinted at by the gc results are confirmed
by our measurements.

We also present comparisons to Py measurements published by the SAPHIR Collaboration with
their 2004 differential cross section results [10]. Note that though there is a large discrepancy
between differential cross section results from the SAPHIR and CLAS analyses, agreement in the
recoil polarization (a normalization-independent quantity) is very good.

We conclude with a comparison of the most recent measurement of Pp, namely that published
by the GRAAL Collaboration in 2007 (Lleres, et al. [23]). The GRAAL results cover the region
1.62 GeV < /s < 1.92 GeV in six wide production angle bins (a~ 20°-wide bins). Figure 7.30 shows
that the GRAAL measurements are in excellent agreement with those of g11a, and that they provide
more backwards coverage at low /s than gl1a allows. Agreement is slightly better for our more
forward production angle bins. This could be explained by the forward-peaked differential cross
section in this energy range and GRAAL’s very wide production angle binning.

The overall agreement between our fit-extracted recoil polarization and the traditionally ex-
tracted measurements of previous analyses is a validation of our method. The accuracy of our
Mother Fit combined with the enormous statistics of the dataset make the g71a results unmatched
in precision and range. Our measurement of the recoil polarization at energies above /s = 2.6 GeV
will allow us a more accurate understanding of non-resonant production mechanisms.

7.5 Summary

We have measured differential cross sections and recoil polarizations for the vp — KA reaction in
the range 1.620 GeV < /s < 2.840 GeV. We have calculated these quantities using both the K*p and
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Figure 7.27: Comparison of do/d cos 05,; Measurements: LEPS and g17a. The plots above show dif-
ferential cross section measurements from this analysis (blue tones) and the LEPS 2006 (a) and 2007
(b) measurements (red) versus center-of-mass energy in bins of production angle. All uncertainties
are statistical.
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Figure 7.28: The plots above show A recoil polarization measurements from this analysis (blue), the
previous CLAS (McNabb 2004) measurements (red), and the 2004 SAPHIR measurements (green)
versus center-of-mass energy in bins of production angle. cos 65, ranges indicated on each plot in-
dicate the g17a measurements plotted. Most of McNabb’s measurements represent 0.2-wide cos Og M
bins. SAPHIR’s measurements represent roughly 30°-wide angular bins. All error bars reflect sta-
tistical uncertainties only.
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Figure 7.29: The plots above show A recoil polarization measurements from this analysis (blue), the
previous CLAS (McNabb 2004) measurements (red), and the 2004 SAPHIR measurements (green)
versus center-of-mass energy in bins of production angle. cos Hg v ranges indicated on each plot in-
dicate the g17a measurements plotted. Most of McNabb’s measurements represent 0.2-wide cos 0%, ,
bins. SAPHIR’s measurements represent roughly 30°-wide angular bins. All error bars reflect sta-
tistical uncertainties only.
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Figure 7.30: The plots above show A recoil polarization measurements from this analysis (blue
shades) and the 2007 GRAAL measurements (red) versus center-of-mass energy in bins of production
angle. cosf&,, ranges for each result are indicated on each plot. Binning in production angle for
the GRAAL results is = 20°. All error bars reflect statistical uncertainties only.
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K*pn~ final-state topologies and shown that the independent results are consistent. These results
show many interesting features which we will scrutinize in the Chapter 8. The g11a measurements of
the differential cross section show very good agreements with previous CLAS and LEPS results and
sheds new light on discrepancies between SAPHIR and CLAS results. Our extraction of the A recoil
polarization shows excellent agreement with the world’s data. The g77a dataset has yielded the
most sensitive measurements of K+ A photoproduction to date and allows access to energies above
the resonance region (/s > 2.6 GeV). In the Chapter 9, we exploit the precision of our measurement
by performing a partial-wave analysis, searching for excited nucleon production.



Chapter 8

Systematics Studies of gii1a

In performing this analysis, we were fortunate that there were two existing high-precision measure-
ments of KA photoproduction using the CLAS detector, the 2002 analysis of J. McNabb [12] and
the 2005 analysis of Robert Bradford [13]. Though both gIc and g11a were collected using the CLAS
detector, significant differences exist between the two run periods. Our preliminary extraction of
the differential cross section from the g17a dataset showed several systematic discrepancies when
compared to the CLAS gIc results. In an effort to understand these discrepancies, we investigated
possible causes and ultimately refined our g/7a cross section. Our study of these sources of these
differences occupied the five months from November 2007 to March 2008.

Our reanalysis of the gIc dataset described in this chapter produced the same results as the CLAS
2005 analysis. We then investigated several possible causes of systematic errors in our analysis of
gl1a including data reduction efficiency, Monte Carlo simulation, and trigger efficiency. We have
found that the main source of the discrepancy between the gic and preliminary ¢g11a measurements
is a triggering inefficiency, due to A decays outside of the start counter, that is not simulated in
the Monte Carlo. Once this inefficiency was discovered, we continued on to check gIa’s internal
consistency by comparing sector-wise differential cross sections.

The reader is reminded that the purpose of this chapter is to describe checks of the glla dataset
motivated by our preliminary results. (Our final measurements are presented in Chapter 6.) All of
the cuts that resulted from the studies described in this chapter have been applied to the analyses
described in Chapters 3 and 4; this chapter shows the necessity of these cuts.

8.1 Preliminary gila do and comparison to the CLAS gic
result

The glc run is a photoproduction on liquid hydrogen dataset that was recorded by the CLAS
Collaboration in the Fall of 1999. Though gc¢ and g11a were taken by the same detector, there are
several key differences in the experimental set-up of the two experiments. The gic run utilized a
circularly polarized photon beam that enabled extraction of double-polarization observables, C,, and
C,. The dataset was collected using a single-charged-track trigger, whereas the g11a trigger required
two charged tracks in the final state. The start counter used for gc¢ was a six coupled-paddle design
as opposed to the highly segmented g11a start counter. Finally, the glc¢ physics target was smaller
than the g11a target (17.85 cm in length versus 40 cm, respectively) and was centered in the CLAS
detector. The full g1c dataset is comprised of three separate datasets yielded by different accelerator
beam energies: 2.4, 2.9, and 3.1 GeV. The 2.4 and 3.1 GeV datasets were used by McNabb and
Bradford to extract differential cross sections in the range 1.631 GeV < /s < 2.533 GeV.

John McNabb and Robert Bradford, then Carnegie Mellon University graduate students working
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with Professor Reinhard Schumacher, produced independent analyses of yp — KA in the gic
dataset. Both analyses relied on detection of the final-state p and KT and identification of A
events via the p(y, KT)A missing mass. Bradford’s initial extraction of do/dcos® from the glc
dataset yielded results that were systematically 10% lower than McNabb’s. Bradford then spent
a year examining differences between the two analyses and found that the discrepancy was caused
by problems with both McNabb’s and Bradford’s acceptance calculations. Bradford repeated both
analyses and found do/d cos @ measurements to be in excellent agreement [13]. Herein, we refer to
Bradford and McNabb’s combined efforts as the “gic¢” results.

Our initial extraction of the yp — KTA differential cross section also presented disagreement
with the g1c result. We provide plots of the two measurements in Figure 8.1. Rather than a constant
systematic discrepancy that would suggest a normalization problem, the difference between our pre-
liminary g17a result and the gic result increases with /s. Disagreement exists at all cos 05, , values;
however, the discrepancy is more drastic in the forward direction (cos Gg v > 0.0). Integrating the
differential cross section over a well-populated range in cos Gé{ o shows that the overall discrepancy
increases with /s, as shown in Figure 8.2. Thus, the discrepancy could not be explained by an error
in overall normalization.

8.2 Data reduction and topology differences

8.2.1 Application of Kinematic Fit to glc

As stated in Chapter 3, our identification of vyp — K+ A events in the g11a dataset via the K Tpr—
final state was extremely efficient. Our final working skim of the dataset was very clean, exhibiting
< 2% background in most /s bins. This cleanliness can be attributed to two specifics of the analysis:
the requirement that all three final-state particles be detected, and the use of the Kinematic Fitter
and confidence level-cuts to remove background. Neither of these methods were available to the glc
analysis; a three-track final state would have yielded significantly lower statistics and a kinematic
fitter was not yet available at the time. Where we have used the kinematic fit to remove background
from our dataset, the glc analysis used several well-engineered timing and missing mass cuts. As
such, we concerned ourselves with possible differences that could cause systematic differences between
the two measurements.

To investigate the effects of kinematic fitting, we skimmed possible K+ A events from the gic
2.4 GeV beam energy dataset using a two-track final state (KTp detected). We performed a 1-C
kinematic fit of all events to a yp — pK+(7n~) hypothesis and kept events with a confidence level
greater than 1%. We then applied a cut that kept all events with a missing mass off of the KT less
than 1.2 GeV/c?. Finally, we applied the same calculated-mass cut described for our g77a three-
track analysis in §4.5 (mg+ < 0.8 GeV/c* OR m, > 0.8 GeV/c?). In order to separate background
and signal events, we employed the background fitting method described in §4.8.

To calculate detector acceptance, we generated 5 x 10 phase-space Monte Carlo vp — K+A
events. We then processed the raw Monte Carlo with the standard CLAS analysis software with all
smearing parameters set as they were in the gZc¢ analysis [13]. We calculated photon normalization
using gflux (see §5.5).

We then performed an unbinned maximum likelihood fit (“Mother Fit”) using s-channel ampli-
tudes with %i <JP < lz—li in each of four /s bins: 1.805, 2.005, 2.205, and 2.255 GeV. From these
fits, we then extracted differential cross sections for the glc dataset following the same procedure
discussed in §7.1. Comparisons of these results with previous gIc results in three /s bins are shown
in Fig. 8.3. Overall agreement is good, although our gIc results exhibit more statistical fluctuation
due to the narrower /s binning. Each of the four energy bins agreed with Bradford’s results well. In
none of these energy bins do we see discrepancies that would explain the ~ 40% difference between
glc and gI1a shown in Fig. 8.2.
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Figure 8.1: Comparison of glc and preliminary gf1a délgs g for forward K + angles. dfﬁ is shown

above in bins of cos0%,, versus \/s. The preliminary gf7a result is systematically lower than the
glc result in most angles for most values of v/s. In the very forward direction, the g/1a do decreases
more strongly with /s than the gic result.
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Figure 8.2: Comparison of d(flogse from glc and preliminary glla for vp — KTA, integrated over
—0.35 < cos05,, < 0.35 (a) This plot shows both the gZc¢ and preliminary g17a results integrated
over the range —0.35 < cos Og v < 0.35. The disparity between the two measurements is apparent.
Plot (b) shows the ratio of the g11a measurement to the gfc¢ measurement. The discrepancy increases

with increasing /s to a maximum of -2 x (.6.
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Figure 8.3: Comparisons of glc differential cross sections: Bradford v. this re-analysis of glc¢ data.
(a) This plot shows da/dcosﬁgjtf results for /s ~ 1.8 GeV bin. Bradford’s results are shown in
black, the results of this analysis in red. Overall agreement is good. (b) This plot shows differential
cross sections in the /s & 2.005 GeV bin. Overall agreement is again very good. (c) This plot
shows our results in the /s = 2.255 GeV bin (red points) along with those of Bradford’s /s = 2.249
GeV (black) and /s = 2.260 GeV (blue) bins. Once again, agreement is good. We observe no
systematic difference in the two results that would suggest the trend shown in Fig. 8.2. From these,
we conclude that analysis cuts are not the source of the discrepancy between gi11a and glc results.
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8.3 Detector and Simulation Issues

There exist several major differences in the experimental setup of the CLAS detector for the the gic
and g11a run periods. These include, but are not limited to, photon energy range, electron/photon
beam polarization, target location, start counter hardware, and triggering scheme. These differences
should all be taken into account by the CLAS Monte Carlo processing suite, GSIM. However, in light
of the discrepancies between the glc and preliminary g17a results, we have scrutinized all elements
of our acceptance calculation. In this section, we outline our studies of TOF paddle efficiencies,
trigger simulation, and examination of triggering for data and Monte Carlo.

8.3.1 TOF Paddle Survey

At the time that our analysis began, a detailed study of systematic uncertainties in the g11a dataset
had already been performed [62]. As a result of this study, detector components that were not
functioning properly during the g7/a run period and could not be accounted for in Monte Carlo
simulations had been identified. Cuts removing these detector components from our analysis were
made manifest in the form of fiducial cuts and TOF paddle knockout cuts discussed in §4.6. The
analysis that produced this study, however, used the much higher-statistics yp — pr 7~ channel for
most of its systematic error analyses. The study makes no direct observation of CLAS’s acceptance
for K+ tracks.

To investigate our ability to simulate the TOF counter’s detection of K+ mesons, we filled
histograms of occupancy versus TOF counter in each sector for data and accepted Monte Carlo.
These are shown in Figure 8.4. The differences between relative occupancies for data and Monte
Carlo show paddles in CLAS that are not adequately modeled by GSIM. Most of these paddles
are accounted for by the TOF knockout cuts prescribed by [62]. Unaccounted for, however, are
the number 23 TOF counters in sectors 1, 2, 3, 4, and 6 (paddle 23 was previously cut in sector
5). We see that the data occupancies for the number 23 TOF counter are low in comparison to its
nearest neighbors. The accepted Monte Carlo somewhat resembles this feature, however the level of
accuracy in the simulation is questionable.

In each sector of CLAS, TOF counter 23 is located on the edge between the two most forward
sections of the TOF wall. Paddles 23 and 24 overlap to a certain degree, making reconstruction of
tracks passing through the two paddles difficult to trust. Such events which confuse the tracking
software are assigned to TOF counter number 0 and are cut by this analysis. In light of these
inconsistencies, we also cut tracks which were associated with paddle 23 from our analysis in all
sectors. Exclusion of paddle 23 from our analysis produced localized increases in differential cross
section on the order of 2-3%.

8.3.2 Test of a momentum-dependent trigger efficiency simulation

As previously mentioned, the PWA group at CMU made use of the yp — pmT7~ reaction to
investigate systematic uncertainties in the g/a dataset [62]. One of the most useful results of this
analysis is the trigger efficiency map described in §5.1.3. Because the g11a trigger efficiency is not
simulated by GSIM, scaling by the trigger efficiency for each type of particle is applied to the Monte
Carlo.

Due to the channel used for their study, the CMU group did not glean any direct trigger efficiency
information for K tracks. The most accessible reaction for a similar analysis including kaons is the
vp — KTA — KTpr~ channel. However, due to the small break-up energy of the A — pn~, the
vast majority of yp — K Tpm~ present a final state with the p and 7~ detected in the same sector.
Thus, the trigger would be set by at most two sectors. After careful study, we have determined that
no suitable channel exists in g1a for study of the K trigger efficiency.
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Figure 8.4: Occupancies per TOF counter per sector for data and accepted Monte Carlo. Differences
in relative occupancies between data and accepted Monte Carlo per TOF counter hint at inconsis-
tencies in the CLAS simulation software. Most poorly simulated paddles were previously excluded
from our analysis. Mismatch between occupancies for paddle 23 in all sectors motivate its removal
from further analysis.

In light of this, we attempted to refine the existing g11a trigger efficiency map. Because the main
components of the CLAS gila trigger, the start counter and the TOF counters, are scintillator
detectors, we expect its efficiency to be dependent upon the momentum of a given track. We
have investigated this by repeating the study of the yp — pr™ 7~ channel in gZla with a further
segmentation of the data. For each particle type, we calculate an efficiency map as a function of ¢,
TOF paddle, and track momentum (|p]). We used a 500-MeV /c-wide binning in the range 0.0 GeV
< |p] < 3.5 GeV for each particle type. We found no appreciable difference between the existing
gl1a trigger efficiency map and the maps generated for any of the momentum bins for either the p
or 7 tracks. Thus, we use the existing efficiency map, applying the 7+ map to KT tracks in our
analysis.

8.3.3 Start Counter

As described in Chapter 2, the gI1a trigger required a coincidence between the tagger Master OR,
and the CLAS Level 1 trigger. Further, for the CLAS Level 1 trigger to be set, a coincidence was
required between the start counter and TOF wall in two different sectors. The A is a relatively
long-lived neutral particle, with ¢ = 7.89 cm, on the same length scale as the start counter radius
(~ 10 cm). Thus, we expect that there is a subset of KA events for which the A decays into its
charged daughter particles outside of the start counter. As the start counter is a scintillator detector,
such events (neglecting any incidental hits from other events or cosmic backgrounds) would not set
the CLAS Level 1 trigger in the sector associated with the A. Such an effect is not compensated for
in the Monte Carlo, as GSIM provided no trigger information from the start counter.

Secondary Vertex Cut

To investigate this, we plot the reconstructed secondary vertex (A decay vertex) positions calculated
using MVRT and the p and 7~ momenta for both data and accepted Monte Carlo (see Figure 8.5).
The data displays a significant drop in occupancy at the physical dimensions of the start counter;
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the Monte Carlo does not. In order to make the Monte Carlo more accurately reflect the data, we
cut all events for which the reconstructed secondary vertex is outside the physical dimensions of the
start counter (shown in Figure 8.5).

We then repeated our Mother Fit procedure with this start-counter cut applied to both data and
Monte Carlo. The resulting differential cross sections are in better agreement with the gfc result
and are described below. In order to test the robustness of this cut, we repeated the analysis with
start-counter cuts defined by different radial dimensions (distance from beamline to start counter)
smaller than the actual start counter. All cuts produced differential cross sections in agreement with
the cut defined by the actual start counter volume.

Though results from this “physical” secondary vertex cut were in much better agreement with the
glc results, systematic differences of up to 10% still existed in some energy ranges. These differences
encouraged us to investigate further the efficiency of this cut. By scrutinizing the secondary vertex
diagrams presented in Figure 8.5, it is easy to see that using MVRT to reconstruct the A decay vertex
presents some resolution problems. In Figure 8.5(b), we see that there is some “bleed through” of the
calculated secondary vertex outside of the physical volume of the start counter. More interesting to
our analysis, however, are the p vs. z distributions shown in 8.5(a) and (c). While MVRT is efficient
for many vertexing applications, it is understandable that it would have problems reconstructing
the A decay vertex due to the small opening angle of the proton and 7.

A Decay Simulation for Monte Carlo

In light of the inefficiencies of the “physical” start-counter cut, we sought to create a “statistical”
cut that would be applied only to the Monte Carlo. This cut is based upon determining the distance
that a A would have needed to travel in order to have decayed outside of the start counter based
on its primary (event) vertex position and momentum. For each Monte Carlo event, we begin by
calculating the event vertex, 7y = (0, Yo, 2z0) by applying MVRT to the K+ momentum and idealized
beam position. We then reconstruct py = (pa, 0, ¢) as the sum of proton and 7~ momenta. We may
then calculate the point of intersection, 7.t = (Tint, Yint, Zint), between P and the start counter. If
the point of intersection lies in the main body of the start counter (z;,; < 12 cm), the path length,
l between event vertex and the intersection is easy to calculate and is given by

- em) (8.1)

sin 6 cos ¢’

Here, 10 c¢m is the shortest distance from the beam line to the start counter and ¢’ is the azimuthal
angle in each sector, ¢’ € [—30°,30°]. If the point of intersection is in the nose of the start counter
(zint > 12 cm), geometry makes the calculation a bit more complicated, giving

_12c¢m + 10cm — zg
"~ cosf+sinfcosg’

(8.2)

Using the A’s characteristic lifetime, 7 = 2.63 x 10719 s, we can then calculate the characteristic
lifetime of the A as observed in the laboratory frame to be

-

t = T = ——3 8.3

(il (8.3)

where (3 is calculated from py. We also calculate the distance d that the A would have traveled in
time ¢ to be

d = fct. (8.4)

Finally, we consider the exponential nature of the A decay and construct the probability P(5) that
the given A will intersect the start counter before it decays as

P(L, B) = exp{~1/d} = exp{~1/(Fet)} (8.5)
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Figure 8.5: A decay vertices for g11a data and Monte Carlo. The plots above show A decay vertices
for g11a data ((a) and (b)) and accepted Monte Carlo ((c) and (d)). Plots (a) and (c¢) show distance
from beam-line (p) v. z. Plots (b) and (d) show distance from y v. x. In all plots, start counter
dimensions are shown by thin red lines. The effect of the start counter in the data is striking. Events
for which the A decays outside of the start counter do not set the CLAS Level 1 trigger and are
thus not recorded in the data. This effect is not reproduced in the Monte Carlo. (e) and (f) show
the accepted Monte Carlo events kept by our cut on secondary vertex position (applied to MC and
data).
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Figure 8.6: Shown above is a comparison of the differential cross section results from gIc¢ (black) and
this analysis (red) integrated over the range [—0.35,0.35]. The g1Za result includes the statistical
start counter simulation as described in the text. Agreement between the two results is far better
than that shown in Figure 8.2.

In order to treat this decay in a probabilistic manner, we generate a random number n in the interval
[0,1]. If n < P(l, 8) for the given event, then we cut the event.

The cut described above treats the decay of the A in the Monte Carlo in a statistical way in that
it generates a probability that a given A decayed outside of the start counter. This is satisfying as
the same effect has already been imposed on the data by nature. More importantly, the cut depends
only on the momentum resolution for the proton and 7~ tracks. When we apply the cut, we find
very good agreement with the g1c results. To lend credence to this cut, we show a comparison of the
integrated differential cross sections in Figure 8.6. Comparisons of the full differential cross section
results are given in §7.2.3.

One final feature of this cut deserves comment. The cut described above imposes the effect
of triggering on the Monte Carlo in a purely statistical way. By applying it, we are removing a
fraction of events equal to the start counter’s effect on the data. However, as we do not explicitly
take into account the actual location of the A decay vertex, the secondary vertex distributions of
data and Monte Carlo do not display the same shape. As the A path length is still relatively small
when compared to the scale of the CLAS detector, this mismatch does not seem to introduce any
systematic discrepancies.

8.4 Comparison of Sector-wise do/d cos 0k,

After general agreement with the glc differential cross section results was achieved, we sought to
check the g11a result for internal consistency. Fortunately, the nature of the CLAS detector allows
comparisons of differential cross sections calculated from each sector. We have calculated differential
cross sections treating each of the six sectors of CLAS as an independent detector, receiving one
sixth of the flux associated with the whole detector. We find the agreement between differential
cross sections resulting from sectors 1, 2, 3, 4, and 6 to be satisfactory. However, sector 5 displays
a significant systematic discrepancy when compared to the average do from the other sectors. In
Figure 8.7, we provide plots of the ratio of the sector 5 do/dcosf to that of the other sectors
combined. The dip in the sector 5 cross section is apparent in two 0.1-wide cos 6%,, bins and over
a nearly 400 MeV range in +/s.

In the center-of-mass frame, it is difficult to ascertain whether this difference is due to a single
detector element. For a more instructive comparison, we project these do values onto their lab-frame
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Figure 8.7: The plots above show the ratios of do /d cos Gg v values from sector 5 to those from sectors
1,2, 3, 4, and 6 (combined). Shown are the 0.25 < cos65,, < 0.35 (left) and 0.35 < cos 05,, < 0.45
(right) bins. The dip in the sector 5 cross section is apparent in both angular bins over a significant

S range.
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production angle (Hfg ) and K+ track momentum coordinates. We find that the declivity in the
sector 5 measurements occurs at a fixed lab angle and is independent of track momentum. The effect
is localized in the region 0.45 < 6,5 < 0.55. This effect is shown in Figure 8.8. Because the effect is
independent of momentum, it must take place before tracks are bent by the magnetic field. Thus,
we attribute the defect to an inefficiency in the Region 1 drift chamber in sector 5. This problem
is clearly not modeled by the Monte Carlo, and we thus cut from our analysis all tracks (p, KT,
and 77) that pass through sector 5 with 0.45 < 6, < 0.55. This cut restores consistency to the
sector 5 cross section, though at the cost of statistics in this kinematic region. Though this subtle
improvement of the sector 5 cross section does not have a significant effect on the total cross section,
we count our ability to identify it as a tribute to the sensitivity of the detector.

8.5 Summary

The accuracy of this analysis benefits greatly from the existing analyses of the CLAS gic dataset.
By comparing to these previous analyses, we were able to identify several subtle issues, leading to
much more accurate results. The most significant of these corrections was our simulation of the
start counter’s effect on triggering in g17a. After remedying the problems outlined in this chapter,
we have found agreement between the results of this analysis and the CLAS g1c¢ analyses to be quite
good, as demonstrated in Chapter 6. Of all of the effects investigated in this chapter, only the start
counter’s effect on triggering and the resulting start counter simulation for Monte Carlo cause a
noticeable systematic shift in differential cross section results.

We performed checks of g11a’s self-consistency by comparing acceptance-corrected yields from
independent CLAS sectors. A slight discrepancy between the acceptance-corrected yields of sector
5 was remedied by a cut on track polar angle in the lab frame. After this cut is applied, results from
individual sectors agree quite well, indicating that our acceptance calculation is satisfactory.
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Figure 8.8: Shown above are differential cross section values versus K production angle and track
momentum in the lab frame. Plot (a) shows the location of differential cross section points. Plot (b)
shows the ratio of the sector 5 cross section to the combined cross section from the other sectors.
The scale of (b) shows a ratio of 1.0 in red and fades to a ratio of 0.4 in green.



Chapter 9

Partial-Wave Analysis of vp — KA

In Chapter 7, we presented differential cross section and recoil polarization measurements for
the yp — KA reaction in the energy range 1.62 GeV < /s < 2.84 GeV. By comparing these
results with previous measurements, we have shown that the g11a results represent the most precise
characterization of this reaction to date. In this chapter, we take our analysis a step further and
investigate the physical processes by which the KA system is photoproduced. We separate these
production mechanisms into two types: non-resonant production (¢- and wu-channel processes) and
resonant production (s-channel processes). In §9.2, we examine the non-resonant contributions to
this reaction by developing our own t-channel model motivated by previous studies. In the sections
that follow, we perform a partial-wave analysis (PWA) via binned x? fits to g17a differential cross
section and recoil polarization measurements and gfc¢ beam-recoil polarization measurements. We
have isolated two /s regions in which we find interesting s-channel contributions. In this chapter,
we present our in-depth studies of possible N* states in these regions.

To investigate the presence of excited nucleon intermediate states in our reaction, we use the
mass-independent partial-wave analysis technique. In §6.6.4, we described the form of s-channel
amplitudes used for this analysis. One factor in the calculation of these amplitudes is the Feynman
propagator that describes the transition amplitude for an intermediate particle to propagate between
the two vertices in an s-channel diagram. To calculate the total probability for a given process, one
must evaluate the propagator at all values of the exchanged momentum. By binning our data finely
in /s, we are able to approximate the amplitudes in each bin by evaluating their propagator at the
bin centroid. We then determine the contributions of the individual s-channel waves in each narrow
/s bin independently. No a priori assumptions need be made about the s-dependence of the partial
waves. After analyzing all bins independently, s-channel contributions in neighboring bins can be
compared, and s-dependence may be determined.

All fits presented in this chapter are binned x?2 fits. As discussed in Chapter 6, we employ binned
fitting as a way of including other measurements in our partial-wave analysis, namely the g1c double
polarization observables C, and C,. In §9.1 of this chapter, we present our method of projecting
these observables from our amplitudes. Recall that binned fitting differs from event-based fitting
in that its fewer number of degrees of freedom typically limits fit stability. For all fits we present
in this chapter, this compromise of stability is mitigated by multiple fit iterations (at least twenty,
unless otherwise noted) with randomized initial values for fit parameters.

9.1 Fitting to Double-Polarization Observables: C, and C,

In 2006, the CLAS Collaboration published measurements of yp — KA beam-recoil polarization
asymmetries, C, and C, from the glc dataset [84]. The use of circularly polarized photons (i.e.

133
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polarization aligned or anti-aligned with the direction of photon momentum) for the gI¢ run period
allowed for a net polarization of the A in the production plane. To add further physical constraints
to our partial-wave analysis, we use these data as well as our g11a results.

For what follows, we define a coordinate system in which Z lies along the photon direction and g
along k x q, where k and 7 are the photon and K momenta in the center-of-mass frame, respectively.
Thus, & lies in the production plane, perpendicular to k. C, and C, characterize the transfer of
photon helicity to the A hyperon in the - and 2-directions, respectively. For a given circular beam
polarization, Py € [—1.0,+1.0], and A polarization vector, Py = (Pyz, Pyy, Py.), Cy and C, are
defined by [85]

PYa: = PQCx (913.)
Py. = PyC.. (9.1b)

The y-component of Py is simply Py, the recoil polarization of the A discussed in §7.3. The glc
analysis produced C, and C, measurements at 160 (y/s, cos 0%,,) values encompassing the energy
range 1.652 GeV< /s <2473 GeV.

Though we cannot measure C, and C, directly with ¢g11a we want the results of our partial-wave
analysis to be consistent with these measurements. To include C, and C, in our PWA, we must
calculate the double-polarization observables from our amplitudes in the same manner as we have
Py at all (y/s,cos Gg ) values for which there is a gIc result. Here we use the same technique put
forth in §7.3.1 (see section for notation conventions). For a given (y/s,cos0%,,) value, we calculate
the amplitudes A:;”j’;é;ﬂ/{, describing the yp — KA process where m.,, m;, and M are the spin-
projections along the z-axis of the photon, target proton, and A, respectively. We construct the
two-component wave-function for the process as

w(\/g’ COSHgM) _ < Am"f’mi’M:+(\/§a COSQgM) ) (92)

A M=~ (/5. cos 65y

We then use the Pauli spin matrices, o, and o, from Eq. (6.3) to compute Py, and Py, for a given
m~ and m;:

Pya(my,m) — %w*w (9.3)
Py.(m,,mi) — %wazw, (9.3b)

where ¢ = 971 is included for normalization. In extracting Py, we summed over the initial target
and photon spin polarizations. To project out C, and C,, we select a particular photon polariza-
tion, m, = +, and sum over the target polarization states. By selecting m, = +, we simulate a
fully polarized photon beam, thus setting Py = +1.0 in Eq. (9.1). Including the sum over target
polarizations gives the full expressions

1
— — § *+,mi,+ A+.mi,— *+,mi,— A+,mi,+
1 _ .
PYz = Cz = N mE . |A+’m“+|2 - |A+’ v |2a (94b)

where

N =33 AN (s, cos 06, (9.5)
m; M

To include C, and C, in binned x? fits, we calculate amplitudes for all included production
mechanisms (s-, t-, and u-channel) for each value of (y/s, cos 0&,,) for which there is a gc measure-
ment. We use the statistical uncetainties associated with the g1c¢ C, and C, results to calculate the
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Ipxa

Figure 9.1: The diagram shown represents t¢-channel exchange of particle type
X = K,K*(892), K1(1270).  The amplitudes could be parametrized by individual coupling
factors, g, for each vertex. Each process considered in this analysis, however, has at least one
experimentally undetermined vertex (see text). (Image produced by [76].)

x? from fit parameters as prescribed by Eq. (6.24). We then combine the y? values from differential
cross section, recoil polarization, and double polarization points as described by Eq. (6.31).

9.2 Fitting Non-resonant Processes

To ensure a reliable treatment of resonant contributions to our channel, a refined understanding
of the role of non-s-channel (i.e. ¢ and wu-channel) production mechanisms is necessary. Several
analyses have considered these non-resonant contributions to K+A photoproduction in the past.
For the most part, these previous analyses have relied upon differential cross section measurements
well-above (y/s > 4.0 GeV [28]) or within ([25, 7]) the resonance region. Though these analyses have
produced interesting results regarding N* states coupling to KA, neither of these approaches is
ideal. Furthermore, limited data on the A recoil polarization was available to these analyses. The
differential cross section and recoil polarization measurements presented in Chapter 7 of this analysis
allow us to study non-resonant contributions to the reaction in a /s region that is dominated by
t-channel processes (2.700 GeV < /s < 2.840 GeV), yet not far-removed from the resonance region.

Motivated by previous theoretical work [25, 7], we seek to describe the non-resonant contributions
to the yp — KT A differential cross section and polarization observables with a small set of ¢-channel
diagrams. For t-channel processes, we choose the exchanges of the three lowest-mass strange mesons
for which a strangeness-conserving coupling to 7K is possible. These are the KT, K*(895), and
K1(1270) mesons with J¥ = 07, 17, and 1%, respectively. Full expressions for these amplitudes are
given in §6.6.3. Here, we only comment that each t-channel amplitude has three free fit parameters:
a coupling constant for the entire diagram and two form factor mass cut-offs, one associated with
each vertex. We require these parameters to be the same across all values of 1/s. Furthermore,
we require the mass cut-offs for corresponding vertices in the K* exchange to be the same for
electric and magnetic multipoles (i.e. Alp.pe = Alje.pe and APy = Al%. ), as the radius of
the interaction should be mostly dependent only upon particle types. (Recall from §6.6.3 that for
the K* exchange, both electric and magnetic couplings are possible.) These constraints leave a
total of ten free t-channel parameters. Unfortunately, none of these parameters has been measured
experimentally. While measurements for coupling constants corresponding to particular vertices in
the t-channel diagrams are known (e.g. the K* — yKT decay width has been measured), none of
the diagrams we consider has been fully characterized. Each of the diagrams contains (at least) one
unknown vertex coupling (see Figure 9.1). As such, we fold both vertex factors into a single overall
scale factor for each diagram and use this scale factor as a free fit parameter.
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As was discussed in §7.2.3, the prominent peak in the KA differential cross section at forward
angles (cos 05, > 0.4) and high center-of-mass energies (/s > 2.700 GeV) suggests the dominance of
t-channel exchange processes in this kinematic region. Our method for determining a suitable model
of non-resonant production is to perform a binned x? fit to our ¢f1a measurements of the differential
cross section and recoil polarization in this range. Once the parameters of the ¢-channel amplitudes
have been determined (“locked”) in these high-/s bins, we use the implicit y/s-dependence of these
amplitudes to extrapolate the non-resonant contributions into the resonance region.

We began by fitting the t-channel amplitudes described above to the ¢g1a measurements in the
range 2.700 GeV< /s <2.840 GeV and forward angles defined by ¢t > —2.1 GeV?/c%. Here, the
range in t assures that we consider only points in the forward peak in the differential cross section.
The results of this fit produced a good description of our high-energy data; however, extrapolation
into the resonance region showed questionable results. Calculating the differential cross section
as prescribed by Eq. (6.30) showed the non-resonant contribution to be larger than the measured
differential cross section by a factor of ~ 2 in the near-threshold bins (v/s < 1.7 GeV). Though
this effect could be mitigated by destructive interference between the t-channel diagrams and any
s-channel diagrams present in this region, the magnitude of the ¢-channel diagrams here is surprising.

In light of this, we adapted our fitting technique to include the near-threshold differential cross
section, recoil polarization and glc double polarization measurements. In addition to the high-/s
data, we fit to measurements in the range 1.620 GeV< /s <1.680 GeV. In this low-/s region, we
cannot assume that production is dominated by t-channel mechanisms; we must add some s-channel
contribution to fit the data reliably. Of the known N* resonances, the PDG lists only the S11(1650)
as having a “likely to certain” coupling to KT A; experiments have shown evidence of the S11(1650)

decaying to KA [5]. Furthermore, the PDG lists the S11(1650) as having been observed in several

photoproduction experiments. We thus include the s-channel J* = %_ wave in our fit in the near-

threshold bins. Inclusion of this wave adds a total of twelve parameters (one scale and one phase
parameter for each of the six low-1/s bins) to the fit.

It should be noted that because we choose to fit only the forward peak of the high-energy data
where we are certain ¢-channel is the dominant production mechanism, performing a reliable fit
of any u-channel diagrams is difficult. w-channel production presents a characteristic backwards
peak in the differential cross section. While there is such a peak in the backwards direction in the
differential cross section for 2.60 GeV< /s <2.77 GeV, it is small in comparison to the forward
peak. In this model of non-resonant production, we omit any u-channel processes.

Results of the non-resonant fit in a few characteristic bins are presented in Figure 9.2. Parameters
returned by the fit are presented in Table 9.1. The fit describes the general trend in the differential
cross section at high energies and forward angles. The t-channel amplitudes are not able to match
the shape of the A recoil polarization data at high /s, although the magnitude of P, is approximated
by the fit. This suggests that our fit lacks some s-channel diagram with which the ¢-channel can
interfere. In the low-y/s bins, addition of the J¥ = %_ resonance allows for a very good description
of the differential cross sections. However, structures in the polarization observables C, and C, that
are not reproduced by the fit again suggest that more waves are needed to describe the data in this
region.

Though the non-resonant fit cannot reproduce some features of the data at high energies, it
represents the a model that can be made without making assumptions about s-channel states at
high-y/s. Unlike the low-/s region, where experiment suggests the presence of a resonant state or
states, there is no clear choice for the addition of s-channel waves in this region. Figure 7.23 shows
that the recoil polarization for forward angles and /s > 2.2 GeV is approximately constant and of
the magnitude given by out ¢-channel model. Thus, we accept the model for use in our scans for
s-channel resonances. In §9.7, we show that the results of our partial-wave analysis are robust by
using a different t-channel model.

Finally, we show the intensities of the non-resonant model and individual ¢-channel mechanisms
as they project to the lower-y/s region in Figure 9.3. These are compared to the total cross section
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Figure 9.2: Results of the non-resonant model fits. Plot (a) shows the differential cross section data
(black) and fit (solid red) for the /s = 2.725 GeV bin. The strengths of the individual ¢-channel
diagrams are shown as well. Points included in the fit are those to the right of the dashed vertical line
(t > —2.0). Plot (b) shows the Py data (black) and fit result (red) in the /s = 2.725 GeV bin. Plot
(c) shows the differential cross section data (black), total fit (red), and ¢-channel contribution in the
/s = 1.675 GeV bin. Plot (d) shows the fit to C, and C, in the /s = 1.675 GeV bin. Differential
cross section data (black) and ¢-channel contributions (red) projected into the /s = 2.005 GeV bin
are shown in Plot (e).
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| Fit parameter | Description | Value |
Aprcin form factor cut-off for pK ™A vertex 0.715
A+ o+ form factor cut-off for YK T K+ vertex 0.713
JK+ coupling factor for KT exchange 325
Aprcea form factor cut-off for pK*A vertex 0.690
A gkt form factor cut-off for yK* K™ vertex 0.691
gF. coupling factor for K* exchange (electric coupling) 77.4
gz, coupling factor for K* exchange (magnetic coupling) | 49.5
Apria form factor cut-off for pK A vertex 0.902
Ak K+ form factor cut-off for yK1 K+ vertex 0.902
9K, coupling factor for K exchange 20.7

Table 9.1: Table t-channel of fit parameters from non-resonant fit

in each bin. Note that inclusion of the near-threshold bins in the non-resonant fit has yielded a
smaller magnitude for the non-resonant terms at threshold.

We also comment on the s-channel proton-exchange amplitude described in Eq. (6.67). Inclusion
of this diagram in partial-wave analyses has historical roots that reach back to initial theoretical
studies of strangeness photoproduction in the 1960’s [24]. Recall that this amplitude is dependent
upon the coupling strength of the K AN vertex expressed as the parameter gxan. Previous anal-
yses have included this diagram in large-scale partial-wave fits treating ggan as a free parameter.
However, the resulting values of gxan show a large dependence upon the resonant partial waves
that are included in these fits; literature generally suggests values between ggany =11.5 [77] and
grxan =3.65 [7]. To investigate the contribution of this process to our partial-wave analysis, we used
a conservative estimate for this coupling, gxany =9.0 and calculated this amplitude at all values
of (v/s,co0s05,,) for which we have a differential cross section measurement. Figure 9.4 shows the
total cross section resulting from this diagram as a function of 1/s. We see that at low /s, the total
cross section from the proton exchange is negligible. At high /s, however, this diagram’s intensity
is a factor of two larger than the total cross section, placing this amplitude in doubt. The effect
at high /s could possibly be mitigated by the inclusion of a form factor in the proton-exchange
amplitude (as in Eq. (6.54)). In the absence of a clear method for including this amplitude, we omit
it in this study, noting that its contribution in the region of interest to our partial-wave analysis
(v/s <2.1 GeV) is small.

9.3 Single-Partial-Wave Scans

The starting point of our partial-wave analysis is a scan across all /s bins for single s-channel states.
In each /s bin, we performed a binned 2 fit to all available observables (do, Py, and the gic C,
and C, results) with our non-resonant model and one s-channel wave. Parameters of the s-channel
amplitudes were left free, while the t-channel parameters were locked to the values presented in the
last section. All s-channel amplitudes with % <J<L % (both parities) were investigated. Multiple
fit iterations (> 15 iterations) were run in each /s bin with randomized initial values for free
parameters to ensure fit reliability (i.e. that fits are not simply in local minima).

Plots showing the x? per number of degrees of freedom (ndf) in each /s bin are presented in
Figure 9.5. Here, the number of degrees of freedom is given as the number of measurement points
included in the fit minus the number of free fit parameters. For bins in which we fit to all four
measurements, the number of degrees of freedom is generally between 45 and 55. Recall that for
binned 2 fits, a x?/ndf value near 1 signifies a suitable description of the data, whereas larger
values indicate poorer fits.
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Figure 9.3: Shown above are comparisons of the total cross section (black) and projections of the
full non-resonant model (red) and its component production mechanisms.
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Figure 9.4: Shown above are intensities of the s-channel proton-exchange amplitudes with
grxan =9.0. At low /s, the contribution to the cross section is negligible. At high /s, the contri-
bution is roughly double the total cross section.
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Several overall features of single-wave x?’s are worthy of comment. First, no single fit produces

a x2/ndf that suggests the data are described by the t-channel model and a single s-channel wave.

Several waves show low x?’s in specific 1/s regions, such as the %+ fit at /s = 1.8 GeV and the %_
fit at threshold. Because the fits are not ideal, we do not assume that the single-wave description is

correct in any /s range. In light of this, we use the single-wave fit results as a suggestion of possible

s-channel contributions. Definite improvements in the y?/ndf are apparent for the J¥ = %7 wave

at threshold, /s ~ 1.8 GeV, and /s ~ 1.92 GeV. The J* = %Jr wave displays the best x2/ndf over

the range 1.82 GeV< /5 < 1.95 GeV. In the region above /s = 2.0 GeV, the JF = %+ shows the
best x2/ndf.

9.4 Two-Partial-Wave Scans

In the last section, we showed that that no /s region can be described by a single s-channel partial-
wave and our non-resonant model. We next performed x? fits to do, Py, and double-polarization
observables with the non-resonant model and two s-channel partial-waves. Fits using each of the
45 two-wave combinations (for J < %) were performed. Once again, multiple fit iterations were run
with randomized initial values for s-channel fit parameters. Plots of the x?/ndf in each /s bin
in each fit are presented in Figures 9.6 and 9.7. For the two-wave scans, however, we also find it
instructive to consider the individual intensity (absolute square of the complex amplitude) of each
s-channel wave used. Figures 9.8 and 9.9 show the intensities of each wave given by fits with the
waves indicated.

To determine whether a certain partial wave’s contribution in a given /s region is indicated, we
consider that wave’s intensity when fit with all other waves. If the wave shows appreciable intensity
regardless of what wave it is paired with, it is a good indication that the fit requires that partial
wave. If, however, the wave’s intensity is quenched when fit with any other wave, it’s contribution to

1

the reaction in that range is in doubt. As an example, we consider the J* = 5 wave in the range

1.8 GeV< /s <2.0 GeV. In this range, the intensity of the wave is sizable in all fits, suggesting that

the %7 is preferred by the fit. Conversely, the %7 partial wave shows a large intensity in the same

range when fit with the %+, %+, or %_ waves, but its intensity is quenched when fit with the %+

- + . . . .
1™ waves. The %_,_ and % (not shown) show no appreciable intensity at any +/s values in all fits.

2
From these results, we make several observations that will guide our partial-wave analysis and lead
to more focused investigation in the following sections. In the near-threshold region (/s <1.8 GeV),

or

the %_ and %+ partial waves show the most dominant intensities. This is consistent with previous

analyses of the yp — K1 A reaction. The PDG lists a four-star J* = %7 N* resonance at 1.65 GeV,

with a three-star rating for coupling to KA, as well as a four-star %+ state at 1.72 GeV with a

two-star coupling to K TA. Also in this region, the %_ partial wave shows intensity (albeit smaller)
in all fits. It is encouraging that the PDG also lists coupling of KTA to the D;3(1700) with a
two-star rating. Though its intensities do not suggest a large contribution in these bins, we see that

the presence of a ng partial wave is suggested by the x?/ndf from the two-wave scan with ng and

%+ waves. The PDG also lists a two-star coupling to KA for the four-star Fy5(1680) state. In §9.5,

we investigate this region with these four partial waves as primary candidates.

In the region 1.8 GeV< /s <2.0 GeV, we see a large intensity in the %7 partial wave. Though
the PDG lists the one-star S11(2080) as the only known resonance near this region, quark-model
calculations predict a resonance with these quantum numbers at 1.945 GeV [1]. Furthermore, the

%Jr partial wave shows a very large intensity in this region. The PDG lists one two-star %Jr state at
1.9 GeV and quark-model calculations predict four states in this range. We also observe intensities

in the %i and %Jr partial waves. In §9.6, we investigate these waves’ contributions to the reaction



CHAPTER 9. PARTIAL-WAVE ANALYSIS OF vp — KtA 141

S ok A
(\% 805_ AA‘A A A A JP: 12t
. A
>< 70~ £oava v =32
= A A
== B oy P =52
- A
= Y 0s @0 at o JP=7/2"
50— ™ AA A A P N
= Ay o E‘ A . A JF=9/2
40:_ AL My ' A&A A a
- N @ ¥ v Lk A
0 A My otd o oA M,
E AA‘A‘A m] qu"v DD w 2 y YA A&
20— L& N Iy 6% vl
= o S
- [m] v %AA 4 Ak,
10E ?33,@” o hmflmn Eth%?%"é'y &%“ :
O: 1 v kAl ! [
1600 1800 2000 2200 2400
Ns(MeV)
(a)
"’_5 -
£ O N s P12
o -
>< 70~ v IP=32
- Li} _
60— JP=5/2
S0 & 0 JP=7/2
E o ‘D A A JP=9/2_
40 g
30
20—
10~
obE—L

Figure 9.5: The plots above show the x?/ndf from fits of the non-resonant model and a single
s-channel partial wave. Figures (a) and (b) show positive and negative parity waves, respectively.
The vertical scale is the same in both plots.
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Figure 9.7: Shown above are the x?/ndf in each /s bin for each two-wave scan. Each plot shows
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Figure 9.8: Shown above are the intensities of individual s-channel waves when fit with the wave
combinations indicated. For example, plot (a) shows the intensity of the %7 partial wave when

fit with each of the other waves indicated. From this plot, we see that the %7 wave has a sizable
intensity at /s = 1.9 GeV in all fits, but its intensity is the least when paired with the %+ partial
wave. Shown are the J© = 1" (a), %_,_ (b), 27 (c), and %+ (d) partial waves.
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Figure 9.9: Shown above are the intensities of individual s-channel waves when fit with the wave

combinations indicated. For example, plot (b) shows the intensity of the %Jr partial wave when fit

with each of the other waves indicated. From this plot, we see that the %Jr wave displays a significant

5

intensity at /s = 2.0 GeV in all fits, but its intensity is lowest when paired with the 3  partial

wave. Shown are the J© =2 (a), 3

5+

(b),

(c), and %Jr (d) partial waves.
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in this energy range.

9.5 Near-Threshold Bins: /s < 1.8 GeV

Guided by the two-wave scans in the last section, we began our investigation of the near-threshold
bins (v/s <1.8 GeV) with the g+ and %+ waves. Recall that this pair produced the best x?/ndf in
the low-y/s range. In Figure 9.10(a), we present the cross section results from this fit. In the two-
wave scans, all s-channel parameters were allowed to vary freely with no bin-to-bin constraints. This
is encouraging when we consider the previously observed states in this region. The PDG lists the
four-star F15(1680) and P;3(1720) states in this region, both of which have a two-star-rated coupling
to KTA. Each of these observed states is associated with a state from quark-model calculations [1].

9.5.1 Multipole Coupling Constraint

Following the work of [4], we may impose a further physical constraint on the s-channel waves via
their multipole couplings. In §6.6.4, we discussed the role of the multipole couplings of vp to J¥
states. Recall that in the L — S basis, three Lorentz-invariant amplitudes (A{P7 A‘QIP7 Agp) can be
constructed describing yp — JT, but that these amplitudes are not linearly independent functions
of production angle; two of the three amplitudes differ only by an energy factor and cannot be
distinguished at a fixed value of s (see §6.6.4). In order to avoid this ambiguity, we construct our
amplitudes in the multipole basis where the amplitudes Aép and AI‘]; characterize the electric and
magnetic couplings of the yp and J¥ states. In §7.1.1, we presented our parametrization of s-channel
amplitudes in terms of the angle 6 ;», which parametrizes the ratio of electric and magnetic couplings
(see Eq. (7.4)). The L — S and multipole bases are related by

cos(0,r(s) AL +sin(@,r(s) AL = adl” + A" + 47", (9.6)

where «, 3, and v are the (s-independent) couplings to the L — S basis amplitudes. If the full J¥
amplitude describes a single state, it can be shown that the multipole production angle obeys the
relationship [4]

1
0 =t o N S =tan t ———M— 9.7
g7 (8) an . ﬁ/Esz an s b/E?Ycz\/ (9.7)

where we have written «/y = a and 3/ = b. We may constrain the multipole angles, 65+ and 5+,
2 2

across all bins in our fit to the form of Eq. (9.7), replacing each wave’s 18 individual 8 fit parameters
(one in each /s bin) with two fit parameters representing a and b in Eq. (9.7).

We then fit all bins with /s < 1.8 GeV simultaneously enforcing the multipole constraint.
Results of this fit are shown in Figure 9.10(b). Notice that the intensity profiles of both waves are
changed dramatically from the previous fit. It is interesting to note that both waves now display
intensity shapes that are suggestive of the mass and width parameters as listed in the PDG. Figure
9.11 shows the x?/ndf in each bin from the two fits. The added multipole constraint limits the fit’s
ability to describe the data, producting a much worse x?/ndf in these bins.

9.5.2 Fit with J* = g+, %+, and %_ Partial Waves

In light of the inability of two waves to describe the data, we sought to add a third wave to the fit near
threshold. By inspecting the intensities from the two-wave scans, we see that the %7 partial wave is
a good candidate; it shows sizable intensity in all two-wave scans in this energy range. Furthermore,

the PDG lists a state with these quantum numbers, the four-star S11(1650), with a three-star-rated
coupling to KTA. We thus performed a fit with the ng, %+, and %7 partial waves in bins with

/s < 1.8 GeV. In this fit, we again imposed the multipole constraint of Eq. (9.7) to 85+ and 65 +.
2 2
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Figure 9.10: Shown above are results from fits of the non-resonant model and s-channel J* = %Jr

and %Jr waves in the /s <1.8 GeV bins . Plot (a) shows intensities from a fit with the multipole
coupling parameters of both waves free. Plot (b) shows intensities from a fit with multipole parameter
constrained across all bins according to Eq. (9.7). All error bars represent MINUIT errors.
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Figure 9.11: The plot above shows x?/ndf for each of the indicated fit schemes. The fit with g+

and %+ waves with multipole couplings free (black circles) produces a fair x?/ndf. Constraining the
multipole parameter for both of these waves (red squares) reduces their ability to describe the data.

Also shown is the fit with %+, %+, and %_ waves with 65+ and 63+ constrained.
2 2

Recall from §6.6.4 that the J = % amplitudes have only an electric or magnetic coupling. Thus, no

further constraint is applied to the %_ wave. The intensities resulting from this fit are displayed in

Figure 9.12. We see that the %7 is the dominant wave in this fit, and that its shape is suggestive of

the four-star S11(1650) state. The ng and %+ waves maintain the shapes that were seen in Figure
9.10(b), but their intensities are now decreased in magnitude. The x?/ndf from this fit is displayed
in Figure 9.11. We see that addition of the %_ wave has greatly improved the description of the
data.

Further evidence of the presence of resonant states in this region is given by the difference in
the phase parameters for pairs of partial waves. Figure 9.13 shows the phase differences, A¢ =
10) g 10) P2 for each pair of waves. If we assume that each of the waves is describing a single
resonant state, we can calculate the amplitude for each of the waves using a constant-width Breit-
Wigner given by

mI’

BW(s) = s —m2+iml’

(9.8)
where m and I' are the mass and width of the resonance. The Breit-Wigner describes the s-
dependence of the propagator of each resonant amplitude. For each resonance, we can then calculate
the Breit-Wigner phase, given by

a(s) = tan~! ( —ml > . (9.9)

5§ —m?2

For two overlapping resonant states, j and k, with different quantum numbers, the Breit-Wigner
phase difference is given by

Ad(s) = aj—ak
—m.T —m, T
= tan! <mJ§> —tan™! <mk2k> . (9.10)
5 —ms s —mj
J
To apply this theoretical phase motion to a pair of waves, we must identify a /s region in which

both show appreciable intensity. For example, the phase difference between the %+ and %Jr waves



CHAPTER 9. PARTIAL-WAVE ANALYSIS OF vp — KtA 149

= *OF
2 E etota m5o
b 45
3.5§—A3/2* ovuz +
=
- t-channel + +
A T e
2 +
1.52— + (%) ({) (b
1;_ R 5 @ o o o6 0
05—
= L BT i Ao,
—..Iq!!i.4.....‘!.! A .
0 16|20 640 16|60 16|80 17|00 17|20 17|40 1760 q7sb.\rqaz\3/lloov)
s(Me
(a)
:.;0.6: +
S £ "5/2
0.5_— N
- 4 3/2
04—
03— +
02— + + +
o : '
- i 4
- AR Y
0™ 1620 1640 1660 1680 1700 1720 17 1760 1780 1800

Vs(MeV)
(b)

Figure 9.12: Shown in (a) and (b) are intensities from fits to y/s <1.8 GeV bins of the non-resonant

model and s-channel J¥ = %+, %Jr, and %7 waves. The multipole coupling parameters of the

P _ 5t
J_2

show the shape of the J* = %+ and %+ waves’ intensities.

and %+ waves were constrained in this fit. The vertical scale is increased in Plot (b) to
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Figure 9.13: Shown above are the phase differences for each pair of s-channel waves in the fit with
%+, %+, and %_. The relevant waves are listed on each plot. Dashed red curves represent the

theoretical phase motion using PDG average mass and width parameters. The solid magenta curves
represent a fit of the theoretical phase motion allowing mass and width parameters within PDG
limits.
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is given in Figure 9.13(a). We see that both of these waves display appreciable intensity in the /s
range 1.64 GeV to 1.75 GeV. The phase difference in this region shows a smooth trend similar in
shape to the theoretical phase motion given by the PDG average mass and width values for the
F15(1680) and P;3(1720) states (shown by the dashed red curve). If we allow the mass and width
values of both states to vary within the ranges listed by the PDG, we may fit Eq. (9.10) to the
observed phase differences. This fit (solid magenta curve) gives a mass of 1680 MeV and width of
140 MeV for the %Jr wave and a mass of 1739 MeV and width of 150 MeV for the %Jr wave with a
x?2/ndf of 0.20. This match of phase difference and the shape of the intensities for both of the waves

is consistent with the contribution of both the Fy5(1680) and P;3(1720) in K+ A photoproduction.

For the %Jr and %7 waves, we identify sizable intensities in the /s region from 1.65 GeV to
1.76 GeV. The phase difference for these two waves (Figure 9.13(b)) is smooth and shows a shape
and magnitude similar to the theoretical phase motion for the Py3(1720) and S11(1650) states. Once
again, we allow the mass and width parameters to vary within the limits quoted by the PDG and

fit Eq. (9.10) to the measured phase difference. This fit gives masses and widths of 1700 MeV and

218 MeV for the g* wave and 1660 MeV and 185 MeV for the 1~ wave with a x2/ndf of 0.95. Once
again, phase differences and intensity profiles are consistent with the contribution of the P;3(1720)
and S11(1650) N* states to KA photoproduction.

Finally, we consider the phase difference between the g+ and %_ waves shown in Figure 9.13(c).
For these waves, we identify the range 1.64 GeV< /s <1.75 GeV as having significant contributions
from both waves. The phase motion is once again smooth in this region, however, its shape and
scale differ from the Breit-Wigner description. The PDG mass and width ranges for the F;5(1680)
and S11(1650) states do not allow a good fit of Eq. (9.10) to the observed phase differences. The
inability of the Breit-Wigner phase difference to describe the data could be explained by multiple S
states in this energy range. Previous analyses [36] have considered the contribution of the four-star
S11(1535) state to the KTA channel. If this coupling is non-negligible in this region, the single-
state Breit-Wigner hypothesis is inapplicable. Thus, we comment only that the phase difference
between these two waves displays some bin-to-bin consistency and warrants further study as more
data become available.

Finally, we provide in Figure 9.14 plots of this fit’s description of the differential cross section
and polarization data in this region. We see that fits in most bins are very good (as demonstrated
by the x?/ndf in Figure 9.11). As shown for the /s =1.735 GeV and 1.765 bins, the fit has trouble
reproducing the recoil polarization at backward angles. This could suggest the presence of u-channel
contributions that our non-resonant model lacks. This mismatch could also suggest the presence
of further N* states in this energy regime. This is not surprising, as two other states have been
observed to couple to KA with two-star ratings. Motivated by this, we have attempted to add the
%_ and g_ states to the fit, but results were inconclusive. Here, we simply comment that the three
waves used do not provide a full description of the data and we do not rule out the possibility of
other states.

9.6 J'=1 and %+ Partial Waves: 1.8 GeV< /s <2.0 GeV

1-
2

The two-wave scans in §9.4 suggest the contribution of the %7 and %Jr partial waves in the range

1.8 GeV< /s <2.0 GeV. We see from Figure 9.8 that both waves show sizable intensity in this
range when fit with any other wave. The intensity of the %Jr wave is consistent in all fits; it displays
wide contribution from threshold to /s ~2.0 GeV. The %_ intensity shows a very interesting shape;

its intensity when fit with the %+ wave has a smooth shape suggestive of a resonant state. It is
important to note that in all of the two-wave scans involving the %_ partial wave (excluding the

fit with %+), the %_ wave has a larger intensity that the other partial wave for /s in the range
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Figure 9.14: Shown above are comparisons of data and g+

3+

1—
I b)

’ 2

fit results in the /s =1.665 GeV

(a), 1.705 GeV (b), 1.735 GeV (c¢), and 1.765 GeV (d) bins. In each row, plots show do, P, and
double-polarization observables from left to right.
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Figure 9.15: Shown in (a) are the intensities from the %Jr (red) and %~ (blue) partial waves and the
non-resonant model (open circles). All s-channel fit parameters were left free in this fit. The %Jr
shows a broad contribution from 1.8 GeV to 2.05 GeV, while the %7 wave shows a peak at 1.9 GeV
and one at 2.0 GeV. Plot (b) shows the intensities from a fit of %i%f waves with 9% + constrained
as in Eq. (9.7).

1.88 GeV to 1.95 GeV. This is a strong indicator of the presence of a %7 state in this range.

The fit with %+ and %7 together shows interesting structure in both waves’ intensities. Figure
9.15 shows the intensities in this range from the fit with %+ and %_ partial waves and the non-
resonant model. All s-channel fit parameters were left free in this fit. The %+ contribution to the

cross section is very wide. The %7 partial wave shows two peaks in this range, one at /s ~1.9 GeV
and one at /s ~2.0 GeV.
3

We then applied the single-state hypothesis by fitting the §+ and %_ waves in bins in the range
1.8 GeV< /s <2.0 GeV simultaneously with the %+ wave’s multipole parameter constrained as
prescribed by Eq. (9.7). We found that with this further constraint, the %+ partial wave’s intensity

is greatly diminished in this range (see Figure 9.15(b)). This suggests that the %Jr contribution in
this /s range is not due to a single resonance. While the PDG lists only one such N* state in this
region, the two-star P13(1900), quark-model calculations predict states at 1870 MeV, 1910 MeV, and
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Figure 9.16: Shown above are the phase differences A¢p = ¢33+ — ¢1- from fits with %+ and %_
2 2

s-channel waves and the non-resonant model. Vertical dashed lines indicate the /s range over which
both waves show appreciable intensity. The magenta curve shows a fit of a theoretical Breit-Wigner
phase difference.

1950 MeV. Thus, for further fits in this region, we allow the %+ multipole coupling to vary freely
from bin to bin.
We now turn our attention to the peak in the %7 intensity at /s =~ 1.9 GeV. We associate the

%7 strength for /s in the range 1.83 GeV to 1.93 GeV with this structure. A plot of the phase

differences A¢p = ¢p3+ — ¢ - is provided in Figure 9.16. The phase differences in this range display

an interesting downward trend, as we would expect from %+ states at /s =~ 1.8 GeV and a %_ state

at ~ 1.92 GeV. When we fit a theoretical Breit-Wigner phase difference function to the data, we

find that the data can be described by a %+ state with a mass of 1950 MeV and width of 90 MeV

and a %7 state with a mass of 1840 MeV and width of 150 MeV. The mass values from the phase
difference fit do not align with those suggested by the intensity plots. This discrepancy could be
due to the presence of multiple states (most likely %+ states) in this region, a phenomenon which

would invalidate the Breit-Wigner approximation.

Figure 9.15(a) also shows a peak in the 3 intensity at /s ~2.0 GeV. However, this peak is
suspicious as many of the two-wave scans show non-zero intensity at /s = 2.0 GeV. Furthermore,
the single- and double-wave scans show a dramatic rise in x?/ndf at this \/s value. These lead us

to believe that an adequate description of the data at /s =2.0 GeV cannot be achieved with two s-

channel waves alone. To investigate the validity of the %7 contribution at this 1/s value, we performed
a series of three-wave fits in the range 1.8 GeV< /s <2.1 GeV. Motivated by the results of the two-

+ . . . .
wave scans, we chose the J* = g and %Jr waves as possible candidates. The results of a fit including
%Jr, %+, and %7 partial waves and the non-resonant model in the range 1.8 GeV< /s <2.1 GeV are

shown in Figure 9.17. We immediately see that the intensity of the %7 wave at 2.0 GeV observed in
Figure 9.15(a) has been replaced by the g+ wave. The shape of the %_ intensity at /s =1.9 GeV
remains. The shape of the %+ intensity is largely unchanged. Most importantly, the addition of the
third wave has not greatly affected the shape of the phase difference between the %+ and %7 waves
in the region where the 1~ shows strength (1.85 GeV< /s <1.94 GeV).

Shown in Figure 9.18 are the results of fits with the 3, %+

the %_ partial wave displays a large contribution in the /s range 1.8 GeV to 2.0 GeV. We see that

,and 3 partial waves. In this fit,
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Figure 9.17: Intensities and phase differences from fit with %ﬁ%ﬂ%f waves: 1.80 GeV<

Vs <2.1 GeV. Plot (a) shows the intensities from each wave in the fit. The vertical dashed lines
emphasize the shape of the %7 at /s =~ 1.9 GeV. Plot (b) shows the phase difference between the
3+

-
5 and 5 waves.
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Figure 9.18: Intensities and phase differences from fit with %_,%+,%_ waves: 1.80 GeV<

Vs <2.1 GeV. Plot (a) shows the intensities from each wave in the fit. Plot (b) shows the phase dif-

ference between the %+ and %_ waves. The vertical dashed lines show the region of overlap between

+ - ..
% and % intensities.

the %+ contribution has been greatly reduced for /s > 1.9 GeV. In the range where the %+ and %_
intensities overlap, we see phase motion (Figure 9.18(b)) similar to that from previous fits.

We display the results of the fit with the %+, %Jr, and %_ partial waves in this region in Figure
9.19. We find that the %7 again shows a non-zero intensity at /s 1.9 GeV. The %+ wave shows a
smooth intensity in the large /s range 1.8 GeV to 2.0 GeV, though its peak is now at roughly the
same /s value as that of the %_ wave. Inspection of the phase difference between the %Jr and %_
waves in this region shows that the general trend displayed in the previous two fits is altered by the
addition of the %Jr wave. For /s >1.87 GeV, the phase difference is relatively flat, as we expect for
two Breit-Wigner resonances characterized by the same mass and width values. Once again, because
of the possibility of multiple %Jr resonances, we cannot use the Breit-Wigner description to interpret
these phase differences.

In summary, the contributions from %Jr and %7 partial waves in the region 1.8 GeV< /s <2.0 GeV
are difficult to observe conclusively. Both waves show sizable and consistent (bin-to-bin) intensities

in this region when fit with another wave. By constraining the multipole coupling of the ng partial
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Figure 9.19: Intensities and phase differences from fit with %+,%+,%_ waves: 1.80 GeV<

Vs <2.1 GeV. Plot (a) shows the intensities from each wave in the fit. Plot (b) shows the phase
difference between the %Jr and %7 waves.
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Figure 9.20: Shown above are comparisons of the total cross section (black) and projections of the
alternate non-resonant model (red) and its component production mechanisms. Notice that this
model has a very different contribution at low /s than the previous non-resonant model.

wave and finding that its intensity in this region is greatly decreased, we ascertain that the %+ par-
tial wave does not describe a single state in this region; however, we cannot rule out the possibility
of multiple resonances. The PDG lists one such state in this region, the P;3(1900) (two-star rating),

and the Constituent Quark Model predicts three states at 1870 MeV, 1910 MeV, and 1950 MeV. By
investigating the presence of the %_ partial wave in both two- and three-wave fits, we have shown
that in all fit schemes, it displays appreciable intensity in the region 1.88 GeV< /s <1.95 GeV. We
have observed some interesting motion in the phase difference between the %+ and %_ partial waves
in this region, and shown that the motion is smooth and consistent in reliable fits. The PDG lists

the S11(2090) state as the only %_ state observed near this region, although the Constituent Quark

Model predicts a state at 1.945 GeV. Because multiple %Jr states may exist in this energy range, the
phase motion cannot be studied with the Breit-Wigner phase difference from Eq. (9.10). As such,
we comment only that the observed phase motion is smooth, and that this warrants further study
of these partial waves’ contributions as more data become available.

9.7 Alternate t-channel Model

To investigate any systematic effects associated with our non-resonant model, we have tested the
results of §9.5 with a second non-resonant model. For this model, we used only the ¢-channel K
and K*(892) exchange diagrams, repeating the procedure described in §9.2. The %7 s-channel
wave was again used in /s bins in the range 1.62 GeV to 1.68 GeV. Figure 9.20 shows this new
non-resonant model’s contribution to the total cross section as a function of \/s. Exclusion of the
K1(1270) exchange diagram in this model yields a very different non-resonant contribution in the
near-threshold bins than our primary non-resonant model.

With the alternate non-resonant model, we once again performed the three-wave fit described in
§9.5.2. Figure 9.21 shows the results of this fit. We see that the intensity profile of the three s-channel
waves has not been altered greatly by the alternate non-resonant model. The phase differences for
all three two-wave combinations are very similar to those from the fit with the original non-resonant
model, however Minuit errors on the phases are larger than in the previous fit. We thus consider
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our results to be robust against variations in the non-resonant model.

9.8 Conclusions and Outlook

In this chapter, we have presented evidence for the contribution of several N* states to the yp —
KTA reaction. In the near-threshold region (/s <1.8 GeV), we have found evidence of the pre-
viously observed S11(1650), Py3(1720), and F5(1680) states. Each of these states has a four-star
existence rating as listed by the PDG. The PDG lists the S11(1650) coupling to KA as a three-star
phenomenon. The P;3(1720) and Fi5(1680) couplings are both given two-star ratings. We further
comment that our fit including these three partial waves does not provide a full description of the
data in this /s region. Thus, we cannot rule out further states such as the D15(1675) and D3(1700).

In the /s region from 1.8 GeV to 2.0 GeV, we have found evidence for the existence of an Si;
state at approximately 1.92 GeV. We have shown that the strength of this partial wave displays
appreciable intensity in the range 1.85 GeV< /s <1.95 GeV in all two- and three-wave fits. We

have also shown that the phase motion between this partial wave and the %Jr partial wave displays
bin-to-bin smoothness in this region. This evidence is perhaps interesting given the quark-model
prediction of an Sy state with a mass of 1945 MeV. Previous experimental evidence for the S, state
in this region is dubious; the closest observed state is the one-star-rated S11(2090). Our investigation

in this region also suggests the existence of multiple %+ states in the 1.8 GeV< /s <1.95 GeV range.
The PDG lists only one such state, the two-star P;3(1900), whereas quark-model calculations predict
states at 1870, 1910, and 1950 MeV. Though the evidence for the S1; and P;3 states presented in
this chapter is not fully conclusive, it suggests the presence of these states and warrants further
study as high-precision data on the other spin observables become available.

Our technique for consistently combining results from different experiments into a single partial-
wave analysis has proven useful. In the near future, several experiments will add previously unob-
served quantities to our characterization of the yp — K+ A reaction. Presently, Craig Patterson and
David Ireland of Glasgow University are analyzing the photoproduction of the KA system using the
linear photon polarization data of the CLAS ¢8b dataset. This analysis will yield the measurements
of O, and O,, the linear double-polarization observables. In late 2007, the CLAS Collaboration
performed the FROST (FROzen Spin Target) experiment. This experiment called for a linearly
polarized photon beam incident on a polarized hydorgen target and will allow measurement of a
large number of the polarization observables that characterize this reaction. Our method allows for
easy integration of these experiments’ results as they become available. These added polarization
measurements will provide a much more complete understanding of the yp — KT A reaction and
add analyzing power to future partial-wave analyses of this channel.
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Appendix A

Data Tables

A.1 —% . Measurements
dcostz,,

The tables below list differential cross section measurements for the yp — KA reaction as discussed
in Chapter 7. The results are broken into three major columns, representing our two-track (pK™)
and three-track (pK*7~) topologies and the averaged results. Each column has four sub-columns,
listing the values of cos Gg s do/dcos Hg -+ Statistical uncertainty (osiq¢), and systematic uncertainty
(0sys) for each point. These values are discussed in §7.2.3. Where data from both topologies exists,
the average systematic uncertainty is calculated as a weighted average of the systematic uncertainties
of the two topologies in the following way:

T ous.2trac Osus.3trac 1 1
Esys _ ;y5,2t7ack + ;y.s,Shack: / . + - ] (Al)
Jstat,2tr(zck Ustat,3track Jstat,2t7"ack Ustat,3track
Two-track (pK ) Topology Three-track (pK 7~ ) Topology Weighted average
cos 0K, ﬁ Ostat Osys cos 0K, ﬁ Ostat Osys cos 0K, ﬁ Ostat Osys
(1b) (#b)  (pb) (1b) (#b)  (pb) (1b) (#b)  (pb)
1.620 GeV < /s < 1.630 GeV
-0.10 0.4967 0.0690 0.0479 -0.10 0.4967 0.0837  0.0479
0.00 0.3799 0.0560  0.0366 0.00 0.3799 0.0678  0.0366
0.10 0.3361 0.0512  0.0324 0.10 0.3361 0.0620 0.0324
0.20 0.5174 0.0691  0.0499 0.20 0.5174 0.0838  0.0499
0.30 0.5369 0.0657  0.0518 0.30 0.5369 0.0796  0.0518
0.40 0.5052 0.0621  0.0487 0.40 0.5052 0.0753  0.0487
0.50 0.4897 0.0700  0.0472 0.50 0.4897 0.0849  0.0472
0.60 0.5718 0.0861  0.0551 0.60 0.5718 0.1043  0.0551
0.70 0.7261 0.1237  0.0700 0.70 0.7261 0.1500 0.0700
1.630 GeV < /s < 1.640 GeV
-0.50 0.4118 0.0692  0.0397 -0.50 0.4118 0.0838  0.0397
-0.40 0.4598 0.0628  0.0444 -0.40 0.4598 0.0761  0.0444
-0.30 0.5501 0.0707  0.0531 -0.30 0.5501 0.0857  0.0531
-0.20 0.4679 0.0630 0.0451 -0.20 0.4679 0.0763  0.0451
-0.10 0.4223 0.0553  0.0407 -0.10 0.4223 0.0671  0.0407
0.00 0.4760 0.0504  0.0459 0.00 0.4760 0.0611  0.0459
0.10 0.5317 0.0507  0.0513 0.10 0.5317 0.0614  0.0513
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0.20 0.6113 0.0551  0.0590 0.20 0.6113 0.0667  0.0590
0.30 0.5564 0.0594  0.0537 0.30 0.5564 0.0720  0.0537
0.40 0.6295 0.0782  0.0607 0.40 0.6295 0.0947  0.0607
0.50 0.5596 0.0689  0.0540 0.50 0.5596 0.0835  0.0540
0.60 0.5228 0.0569  0.0504 0.60 0.5228 0.0690  0.0504
0.70 0.5957 0.0595  0.0575 0.70 0.5957 0.0721  0.0575
0.80 0.4699 0.0907  0.0453 0.80 0.4699 0.1099 0.0453
1.640 GeV < /5 < 1.650 GeV
-0.50 0.5756 0.0735  0.0556 -0.50 0.5756 0.0890  0.0556
-0.40 0.5036 0.0587  0.0486 -0.40 0.5036 0.0711  0.0486
-0.30 0.5129 0.0619  0.0495 -0.30 0.5129 0.0750  0.0495
-0.20 0.5719 0.0692  0.0552 -0.20 0.5719 0.0839  0.0552
-0.10 0.4123 0.0563  0.0398 -0.10 0.4123 0.0682  0.0398
0.00 0.6350 0.0598 0.0613 0.00 0.6350 0.0724 0.0613
0.10 0.6629 0.0539  0.0640 0.10 0.6629 0.0653  0.0640
0.20 0.7037 0.0643  0.0679 0.20 0.7037 0.0779  0.0679
0.30 0.8447 0.0908 0.0816 0.30 0.8447 0.1100 0.0816
0.40 0.6764 0.0594  0.0653 0.40 0.6764 0.0719  0.0653
0.50 0.7006 0.0537  0.0676 0.50 0.7006 0.0650 0.0676
0.60 1.0378 0.0704  0.1002 0.60 1.0378 0.0853  0.1002
0.70 1.0189 0.0770  0.0984 0.70 1.0189 0.0933  0.0984
0.80 1.0820 0.0936  0.1045 0.80 1.0820 0.1134 0.1045
1.650 GeV < /5 < 1.660 GeV
-0.10 0.6391 0.0576  0.0618 -0.10 0.6391 0.0699 0.0618
0.00 0.7030 0.0546  0.0679 0.00 0.7030 0.0662  0.0679
0.10 0.8145 0.0561  0.0787 0.10 0.8145 0.0679  0.0787
0.20 0.9051 0.0840  0.0875 0.20 0.9051 0.1018  0.0875
0.30 0.9488 0.0755  0.0917 0.30 0.9488 0.0915 0.0917
0.40 0.8704 0.0492  0.0841 0.40 0.8704 0.0596  0.0841
0.50 0.9889 0.0549  0.0956 0.50 0.9889 0.0666  0.0956
0.60 1.0181 0.0599  0.0984 0.60 1.0181 0.0726  0.0984
0.70 0.9390 0.0626  0.0907 0.70 0.9390 0.0759  0.0907
0.80 1.1295 0.0841 0.1092 0.80 1.1295 0.1019  0.1092
1.660 GeV < /5 < 1.670 GeV
0.00 0.9013 0.0632  0.0816 0.00 0.9013 0.0766  0.0816
0.10 1.0479 0.0710  0.0949 0.10 1.0479 0.0860  0.0949
0.20 1.0167 0.1055  0.0921 0.20 1.0167 0.1278  0.0921
0.30 1.0531 0.0682  0.0954 0.30 1.0531 0.0827  0.0954
0.40 1.0117 0.0560 0.0916 0.40 1.0117 0.0678  0.0916
0.50 1.0984 0.0639  0.0995 0.50 1.0984 0.0774  0.0995
0.60 1.2022 0.0710  0.1089 0.60 1.2022 0.0860  0.1089
0.70 1.3292 0.0843 0.1203 0.70 1.3292 0.1022  0.1203
0.80 1.2799 0.0938  0.1159 0.80 1.2799 0.1137  0.1159
1.670 GeV < /5 < 1.680 GeV
-0.50 1.0517 0.1134  0.0953 -0.50 1.0517 0.1375  0.0953
-0.40 1.1082 0.0784  0.1004 -0.40 1.1082 0.0951  0.1004
-0.30 0.9884 0.0698  0.0896 -0.30 0.9884 0.0845  0.0896
-0.20 1.1132 0.0731  0.1009 -0.20 1.1132 0.0886  0.1009
-0.10 1.1775 0.0738  0.1067 -0.10 1.1775 0.0894  0.1067
0.00 1.0384 0.0578  0.0941 0.00 1.3076 0.3702 0.1184 0.00 1.0448 0.0595  0.0947
0.10 1.1623 0.0641  0.1053 0.10 1.6251 0.4455  0.1471 0.10 1.1717 0.0659  0.1062
0.20 1.1464 0.0933 0.1039 0.20 1.1464 0.1131  0.1039
0.30 1.3628 0.0666  0.1235 0.30 1.9558 0.7146  0.1770 0.30 1.3679 0.0680  0.1240
0.40 1.2812 0.0591 0.1161 0.40 1.3971 0.3580 0.1265 0.40 1.2842 0.0609 0.1164
0.50 1.3476 0.0640 0.1221 0.50 1.3476 0.0776  0.1221
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0.60 1.4256 0.0676  0.1292 0.60 1.4256 0.0819 0.1292
0.70 1.6026 0.0844 0.1452 0.70 1.6026 0.1023 0.1452
0.80 1.6371 0.0938 0.1484 0.80 1.6371 0.1137 0.1484
1.680 GeV < /s < 1.690 GeV
-0.50 0.9541 0.0726 0.0866 -0.50 0.9541 0.0880 0.0866
-0.40 0.9641 0.0613  0.0875 -0.40 0.9641 0.0743  0.0875
-0.30 1.1826 0.0662 0.1073 -0.30 1.1826 0.0802 0.1073
-0.20 1.2230 0.0682 0.1109 -0.20 1.2230 0.0827 0.1109
-0.10 1.2670 0.0685 0.1149 -0.10 2.0664 0.5148 0.1872 -0.10 1.2809 0.0703 0.1162
0.00 1.1148 0.0540 0.1011 0.00 1.1309 0.2187  0.1025 0.00 1.1158 0.0558 0.1012
0.10 1.2202 0.0536  0.1107 0.10 1.2587 0.2026 0.1141 0.10 1.2228 0.0553 0.1109
0.20 1.2898 0.0876 0.1170 0.20 1.3174 0.3316 0.1194 0.20 1.2916 0.0904 0.1172
0.30 1.3077 0.0554 0.1186 0.30 1.0737 0.1753  0.0973 0.30 1.2864 0.0569 0.1167
0.40 1.3995 0.0555 0.1270 0.40 1.6903 0.2497 0.1532 0.40 1.4132 0.0574 0.1282
0.50 1.4341 0.0581 0.1301 0.50 0.9906 0.2310 0.0898 0.50 1.4077 0.0600 0.1277
0.60 1.6338 0.0672 0.1482 0.60 1.6338 0.0814 0.1482
0.70 1.9187 0.0809 0.1740 0.70 1.9187 0.0980 0.1740
0.80 1.8197 0.0892 0.1651 0.80 1.8197 0.1081 0.1651
1.690 GeV < /s < 1.700 GeV
-0.50 0.8281 0.0671 0.0752 -0.50 0.8281 0.0813 0.0752
-0.40 0.9488 0.3613  0.0861 -0.40 0.9488 0.4379 0.0861
-0.30 1.0830 0.0570  0.0983 -0.31 1.7092 0.6159  0.1550 -0.30 1.0883 0.0582  0.0988
-0.20 1.0366 0.0528 0.0941 -0.20 0.9626 0.2272  0.0873 -0.20 1.0328 0.0545  0.0938
-0.10 1.0599 0.0551 0.0962 -0.10 1.2589 0.2207 0.1142 -0.10 1.0716 0.0569 0.0973
0.00 0.9987 0.0487  0.0907 0.00 1.2403 0.1400 0.1125 0.00 1.0248 0.0499 0.0930
0.10 1.4229 0.0548 0.1292 0.10 1.2125 0.1304 0.1100 0.10 1.3913 0.0554 0.1263
0.20 1.3909 0.0812 0.1263 0.20 0.8579 0.1568  0.0778 0.20 1.2782 0.0799 0.1160
0.30 1.4553 0.0516  0.1321 0.30 1.3170 0.1290 0.1194 0.30 1.4363 0.0523  0.1304
0.40 1.5907 0.0538 0.1444 0.40 1.5168 0.1469 0.1376 0.40 1.5819 0.0549  0.1436
0.50 1.6205 0.0544 0.1471 0.50 1.4344 0.1671 0.1301 0.50 1.6026 0.0558 0.1455
0.60 1.6857 0.0623  0.1531 0.60 2.4135 0.4424  0.2189 0.60 1.6998 0.0640 0.1543
0.70 1.8727 0.1145 0.1700 0.70 3.4126 1.1749  0.3095 0.70 1.8872 0.1170 0.1714
0.80 1.9566 0.1962 0.1777 0.80 1.9566 0.2378 0.1777
1.700 GeV < /s < 1.710 GeV
-0.50 1.0607 0.3252  0.0964 -0.50 1.0607 0.3942  0.0964
-0.40 0.9775 0.3478 0.0888 -0.40 0.9775 0.4216 0.0888
-0.30 1.0427 0.0861 0.0948 -0.30 0.5541 0.1646  0.0503 -0.30 0.9376 0.0847  0.0852
-0.20 1.1492 0.3207 0.1044 -0.20 0.9984 0.1578 0.0906 -0.20 1.0278 0.1565 0.0933
-0.10 1.1288 0.0709  0.1026 -0.10 1.1052 0.1553  0.1003 -0.10 1.1248 0.0710 0.1022
0.00 0.9827 0.0500 0.0893 0.00 0.9948 0.1245 0.0903 0.00 0.9844 0.0507  0.0895
0.10 1.3410 0.0528 0.1219 0.10 1.0371 0.1089  0.0942 0.10 1.2831 0.0525 0.1166
0.20 1.5381 0.0808 0.1398 0.20 1.3602 0.1755  0.1235 0.20 1.5070 0.0808 0.1369
0.30 1.4985 0.0573  0.1362 0.30 1.3442 0.1136  0.1220 0.30 1.4672 0.0566  0.1333
0.40 1.6650 0.0594 0.1513 0.40 1.3681 0.1144 0.1242 0.40 1.6020 0.0584  0.1456
0.50 1.7445 0.0594 0.1586 0.50 1.5313 0.1319 0.1390 0.50 1.7086 0.0596 0.1553
0.60 1.9381 0.0690 0.1761 0.60 1.9644 0.2113 0.1783 0.60 1.9407 0.0708 0.1764
0.70 2.1806 0.0789  0.1982 0.70 1.4726 0.3318 0.1337 0.70 2.1427 0.0815  0.1947
0.80 2.4083 0.0952  0.2189 0.80 2.4083 0.1153  0.2189
0.88 2.6276 0.1729  0.2388 0.88 2.6276 0.2095 0.2388
1.710 GeV < /5 < 1.720 GeV
-0.50 0.7870 0.2126  0.0716 -0.50 0.7870 0.2576  0.0716
-0.40 0.8237 0.1277  0.0749 -0.40 1.2192 0.4507 0.1108 -0.40 0.8531 0.1316  0.0776
-0.30 0.9994 0.1917  0.0909 -0.30 0.8315 0.1352  0.0756 -0.30 0.8873 0.1242  0.0807
-0.20 1.0133 0.0653  0.0922 -0.20 1.1448 0.1304 0.1040 -0.20 1.0397 0.0646  0.0946
-0.10 1.0436 0.0570  0.0949 -0.10 0.8550 0.1009 0.0777 -0.10 0.9980 0.0553  0.0908
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0.00 1.0882 0.0708  0.0990 0.00 0.8528 0.0892  0.0775 0.00 0.9972 0.0626  0.0907
0.10 1.3120 0.0512 0.1194 0.10 1.4116 0.1052 0.1283 0.10 1.3311 0.0509 0.1211
0.20 1.5404 0.0722 0.1401 0.20 1.3522 0.1326 0.1229 0.20 1.4974 0.0705 0.1362
0.30 1.5038 0.0513 0.1368 0.30 1.5690 0.1044 0.1426 0.30 1.5165 0.0509 0.1379
0.40 1.6700 0.0557  0.1519 0.40 1.5885 0.1071 0.1443 0.40 1.6526 0.0548  0.1503
0.50 1.9117 0.0589 0.1739 0.50 1.9514 0.1198 0.1773 0.50 1.9195 0.0584 0.1746
0.60 2.0139 0.0615 0.1832 0.60 2.2448 0.1659 0.2040 0.60 2.0417 0.0627 0.1857
0.70 2.1266 0.0885 0.1935 0.70 1.8669 0.2752  0.1696 0.70 2.1023 0.0908 0.1912
0.80 2.6124 0.1475  0.2377 0.80 2.6124 0.1788  0.2377
0.88 2.6288 0.1562  0.2392 0.88 2.6288 0.1893  0.2392
1.720 GeV < /5 < 1.730 GeV
-0.50 0.6374 0.1825 0.0580 -0.50 0.6374 0.2212 0.0580
-0.40 0.7043 0.0777  0.0641 -0.40 1.0712 0.3212 0.0974 -0.40 0.7246 0.0802 0.0660
-0.30 0.8296 0.0644 0.0755 -0.30 0.6899 0.1058  0.0628 -0.30 0.7919 0.0615 0.0721
-0.20 0.8116 0.0609  0.0739 -0.20 0.9748 0.1146  0.0887 -0.20 0.8476 0.0597  0.0772
-0.10 0.9483 0.0720 0.0864 -0.10 1.1808 0.1388 0.1074 -0.10 0.9977 0.0709  0.0908
0.00 1.0358 0.0522  0.0943 0.00 0.9866 0.1061 0.0897 0.00 1.0262 0.0518 0.0934
0.10 1.3385 0.0642 0.1219 0.10 1.0733 0.0904 0.0976 0.10 1.2495 0.0589 0.1137
0.20 1.4530 0.0705 0.1323 0.20 1.4485 0.1417 0.1317 0.20 1.4521 0.0698 0.1322
0.30 1.5348 0.0822  0.1398 0.30 1.6630 0.1080 0.1513 0.30 1.5818 0.0737  0.1440
0.40 1.7995 0.0578 0.1639 0.40 1.6040 0.1025 0.1459 0.40 1.7523 0.0561 0.1595
0.50 2.0133 0.0598 0.1833 0.50 1.9525 0.1210 0.1776 0.50 2.0014 0.0593 0.1822
0.60 2.0073 0.0613  0.1828 0.60 1.9438 0.1333  0.1768 0.60 1.9962 0.0614 0.1817
0.70 2.2163 0.0722  0.2018 0.70 2.2650 0.2605  0.2060 0.70 2.2197 0.0744  0.2021
0.80 2.6248 0.1099  0.2390 0.80 2.6248 0.1332  0.2390
0.89 3.5484 0.8591 0.3231 0.89 3.5484 1.0413 0.3231
1.730 GeV < /s < 1.740 GeV
-0.40 0.6005 0.1766  0.0547 -0.40 0.4652 0.1053  0.0424 -0.40 0.5007 0.1010 0.0456
-0.30 0.7339 0.0444  0.0669 -0.30 0.6068 0.0803  0.0552 -0.30 0.7041 0.0432  0.0642
-0.20 0.8783 0.0432  0.0801 -0.20 0.8860 0.0922  0.0807 -0.20 0.8797 0.0432  0.0802
-0.10 0.9354 0.0756  0.0853 -0.10 1.0245 0.1015  0.0933 -0.10 0.9672 0.0683  0.0881
0.00 1.0457 0.0555  0.0953 0.00 1.0254 0.0909 0.0934 0.00 1.0402 0.0530  0.0948
0.10 1.2608 0.0477 0.1149 0.10 1.1033 0.0831 0.1004 0.10 1.2217 0.0461 0.1113
0.20 1.5075 0.0720 0.1374 0.20 1.4073 0.1177  0.1281 0.20 1.4802 0.0687 0.1349
0.30 1.4611 0.0987 0.1332 0.30 1.4019 0.0820 0.1276 0.30 1.4261 0.0712  0.1299
0.40 1.7410 0.0560  0.1587 0.40 1.6154 0.0878  0.1471 0.40 1.7047 0.0529  0.1553
0.50 1.9954 0.0576  0.1819 0.50 1.9750 0.1034 0.1798 0.50 1.9905 0.0560 0.1814
0.60 2.0740 0.0566  0.1890 0.60 1.8946 0.1074 0.1725 0.60 2.0350 0.0555 0.1854
0.70 2.3301 0.0679 0.2124 0.70 2.0699 0.1737 0.1885 0.70 2.2956 0.0690 0.2092
0.80 2.5462 0.1040 0.2321 0.80 2.5462 0.1260 0.2321
1.740 GeV < /5 < 1.750 GeV
-0.40 0.9824 0.1467  0.0895 -0.40 0.9824 0.1778  0.0895
-0.30 0.6799 0.0652  0.0620 -0.30 0.5891 0.0746  0.0537 -0.30 0.6405 0.0555  0.0584
-0.20 0.8589 0.0442 0.0784 -0.20 0.8297 0.0812 0.0756 -0.20 0.8522 0.0432 0.0777
-0.10 1.0375 0.0476 0.0947 -0.10 0.9658 0.0880 0.0880 -0.10 1.0213 0.0465 0.0932
0.00 1.0565 0.0490 0.0964 0.00 1.1242 0.0910 0.1025 0.00 1.0717 0.0479  0.0978
0.10 1.2753 0.0498 0.1164 0.10 1.1245 0.0781 0.1025 0.10 1.2318 0.0470 0.1124
0.20 1.5142 0.0645 0.1382 0.20 1.6170 0.1277  0.1474 0.20 1.5351 0.0637  0.1400
0.30 1.5202 0.0483 0.1387 0.30 1.2956 0.0707 0.1181 0.30 1.4487 0.0448 0.1321
0.40 1.6127 0.0492 0.1471 0.40 1.6808 0.0872  0.1532 0.40 1.6291 0.0477  0.1486
0.50 1.8523 0.0567  0.1690 0.50 1.8109 0.0927 0.1650 0.50 1.8410 0.0540 0.1679
0.60 2.0952 0.0629 0.1912 0.60 2.1622 0.1084 0.1970 0.60 2.1120 0.0606 0.1926
0.70 2.1168 0.0840 0.1931 0.70 2.2984 0.1616  0.2095 0.70 2.1554 0.0827  0.1966
0.80 2.4655 0.0855  0.2250 0.80 2.4655 0.1037  0.2250
0.89 2.1970 0.1618  0.2005 0.89 2.1970 0.1961 0.2005
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1.750 GeV < /s < 1.760 GeV
-0.40 0.6587 0.1023  0.0602 -0.40 0.7719 0.1211 0.0704 -0.40 0.7059 0.0883  0.0644
-0.30 0.7350 0.0625 0.0671 -0.30 0.6588 0.0821 0.0601 -0.30 0.7071 0.0560 0.0645
-0.20 0.8957 0.0740 0.0818 -0.20 0.9071 0.0867  0.0827 -0.20 0.9005 0.0636  0.0822
-0.10 0.9550 0.0918 0.0871 -0.10 0.9550 0.1112  0.0871
0.00 0.9115 0.0798  0.0832 0.00 0.9115 0.0967 0.0832
0.10 1.2568 0.3492 0.1148 0.10 1.1654 0.0830 0.1063 0.10 1.1703 0.0857  0.1068
0.20 1.4513 0.0668  0.1325 0.20 1.2847 0.1150 0.1172 0.20 1.4092 0.0644  0.1287
0.30 1.4828 0.0472 0.1354 0.30 1.4428 0.0770 0.1316 0.30 1.4719 0.0450 0.1344
0.40 1.5652 0.0509 0.1429 0.40 1.5698 0.0823 0.1432 0.40 1.5665 0.0484 0.1430
0.50 1.9947 0.0585  0.1822 0.50 1.8549 0.0940 0.1692 0.50 1.9557 0.0556  0.1786
0.60 2.1624 0.1125 0.1975 0.60 1.8248 0.0999 0.1665 0.60 1.9737 0.0845 0.1801
0.70 2.0467 0.0630 0.1869 0.70 2.3026 0.1635 0.2101 0.70 2.0798 0.0641 0.1899
0.80 2.3407 0.0877 0.2138 0.80 2.3407 0.1062 0.2138
0.89 2.1616 0.1640 0.1974 0.89 2.1616 0.1988 0.1974
1.760 GeV < /s < 1.770 GeV
-0.50 0.5303 0.1385  0.0485 -0.49 0.7941 0.2468 0.0725 -0.50 0.5935 0.1345 0.0542
-0.40 0.6455 0.1080  0.0590 -0.40 0.6110 0.0920 0.0558 -0.40 0.6255 0.0791 0.0571
-0.30 0.7096 0.0709  0.0648 -0.30 0.7096 0.0859  0.0648
-0.20 0.7705 0.0684 0.0704 -0.20 0.7705 0.0829 0.0704
-0.10 0.8716 0.0729  0.0796 -0.10 0.8716 0.0883  0.0796
0.00 1.0281 0.0454 0.0940 0.00 0.8498 0.0683 0.0776 0.00 0.9736 0.0424 0.0890
0.10 1.1464 0.0431 0.1048 0.10 1.1595 0.0716  0.1059 0.10 1.1499 0.0412 0.1051
0.20 1.4645 0.0617 0.1339 0.20 1.2385 0.0924 0.1131 0.20 1.3947 0.0576  0.1275
0.30 1.5579 0.0468 0.1424 0.30 1.3318 0.0633 0.1216 0.30 1.4779 0.0424  0.1350
0.40 1.5920 0.0484 0.1455 0.40 1.3344 0.0634 0.1219 0.40 1.4972 0.0433 0.1368
0.50 1.7802 0.0519  0.1627 0.50 1.5208 0.0739  0.1389 0.50 1.6946 0.0477  0.1549
0.60 1.9950 0.0585  0.1824 0.60 2.0074 0.0913 0.1833 0.60 1.9986 0.0552  0.1827
0.70 1.9887 0.0724 0.1818 0.70 2.0030 0.1208 0.1829 0.70 1.9925 0.0694 0.1821
0.80 2.3117 0.0770 0.2113 0.80 2.3117 0.0933 0.2113
0.89 2.6519 0.2287 0.2424 0.89 2.6519 0.2772 0.2424
1.770 GeV < /s < 1.780 GeV
-0.50 0.6856 0.0798  0.0627 -0.50 0.4251 0.1102 0.0389 -0.50 0.5959 0.0727  0.0545
-0.40 0.7162 0.0659 0.0655 -0.40 0.5842 0.0859 0.0534 -0.40 0.6672 0.0589 0.0610
-0.30 0.8006 0.0388 0.0733 -0.30 0.6652 0.0695  0.0608 -0.30 0.7684 0.0377  0.0703
-0.20 0.8495 0.0363 0.0777 -0.20 0.8811 0.0695  0.0805 -0.20 0.8562 0.0357 0.0783
-0.10 1.0617 0.0462  0.0972 -0.10 0.9372 0.0761 0.0857 -0.10 1.0281 0.0441 0.0941
0.00 1.0050 0.0445  0.0920 0.00 0.9895 0.0720 0.0904 0.00 1.0007 0.0423 0.0915
0.10 1.3075 0.0498 0.1196 0.10 1.0730 0.0697  0.0981 0.10 1.2283 0.0455 0.1124
0.20 1.4291 0.0581 0.1308 0.20 1.4896 0.1001 0.1362 0.20 1.4443 0.0560 0.1321
0.30 1.4977 0.0445 0.1371 0.30 1.5575 0.0678  0.1424 0.30 1.5157 0.0417  0.1387
0.40 1.6869 0.1084 0.1544 0.40 1.5291 0.0700 0.1398 0.40 1.5756 0.0659 0.1441
0.50 1.6210 0.0765 0.1482 0.50 1.6210 0.0927 0.1482
0.60 1.9207 0.1284  0.1758 0.60 1.9054 0.0832 0.1742 0.60 1.9099 0.0783  0.1746
0.70 1.9960 0.2650 0.1827 0.70 2.1261 0.1233  0.1943 0.70 2.1030 0.1232  0.1923
0.80 2.1105 0.0860 0.1931 0.80 2.1105 0.1042 0.1931
1.780 GeV < /5 < 1.790 GeV
-0.50 0.4646 0.1016 0.0425 -0.50 0.4646 0.1231 0.0425
-0.40 0.6781 0.1476  0.0621 -0.40 0.5969 0.0829  0.0546 -0.40 0.6164 0.0804 0.0564
-0.30 0.7366 0.2127 0.0675 -0.30 0.7398 0.0693  0.0677 -0.30 0.7395 0.0711 0.0677
-0.20 0.8617 0.0374  0.0789 -0.20 0.7610 0.0603  0.0696 -0.20 0.8337 0.0356  0.0763
-0.10 1.0474 0.0546  0.0959 -0.10 0.9319 0.0725 0.0853 -0.10 1.0056 0.0491 0.0921
0.00 1.0630 0.0454 0.0974 0.00 1.1395 0.0715  0.1043 0.00 1.0850 0.0429  0.0994
0.10 1.3540 0.0512  0.1240 0.10 1.2418 0.0710 0.1136 0.10 1.3156 0.0467  0.1205
0.20 1.4889 0.0623 0.1364 0.20 1.3602 0.0894 0.1244 0.20 1.4467 0.0574 0.1325
0.30 1.3553 0.0710 0.1241 0.30 1.2607 0.0567 0.1153 0.30 1.2975 0.0500 0.1188
0.40 1.4704 0.0642 0.1345 0.40 1.4704 0.0778 0.1345
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0.50 1.7372 0.0566  0.1591 0.50 1.7857 0.0792 0.1634 0.50 1.7536 0.0518  0.1606
0.60 1.8364 0.0549  0.1682 0.60 1.7602 0.0759 0.1611 0.60 1.8102 0.0501  0.1657
0.70 2.0345 0.0627  0.1864 0.70 2.0987 0.1166  0.1920 0.70 2.0489 0.0613  0.1876
0.80 2.0585 0.0724  0.1886 0.80 2.0585 0.0877  0.1886
1.790 GeV < /s < 1.800 GeV
-0.60 0.6201 0.1637  0.0569 -0.60 0.6201 0.1985  0.0569
-0.50 0.7356 0.0510 0.0674 -0.50 0.5503 0.0995 0.0504 -0.50 0.6970 0.0503  0.0639
-0.40 0.7203 0.0392  0.0660 -0.40 0.7257 0.0926  0.0665 -0.40 0.7211 0.0395  0.0661
-0.30 0.7773 0.0386  0.0713 -0.30 0.6730 0.0664 0.0616 -0.30 0.7510 0.0372  0.0688
-0.20 0.8994 0.0386  0.0825 -0.20 0.8451 0.0647 0.0774 -0.20 0.8851 0.0370  0.0811
-0.10 1.0538 0.0461  0.0966 -0.10 0.9557 0.0728  0.0875 -0.10 1.0258 0.0436  0.0940
0.00 1.0912 0.0730  0.1001 0.00 1.0622 0.0717  0.0973 0.00 1.0765 0.0579  0.0986
0.10 1.2630 0.2400 0.1158 0.10 1.3070 0.0761  0.1197 0.10 1.3030 0.0781 0.1193
0.20 1.4314 0.3445 0.1312 0.20 1.3002 0.0888 0.1191 0.20 1.3084 0.0916 0.1198
0.30 1.4652 0.0561  0.1344 0.30 1.4408 0.0635  0.1320 0.30 1.4545 0.0475 0.1333
0.40 1.6498 0.0740 0.1513 0.40 1.5617 0.0696  0.1430 0.40 1.6030 0.0573  0.1469
0.50 1.8276 0.0541  0.1676 0.50 1.5839 0.0735  0.1451 0.50 1.7418 0.0491  0.1596
0.60 2.0042 0.0523  0.1838 0.60 1.9753 0.0827  0.1809 0.60 1.9960 0.0494  0.1830
0.70 1.9732 0.1087  0.1807 0.70 1.9732 0.1317  0.1807
1.800 GeV < /5 < 1.810 GeV
-0.60 0.6596 0.1436  0.0605 -0.60 0.6596 0.1740  0.0605
-0.50 0.6498 0.1485  0.0596 -0.50 0.7215 0.1262  0.0662 -0.50 0.6915 0.1086  0.0634
-0.40 0.7836 0.1638 0.0719 -0.40 0.7097 0.0807  0.0651 -0.40 0.7241 0.0800 0.0664
-0.30 0.7594 0.0495 0.0697 -0.30 0.6682 0.0635 0.0613 -0.30 0.7249 0.0440 0.0665
-0.20 0.8882 0.0366  0.0815 -0.20 0.8172 0.0593  0.0749 -0.20 0.8686 0.0348  0.0797
-0.10 1.0275 0.0420 0.0943 -0.10 0.9189 0.0650 0.0842 -0.10 0.9955 0.0395 0.0913
0.00 1.0711 0.0423  0.0983 0.00 1.1731 0.0695  0.1075 0.00 1.0987 0.0404  0.1008
0.10 1.3071 0.0473  0.1200 0.10 1.1626 0.0661  0.1066 0.10 1.2582 0.0432 0.1154
0.20 1.3478 0.1979  0.1237 0.20 1.4166 0.0877  0.1299 0.20 1.4053 0.0881  0.1289
0.30 1.4184 0.0617  0.1302 0.30 1.3761 0.0580 0.1262 0.30 1.3960 0.0478  0.1280
0.40 1.6507 0.0482 0.1515 0.40 1.5231 0.0663  0.1396 0.40 1.6065 0.0439 0.1474
0.50 1.7015 0.0485  0.1562 0.50 1.6336 0.0693  0.1498 0.50 1.6792 0.0447  0.1541
0.60 1.8813 0.0477  0.1727 0.60 1.9172 0.0759  0.1758 0.60 1.8914 0.0452 0.1735
0.70 1.9582 0.0534  0.1797 0.70 2.4556 0.1202  0.2251 0.70 2.0401 0.0536  0.1872
0.80 2.1650 0.0718  0.1987 0.80 2.1650 0.0870  0.1987
0.89 2.4429 0.1694  0.2242 0.89 2.4429 0.2053  0.2242
1.810 GeV < /5 < 1.820 GeV
-0.70 0.5240 0.2007  0.0481 -0.70 0.5240 0.2432  0.0481
-0.60 0.6529 0.0899  0.0600 -0.58 0.5884 0.2018  0.0540 -0.60 0.6422 0.0903  0.0590
-0.50 0.6459 0.0616  0.0593 -0.50 0.8234 0.1283  0.0756 -0.50 0.6791 0.0613  0.0624
-0.40 0.7668 0.0398 0.0705 -0.40 0.7831 0.0967 0.0719 -0.40 0.7692 0.0402  0.0707
-0.30 0.7967 0.0379  0.0732 -0.30 0.7059 0.0715  0.0648 -0.30 0.7768 0.0371  0.0714
-0.20 0.9088 0.0388  0.0835 -0.20 0.9151 0.0687  0.0840 -0.20 0.9103 0.0376  0.0836
-0.10 1.0811 0.0478  0.0993 -0.10 1.0363 0.0757  0.0951 -0.10 1.0684 0.0452  0.0981
0.00 1.1203 0.0474  0.1029 0.00 1.1620 0.0749  0.1066 0.00 1.1322 0.0449  0.1040
0.10 1.3799 0.0563  0.1268 0.10 1.4113 0.0871  0.1295 0.10 1.3891 0.0529 0.1276
0.20 1.4754 0.0707  0.1356 0.20 1.4414 0.0910 0.1323 0.20 1.4626 0.0630 0.1343
0.30 1.4744 0.0457  0.1355 0.30 1.4188 0.0631  0.1302 0.30 1.4553 0.0417  0.1337
0.40 1.7098 0.0529 0.1571 0.40 1.6560 0.0754  0.1520 0.40 1.6920 0.0487  0.1554
0.50 1.8772 0.0564 0.1725 0.50 1.6737 0.0763  0.1536 0.50 1.8054 0.0510 0.1658
0.60 2.0040 0.0585 0.1841 0.60 1.9949 0.0850 0.1831 0.60 2.0011 0.0541  0.1838
0.70 2.1261 0.0594  0.1953 0.70 2.0457 0.1162  0.1877 0.70 2.1094 0.0586  0.1938
0.80 2.1420 0.0791  0.1968 0.80 2.1420 0.0959  0.1968
0.89 2.2361 0.1392  0.2054 0.89 2.2361 0.1688  0.2054

1.820 GeV < /s < 1.830 GeV
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-0.70 0.5002 0.1656 0.0460 -0.70 0.5002 0.2007 0.0460
-0.60 0.6225 0.0717  0.0572 -0.58 0.6473 0.1815  0.0595 -0.60 0.6258 0.0728 0.0575
-0.50 0.7430 0.0414  0.0683 -0.50 0.7349 0.1035 0.0675 -0.50 0.7419 0.0420 0.0682
-0.40 0.7035 0.0345 0.0647 -0.40 0.6362 0.0698  0.0584 -0.40 0.6903 0.0342 0.0635
-0.30 0.7271 0.0468 0.0669 -0.30 0.6983 0.0605 0.0642 -0.30 0.7163 0.0418 0.0659
-0.20 0.8869 0.0343 0.0816 -0.20 0.8015 0.0552  0.0736 -0.20 0.8631 0.0326  0.0794
-0.10 1.0953 0.0454  0.1007 -0.10 0.8510 0.0578  0.0782 -0.10 1.0019 0.0403 0.0921
0.00 1.1017 0.0421 0.1013 0.00 1.1220 0.0649 0.1031 0.00 1.1077 0.0396 0.1018
0.10 1.2552 0.0466 0.1154 0.10 1.2063 0.0680 0.1108 0.10 1.2396 0.0432 0.1140
0.20 1.2792 0.0476  0.1177 0.20 1.3914 0.0779  0.1278 0.20 1.3097 0.0454  0.1204
0.30 1.5418 0.0437 0.1418 0.30 1.3076 0.0535 0.1201 0.30 1.4483 0.0382 0.1331
0.40 1.5008 0.0449 0.1380 0.40 1.7180 0.0681 0.1578 0.40 1.5665 0.0420 0.1440
0.50 1.7261 0.0467  0.1588 0.50 1.5993 0.0633  0.1469 0.50 1.6814 0.0423  0.1546
0.60 1.8484 0.0448 0.1700 0.60 1.7187 0.0654 0.1579 0.60 1.8070 0.0415 0.1661
0.70 2.0333 0.0527  0.1870 0.70 2.3162 0.1065 0.2128 0.70 2.0889 0.0522  0.1921
0.80 2.1664 0.0743  0.1992 0.80 2.1664 0.0900 0.1992
0.89 2.3115 0.1504 0.2126 0.89 2.3115 0.1823 0.2126
1.830 GeV < /s < 1.840 GeV
-0.60 0.6004 0.1563  0.0552 -0.60 0.6004 0.1895  0.0552
-0.50 0.7895 0.1625 0.0727 -0.50 0.7344 0.1035  0.0675 -0.50 0.7503 0.0978  0.0690
-0.40 0.7132 0.0464 0.0657 -0.40 0.7919 0.0746  0.0728 -0.40 0.7351 0.0441 0.0677
-0.30 0.7672 0.0356 0.0706 -0.30 0.7428 0.0608 0.0683 -0.30 0.7610 0.0342 0.0700
-0.20 0.8608 0.0345 0.0792 -0.20 0.8159 0.0528  0.0750 -0.20 0.8473 0.0324  0.0780
-0.10 0.9734 0.0432  0.0896 -0.10 1.0804 0.0650  0.0994 -0.10 1.0062 0.0404  0.0926
0.00 1.1197 0.0445 0.1031 0.00 1.0646 0.0589  0.0979 0.00 1.0997 0.0400 0.1012
0.10 1.4023 0.0519 0.1291 0.10 1.3112 0.0707 0.1206 0.10 1.3704 0.0471 0.1261
0.20 1.4297 0.0500 0.1316 0.20 1.3570 0.0708 0.1248 0.20 1.4055 0.0459  0.1293
0.30 1.4674 0.0420 0.1351 0.30 1.4172 0.0531 0.1303 0.30 1.4481 0.0372 0.1333
0.40 1.6008 0.0467 0.1474 0.40 1.4741 0.0596 0.1356 0.40 1.5526 0.0415 0.1429
0.50 1.6802 0.0510 0.1547 0.50 1.6439 0.0630 0.1512 0.50 1.6658 0.0447 0.1533
0.60 1.8553 0.0461 0.1708 0.60 1.6831 0.0630 0.1548 0.60 1.7952 0.0419 0.1652
0.70 2.0551 0.0515  0.1892 0.70 2.0266 0.0928  0.1864 0.70 2.0484 0.0501 0.1885
0.80 2.2582 0.0684  0.2079 0.80 2.2582 0.0828  0.2079
1.840 GeV < /s < 1.850 GeV
-0.70 0.6219 0.0634 0.0573 -0.70 0.6219 0.0769  0.0573
-0.60 0.6436 0.0470 0.0593 -0.59 0.5851 0.1349 0.0539 -0.60 0.6373 0.0481 0.0587
-0.50 0.6914 0.0383  0.0637 -0.50 0.7805 0.0985 0.0718 -0.50 0.7031 0.0389  0.0648
-0.40 0.7599 0.0366  0.0700 -0.40 0.6923 0.0659  0.0637 -0.40 0.7440 0.0356  0.0685
-0.30 0.7849 0.0332  0.0723 -0.30 0.7612 0.0577  0.0701 -0.30 0.7790 0.0321 0.0718
-0.20 0.8500 0.0323 0.0783 -0.20 0.9189 0.0534  0.0846 -0.20 0.8684 0.0308 0.0800
-0.10 1.0869 0.0410 0.1002 -0.10 0.9101 0.0552 0.0838 -0.10 1.0240 0.0371 0.0943
0.00 1.0811 0.0393  0.0996 0.00 1.1482 0.0596  0.1057 0.00 1.1014 0.0368 0.1015
0.10 1.3037 0.0466  0.1201 0.10 1.3266 0.0687 0.1221 0.10 1.3109 0.0433  0.1208
0.20 1.3285 0.0448 0.1224 0.20 1.4130 0.0703 0.1301 0.20 1.3529 0.0423 0.1246
0.30 1.5221 0.0421 0.1403 0.30 1.4696 0.0531 0.1353 0.30 1.5018 0.0372 0.1383
0.40 1.5266 0.0441 0.1407 0.40 1.4975 0.0590 0.1379 0.40 1.5162 0.0398 0.1397
0.50 1.7517 0.0465 0.1614 0.50 1.6702 0.0612  0.1537 0.50 1.7219 0.0417  0.1586
0.60 1.7057 0.0413  0.1572 0.60 1.7648 0.0633  0.1625 0.60 1.7233 0.0388  0.1588
0.70 1.8536 0.0465 0.1708 0.70 2.0711 0.0924  0.1907 0.70 1.8975 0.0459 0.1748
0.80 2.0008 0.0601 0.1844 0.80 2.0008 0.0728 0.1844
0.89 1.7865 0.1031 0.1646 0.89 1.7865 0.1250 0.1646
1.850 GeV < /s < 1.860 GeV
-0.60 0.6931 0.0421 0.0639 -0.60 0.7000 0.1585  0.0645 -0.60 0.6936 0.0434  0.0640
-0.50 0.7005 0.0397 0.0646 -0.50 0.6690 0.0926 0.0616 -0.50 0.6956 0.0400 0.0642
-0.40 0.7296 0.0328 0.0673 -0.40 0.7325 0.0685 0.0675 -0.40 0.7301 0.0326 0.0673
-0.30 0.8299 0.0329 0.0766 -0.30 0.7696 0.0562  0.0709 -0.30 0.8145 0.0317 0.0751
-0.20 0.9121 0.0355 0.0841 -0.20 0.8546 0.0508 0.0787 -0.20 0.8932 0.0327 0.0824
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-0.10 1.0182 0.0558  0.0939 -0.10 1.0002 0.0578  0.0922 -0.10 1.0095 0.0454  0.0931
0.00 1.1339 0.0912  0.1046 0.00 1.1394 0.0595  0.1050 0.00 1.1377 0.0559  0.1049
0.10 1.3201 0.0518  0.1218 0.10 1.2264 0.0670  0.1130 0.10 1.2851 0.0462  0.1185
0.20 1.4592 0.0495 0.1346 0.20 1.2225 0.0642 0.1127 0.20 1.3710 0.0442 0.1264
0.30 1.4412 0.0402  0.1330 0.30 1.4289 0.0523  0.1317 0.30 1.4366 0.0359  0.1325
0.40 1.6196 0.0528 0.1494 0.40 1.6013 0.0622  0.1476 0.40 1.6120 0.0455  0.1486
0.50 1.7342 0.0534  0.1600 0.50 1.7179 0.0621 0.1583 0.50 1.7273 0.0457  0.1593
0.60 1.9351 0.0536  0.1785 0.60 1.7488 0.0633 0.1612 0.60 1.8573 0.0462 0.1713
0.70 1.9824 0.0503  0.1829 0.70 2.0470 0.0918 0.1886 0.70 1.9973 0.0491  0.1842
0.80 1.9568 0.0612  0.1805 0.80 1.9568 0.0742  0.1805
1.860 GeV < /5 < 1.870 GeV
-0.70 0.6184 0.0468  0.0571 -0.70 0.6184 0.0568  0.0571
-0.60 0.7222 0.0406  0.0667 -0.60 0.5889 0.1194 0.0543 -0.60 0.7084 0.0416  0.0654
-0.50 0.7642 0.0388  0.0706 -0.50 0.7220 0.0921  0.0666 -0.50 0.7578 0.0392  0.0700
-0.40 0.8090 0.0373  0.0747 -0.40 0.6906 0.0651  0.0637 -0.40 0.7797 0.0361  0.0720
-0.30 0.8049 0.0347 0.0743 -0.30 0.7439 0.0551  0.0686 -0.30 0.7875 0.0329 0.0727
-0.20 0.8884 0.0343  0.0820 -0.20 0.9199 0.0518  0.0849 -0.20 0.8980 0.0321  0.0829
-0.10 1.0588 0.0409 0.0978 -0.10 1.0350 0.0580  0.0955 -0.10 1.0509 0.0376  0.0970
0.00 1.1535 0.0425  0.1065 0.00 1.2254 0.0612 0.1130 0.00 1.1769 0.0392  0.1086
0.10 1.4493 0.0533  0.1338 0.10 1.3232 0.0719  0.1221 0.10 1.4046 0.0482  0.1297
0.20 1.4498 0.0457  0.1339 0.20 1.3124 0.0609 0.1211 0.20 1.4002 0.0412  0.1293
0.30 1.4407 0.0398  0.1330 0.30 1.2932 0.0477  0.1193 0.30 1.3801 0.0345 0.1274
0.40 1.6411 0.0467 0.1516 0.40 1.5096 0.0591  0.1393 0.40 1.5906 0.0413  0.1468
0.50 1.7004 0.0449 0.1570 0.50 1.6315 0.0594  0.1505 0.50 1.6753 0.0404  0.1547
0.60 1.7800 0.0426  0.1644 0.60 1.8352 0.0630 0.1693 0.60 1.7973 0.0396  0.1659
0.70 1.9193 0.0489 0.1772 0.70 2.1115 0.0898  0.1948 0.70 1.9633 0.0478 0.1813
0.80 1.9899 0.0632  0.1838 0.80 1.9899 0.0767  0.1838
0.89 1.9558 0.1140 0.1806 0.89 1.9558 0.1382  0.1806
1.870 GeV < /5 < 1.880 GeV
-0.80 0.6845 0.1387  0.0633 -0.80 0.6845 0.1681  0.0633
-0.70 0.7589 0.1972  0.0702 -0.70 0.7589 0.2390  0.0702
-0.60 0.8270 0.0830 0.0764 -0.60 0.7182 0.1241  0.0663 -0.60 0.7933 0.0774  0.0733
-0.50 0.8897 0.0524  0.0822 -0.50 0.8222 0.0950 0.0759 -0.50 0.8740 0.0510  0.0808
-0.40 0.7903 0.0598 0.0731 -0.40 0.7783 0.0680 0.0719 -0.40 0.7850 0.0508  0.0725
-0.30 0.8657 0.0384  0.0800 -0.30 0.8875 0.0582  0.0820 -0.30 0.8724 0.0360  0.0806
-0.20 0.9307 0.0353  0.0860 -0.20 0.7994 0.0483 0.0738 -0.20 0.8851 0.0321  0.0818
-0.10 1.0957 0.0417 0.1013 -0.10 1.0912 0.0601  0.1008 -0.10 1.0942 0.0385 0.1011
0.00 1.1737 0.0439 0.1085 0.00 1.1993 0.0575 0.1107 0.00 1.1831 0.0393  0.1093
0.10 1.5063 0.0567  0.1393 0.10 1.3525 0.0729  0.1249 0.10 1.4483 0.0505 0.1338
0.20 1.4283 0.0460  0.1320 0.20 1.3867 0.0621 0.1281 0.20 1.4136 0.0416  0.1306
0.30 1.4821 0.0484  0.1370 0.30 1.3395 0.0494  0.1237 0.30 1.4123 0.0391  0.1305
0.40 1.6163 0.0457  0.1494 0.40 1.5258 0.0591  0.1409 0.40 1.5824 0.0408  0.1462
0.50 1.6803 0.0455  0.1553 0.50 1.6898 0.0601  0.1560 0.50 1.6837 0.0409  0.1556
0.60 1.8577 0.0447  0.1717 0.60 1.7239 0.0614  0.1592 0.60 1.8114 0.0407 0.1674
0.70 1.8401 0.0461 0.1701 0.70 2.0181 0.0856  0.1864 0.70 1.8802 0.0451 0.1738
0.80 2.0079 0.0608  0.1856 0.80 2.0079 0.0737  0.1856
0.89 2.3466 0.1317  0.2169 0.89 2.3466 0.1596  0.2169
1.880 GeV < /5 < 1.890 GeV
-0.70 0.7140 0.0544  0.0661 -0.70 0.7140 0.0659  0.0661
-0.60 0.7530 0.0482  0.0697 -0.60 0.7059 0.1237  0.0653 -0.60 0.7468 0.0490 0.0691
-0.50 0.8340 0.0677  0.0772 -0.50 0.8046 0.0927 0.0744 -0.50 0.8237 0.0615  0.0762
-0.40 0.7886 0.0332  0.0730 -0.40 0.8457 0.0689  0.0782 -0.40 0.7994 0.0331 0.0740
-0.30 0.7964 0.0313  0.0737 -0.30 0.7869 0.0534  0.0727 -0.30 0.7940 0.0301  0.0735
-0.20 0.9562 0.0348 0.0885 -0.20 0.9205 0.0506  0.0851 -0.20 0.9448 0.0322 0.0874
-0.10 1.1047 0.0411  0.1022 -0.10 1.0800 0.0597  0.0998 -0.10 1.0968 0.0380 0.1015
0.00 1.0720 0.0394  0.0992 0.00 1.0155 0.0519  0.0939 0.00 1.0514 0.0354 0.0973
0.10 1.3512 0.0524  0.1250 0.10 1.4330 0.0798  0.1325 0.10 1.3758 0.0491 0.1273
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0.20 1.2701 0.0397 0.1175 0.20 1.2108 0.0531 0.1119 0.20 1.2488 0.0358 0.1155
0.30 1.4681 0.0407 0.1359 0.30 1.3111 0.0489 0.1212 0.30 1.4038 0.0353 0.1299
0.40 1.5182 0.0443  0.1405 0.40 1.5448 0.0587  0.1428 0.40 1.5278 0.0398 0.1413
0.50 1.6654 0.0796  0.1541 0.50 1.4604 0.0535 0.1350 0.50 1.5242 0.0498 0.1409
0.60 1.7040 0.1046  0.1577 0.60 1.7190 0.0603  0.1589 0.60 1.7152 0.0582  0.1586
0.70 1.8800 0.0509 0.1740 0.70 1.7976 0.0781 0.1662 0.70 1.8554 0.0478 0.1716
0.80 1.9094 0.0572 0.1767 0.80 1.9094 0.0693 0.1767
0.89 2.2606 0.1391 0.2092 0.89 2.2606 0.1686  0.2092
1.890 GeV < /s < 1.900 GeV
-0.80 0.8266 0.1020 0.0766 -0.80 0.8266 0.1236  0.0766
-0.70 0.7811 0.0562 0.0724 -0.70 0.7811 0.0681 0.0724
-0.60 0.8206 0.0484 0.0760 -0.60 0.9612 0.1398 0.0889 -0.60 0.8356 0.0495 0.0774
-0.50 0.8814 0.0415  0.0817 -0.50 0.8604 0.0927  0.0796 -0.50 0.8779 0.0416  0.0813
-0.40 0.8479 0.0344 0.0786 -0.40 0.9140 0.0695 0.0846 -0.40 0.8609 0.0341 0.0797
-0.30 0.9149 0.0356  0.0848 -0.30 0.9106 0.0573  0.0843 -0.30 0.9137 0.0339  0.0846
-0.20 0.8889 0.0318 0.0824 -0.20 0.9304 0.0504 0.0861 -0.20 0.9008 0.0301 0.0834
-0.10 1.0279 0.0400  0.0952 -0.10 1.0255 0.0565  0.0949 -0.10 1.0271 0.0367  0.0951
0.00 1.1501 0.0426  0.1065 0.00 1.0353 0.0509  0.0958 0.00 1.1029 0.0369 0.1021
0.10 1.2618 0.0490 0.1169 0.10 1.3224 0.0744 0.1224 0.10 1.2802 0.0459 0.1186
0.20 1.2669 0.0407 0.1174 0.20 1.2071 0.0512 0.1117 0.20 1.2438 0.0360 0.1152
0.30 1.4309 0.0419 0.1326 0.30 1.2725 0.0460 0.1178 0.30 1.3591 0.0350 0.1258
0.40 1.5105 0.0855  0.1399 0.40 1.4361 0.0552  0.1329 0.40 1.4580 0.0520 0.1350
0.50 1.6583 0.1084 0.1536 0.50 1.5890 0.0552 0.1470 0.50 1.6033 0.0545 0.1484
0.60 1.7765 0.0443  0.1646 0.60 1.7211 0.0604 0.1593 0.60 1.7572 0.0402 0.1627
0.70 1.9063 0.0474 0.1766 0.70 1.8531 0.0773 0.1715 0.70 1.8918 0.0452 0.1752
0.80 2.0359 0.0605 0.1886 0.80 2.0359 0.0733  0.1886
0.89 2.1314 0.1373  0.1975 0.89 2.1314 0.1664 0.1975
1.900 GeV < /s < 1.910 GeV
-0.80 0.7117 0.0864  0.0660 -0.80 0.7117 0.1048 0.0660
-0.70 0.7143 0.0647 0.0662 -0.70 0.7143 0.0785  0.0662
-0.50 0.8192 0.0578  0.0760 -0.50 0.6953 0.0835  0.0644 -0.50 0.7791 0.0534  0.0722
-0.40 0.7335 0.0371 0.0680 -0.40 0.7316 0.0602 0.0678 -0.40 0.7330 0.0353  0.0680
-0.30 0.7778 0.0306 0.0721 -0.30 0.6928 0.0483 0.0642 -0.30 0.7535 0.0289 0.0699
-0.20 0.8058 0.0303 0.0747 -0.20 0.7544 0.0436  0.0699 -0.20 0.7891 0.0280 0.0732
-0.10 0.9052 0.0374  0.0839 -0.10 0.8508 0.0504 0.0788 -0.10 0.8858 0.0338 0.0821
0.00 1.0327 0.0413  0.0958 0.00 0.9115 0.0461 0.0844 0.00 0.9788 0.0347  0.0907
0.10 1.1665 0.0487 0.1082 0.10 1.0911 0.0657 0.1011 0.10 1.1397 0.0441 0.1057
0.20 1.2125 0.0440 0.1124 0.20 1.1167 0.0469 0.1034 0.20 1.1677 0.0363  0.1082
0.30 1.4177 0.0864 0.1315 0.30 1.3265 0.0480 0.1229 0.30 1.3480 0.0467 0.1249
0.40 1.6186 0.0566 0.1501 0.40 1.3393 0.0535 0.1241 0.40 1.4710 0.0440 0.1363
0.50 1.6288 0.0426  0.1511 0.50 1.5883 0.0543 0.1471 0.50 1.6134 0.0378  0.1496
0.60 1.7503 0.0426 0.1623 0.60 1.6950 0.0569 0.1570 0.60 1.7304 0.0384 0.1604
0.70 1.8809 0.0446  0.1744 0.70 1.8201 0.0729  0.1686 0.70 1.8644 0.0425 0.1728
0.80 2.0789 0.0579  0.1928 0.80 2.0789 0.0701 0.1928
0.89 2.1933 0.1177  0.2034 0.89 2.1933 0.1427  0.2034
1.910 GeV < /s < 1.920 GeV
-0.80 0.7846 0.0747  0.0728 -0.80 0.7846 0.0905 0.0728
-0.70 0.6683 0.0425  0.0620 -0.70 0.6683 0.0515  0.0620
-0.60 0.7293 0.0392 0.0677 -0.60 1.0970 0.1614 0.1017 -0.60 0.7498 0.0405 0.0696
-0.50 0.6558 0.0329  0.0609 -0.50 0.8114 0.0841 0.0752 -0.50 0.6765 0.0334  0.0628
-0.40 0.7205 0.0299 0.0669 -0.40 0.6165 0.0523  0.0572 -0.40 0.6949 0.0289 0.0645
-0.30 0.7171 0.0283 0.0666 -0.30 0.6659 0.0438 0.0618 -0.30 0.7021 0.0266 0.0652
-0.20 0.7521 0.0279  0.0698 -0.20 0.7949 0.0420 0.0737 -0.20 0.7652 0.0261 0.0710
-0.10 0.8721 0.2771 0.0810 -0.10 0.8583 0.0464 0.0796 -0.10 0.8587 0.0478 0.0796
0.00 0.9098 0.3270  0.0845 0.00 1.0076 0.0465 0.0934 0.00 1.0056 0.0478  0.0933
0.10 1.1855 0.2668 0.1101 0.10 1.0736 0.0638  0.0996 0.10 1.0797 0.0659 0.1001
0.20 1.1599 0.0566  0.1077 0.20 1.1756 0.0438  0.1090 0.20 1.1697 0.0390 0.1085
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0.30 1.2757 0.0492 0.1184 0.30 1.2929 0.0428 0.1199 0.30 1.2855 0.0365 0.1193
0.40 1.4483 0.0454 0.1345 0.40 1.4647 0.0517 0.1358 0.40 1.4555 0.0386 0.1351
0.50 1.6971 0.0442 0.1576 0.50 1.5549 0.0500 0.1442 0.50 1.6348 0.0374  0.1517
0.60 1.7421 0.0397 0.1617 0.60 1.7463 0.0545 0.1619 0.60 1.7435 0.0361 0.1618
0.70 2.0771 0.0456  0.1928 0.70 1.8549 0.0692  0.1720 0.70 2.0098 0.0427  0.1865
0.80 2.0494 0.0551 0.1903 0.80 2.0494 0.0668 0.1903
0.89 2.5007 0.1285 0.2322 0.89 2.5007 0.1558 0.2322
1.920 GeV < /s < 1.930 GeV
-0.80 0.8945 0.0924 0.0831 -0.80 0.8945 0.1120 0.0831
-0.70 0.7452 0.0497  0.0693 -0.70 0.7452 0.0603  0.0693
-0.60 0.7054 0.0411 0.0656 -0.60 0.7874 0.1242 0.0731 -0.60 0.7135 0.0421 0.0663
-0.50 0.6335 0.0343 0.0589 -0.50 0.5830 0.0740 0.0541 -0.50 0.6246 0.0343 0.0580
-0.40 0.5925 0.0288 0.0551 -0.40 0.6798 0.0599  0.0631 -0.40 0.6089 0.0287  0.0566
-0.30 0.6985 0.0298 0.0649 -0.30 0.7082 0.0512  0.0657 -0.30 0.7010 0.0287 0.0651
-0.20 0.6924 0.0293  0.0643 -0.20 0.7427 0.0445  0.0689 -0.20 0.7076 0.0274  0.0657
-0.10 0.8350 0.0358 0.0776 -0.10 0.7743 0.0479 0.0719 -0.10 0.8132 0.0323 0.0755
0.00 0.9436 0.0367  0.0877 0.00 0.8812 0.0455  0.0818 0.00 0.9190 0.0322  0.0854
0.10 1.0090 0.0444  0.0938 0.10 1.0091 0.0636  0.0937 0.10 1.0090 0.0409 0.0937
0.20 1.1404 0.0368 0.1060 0.20 1.2123 0.0493 0.1125 0.20 1.1661 0.0332 0.1083
0.30 1.3598 0.0398 0.1264 0.30 1.3538 0.0494  0.1257 0.30 1.3574 0.0350 0.1261
0.40 1.4775 0.0449 0.1373 0.40 1.4088 0.0569  0.1308 0.40 1.4511 0.0398 0.1348
0.50 1.6508 0.0433 0.1534 0.50 1.4505 0.0531 0.1347 0.50 1.5708 0.0379  0.1459
0.60 1.8343 0.0437 0.1705 0.60 1.7831 0.0619 0.1655 0.60 1.8173 0.0401 0.1688
0.70 1.9277 0.0473  0.1791 0.70 1.9016 0.0760  0.1765 0.70 1.9204 0.0449 0.1784
0.80 2.0328 0.0590 0.1889 0.80 2.3616 0.1685 0.2192 0.80 2.0687 0.0604 0.1922
0.89 2.5109 0.1603  0.2333 0.88 2.6195 0.9649  0.2432 0.89 2.5138 0.1651 0.2336
1.930 GeV < /s < 1.940 GeV
-0.80 0.8019 0.0754  0.0746 -0.80 0.8019 0.0913 0.0746
-0.70 0.6809 0.0395 0.0633 -0.70 0.6809 0.0479  0.0633
-0.60 0.6592 0.0413 0.0613 -0.60 0.5890 0.0950 0.0547 -0.60 0.6481 0.0415  0.0603
-0.50 0.6755 0.0503  0.0628 -0.50 0.6856 0.0725  0.0637 -0.50 0.6788 0.0464  0.0631
-0.40 0.56351 0.0478  0.0497 -0.40 0.5351 0.0579  0.0497
-0.30 0.5328 0.0331 0.0496 -0.30 0.4908 0.0378 0.0456 -0.30 0.5145 0.0282 0.0478
-0.20 0.6875 0.0272  0.0640 -0.20 0.6214 0.0382  0.0577 -0.20 0.6652 0.0249 0.0619
-0.10 0.7918 0.0328 0.0737 -0.10 0.6874 0.0419 0.0639 -0.10 0.7521 0.0291 0.0699
0.00 0.8649 0.0323  0.0805 0.00 0.8539 0.0418 0.0794 0.00 0.8608 0.0288  0.0800
0.10 1.1095 0.0467 0.1032 0.10 1.0109 0.0609 0.0939 0.10 1.0730 0.0417  0.0998
0.20 1.1418 0.0333  0.1062 0.20 1.0053 0.0406  0.0934 0.20 1.0870 0.0291 0.1011
0.30 1.3014 0.0363 0.1211 0.30 1.2894 0.0446 0.1198 0.30 1.2966 0.0318  0.1206
0.40 1.4111 0.0409 0.1313 0.40 1.3475 0.0502 0.1252 0.40 1.3857 0.0358 0.1289
0.50 1.56322 0.0398 0.1425 0.50 1.4859 0.0507 0.1381 0.50 1.5145 0.0353  0.1408
0.60 1.7032 0.0404 0.1585 0.60 1.6676 0.0558  0.1550 0.60 1.6909 0.0368 0.1573
0.70 1.9984 0.0456  0.1859 0.70 1.9903 0.0730 0.1850 0.70 1.9961 0.0433 0.1856
0.80 1.9700 0.0529 0.1833 0.80 2.3349 0.1401 0.2170 0.80 2.0156 0.0539 0.1875
0.89 2.5274 0.1360 0.2351 0.88 2.6513 0.6586  0.2464 0.89 2.5325 0.1403  0.2356
1.940 GeV < /5 < 1.950 GeV
-0.80 0.9631 0.0921 0.0897 -0.80 0.9631 0.1117  0.0897
-0.70 0.6526 0.0617  0.0608 -0.68 1.1997 0.4445 0.1116 -0.70 0.6629 0.0634 0.0617
-0.60 0.6162 0.0376  0.0574 -0.60 0.6428 0.1141 0.0598 -0.60 0.6188 0.0386  0.0576
-0.50 0.6486 0.0439  0.0604 -0.50 0.6000 0.0742  0.0558 -0.50 0.6360 0.0421 0.0592
-0.40 0.5483 0.0317 0.0511 -0.40 0.5584 0.0521 0.0520 -0.40 0.5510 0.0302 0.0513
-0.30 0.5892 0.0356 0.0549 -0.30 0.5243 0.0418 0.0488 -0.30 0.5619 0.0306 0.0523
-0.20 0.5887 0.2269  0.0548 -0.20 0.6079 0.0394  0.0566 -0.20 0.6074 0.0406  0.0565
-0.10 0.7366 0.0340 0.0686 -0.10 0.6192 0.0424 0.0576 -0.10 0.6906 0.0299 0.0643
0.00 0.8699 0.0342 0.0810 0.00 0.8482 0.0442  0.0789 0.00 0.8618 0.0305 0.0802
0.10 1.0215 0.0461 0.0951 0.10 1.0822 0.0657  0.1007 0.10 1.0415 0.0424 0.0970
0.20 1.0641 0.0335 0.0991 0.20 1.0528 0.0436  0.0979 0.20 1.0599 0.0299  0.0987
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0.30 1.2892 0.0393 0.1201 0.30 1.2517 0.0467 0.1165 0.30 1.2736 0.0340 0.1186
0.40 1.5038 0.0479  0.1401 0.40 1.4342 0.0577 0.1334 0.40 1.4754 0.0416 0.1373
0.50 1.5152 0.0565  0.1411 0.50 1.5561 0.0550  0.1448 0.50 1.5362 0.0446  0.1430
0.60 1.8094 0.0443 0.1685 0.60 1.7483 0.0604 0.1626 0.60 1.7880 0.0402 0.1665
0.70 2.0350 0.0478  0.1895 0.70 2.0332 0.0792  0.1892 0.70 2.0345 0.0457 0.1894
0.80 2.0494 0.0583  0.1909 0.80 2.3081 0.1495 0.2147 0.80 2.0836 0.0592  0.1940
0.89 2.3353 0.1227  0.2175 0.88 3.0679 0.8395  0.2854 0.89 2.3507 0.1262  0.2189
1.960 GeV < /5 < 1.970 GeV
-0.90 1.0288 0.1823  0.0960 -0.90 1.0288 0.2210  0.0960
-0.80 0.8887 0.0981  0.0829 -0.80 0.8887 0.1189  0.0829
-0.69 0.7765 0.2282 0.0724 -0.69 0.7765 0.2766  0.0724
-0.60 0.6063 0.0664  0.0565 -0.60 0.6063 0.0805  0.0565
-0.50 0.4830 0.0431  0.0450 -0.50 0.4830 0.0522  0.0450
-0.40 0.4350 0.0164  0.0406 -0.40 0.5050 0.0314 0.0471 -0.40 0.4501 0.0161  0.0420
-0.30 0.4847 0.0164  0.0452 -0.30 0.4712 0.0245  0.0439 -0.30 0.4806 0.0153  0.0448
-0.20 0.5347 0.0170  0.0499 -0.20 0.5165 0.0225  0.0482 -0.20 0.5281 0.0153  0.0493
-0.10 0.6454 0.0206  0.0602 -0.10 0.5749 0.0252  0.0536 -0.10 0.6170 0.0180 0.0576
0.00 0.7633 0.0213  0.0712 0.00 0.7122 0.0255  0.0664 0.00 0.7423 0.0184  0.0693
0.10 0.9240 0.0290 0.0862 0.10 0.8899 0.0375  0.0830 0.10 0.9113 0.0259  0.0850
0.20 1.0013 0.0220  0.0935 0.20 0.9774 0.0264  0.0911 0.20 0.9915 0.0191  0.0925
0.30 1.2011 0.0250 0.1121 0.30 1.1890 0.0296 0.1109 0.30 1.1960 0.0216 0.1116
0.40 1.4115 0.0287  0.1317 0.40 1.3058 0.0332 0.1217 0.40 1.3663 0.0245  0.1275
0.50 1.4590 0.0277  0.1362 0.50 1.3900 0.0324  0.1296 0.50 1.4298 0.0238 0.1334
0.60 1.7443 0.0376  0.1628 0.60 1.6823 0.0374  0.1568 0.60 1.7131 0.0300  0.1598
0.70 1.8712 0.0316  0.1746 0.70 1.9978 0.0484 0.1863 0.70 1.9090 0.0296  0.1781
0.80 2.1873 0.0413  0.2042 0.80 2.3849 0.0887  0.2223 0.80 2.2226 0.0413  0.2074
0.89 2.1979 0.0892  0.2051 0.88 2.6916 0.4415  0.2509 0.89 2.2172 0.0921  0.2069
1.970 GeV < /5 < 1.980 GeV
-0.90 0.8382 0.1407  0.0783 -0.90 0.8382 0.1706  0.0783
-0.80 0.7838 0.0517  0.0732 -0.80 0.7838 0.0626  0.0732
-0.70 0.6688 0.0283  0.0625 -0.68 0.5913 0.1825  0.0552 -0.70 0.6670 0.0291  0.0623
-0.60 0.4999 0.0211  0.0467 -0.60 0.6193 0.0667  0.0578 -0.60 0.5108 0.0217  0.0477
-0.50 0.4131 0.0180 0.0386 -0.50 0.5171 0.0437  0.0483 -0.50 0.4282 0.0182  0.0400
-0.40 0.3632 0.0154  0.0339 -0.40 0.3999 0.0282  0.0373 -0.40 0.3717 0.0150 0.0347
-0.30 0.4207 0.0162  0.0393 -0.30 0.3524 0.0213  0.0329 -0.30 0.3958 0.0145 0.0370
-0.20 0.4981 0.0168  0.0465 -0.20 0.4080 0.0206  0.0381 -0.20 0.4621 0.0147  0.0432
-0.10 0.6105 0.0210  0.0570 -0.10 0.5666 0.0261  0.0529 -0.10 0.5933 0.0184 0.0554
0.00 0.6265 0.0195  0.0585 0.00 0.6142 0.0240 0.0573 0.00 0.6216 0.0171  0.0581
0.10 0.8597 0.0290 0.0803 0.10 0.8743 0.0383 0.0816 0.10 0.8650 0.0260  0.0808
0.20 0.9378 0.0212  0.0876 0.20 0.8602 0.0250  0.0803 0.20 0.9053 0.0183  0.0846
0.30 1.2069 0.0266  0.1128 0.30 1.1086 0.0288  0.1035 0.30 1.1616 0.0221  0.1085
0.40 1.2915 0.0281  0.1207 0.40 1.3135 0.0347  0.1226 0.40 1.3002 0.0246 0.1214
0.50 1.4471 0.0277  0.1352 0.50 1.3828 0.0331  0.1291 0.50 1.4207 0.0240 0.1327
0.60 1.6342 0.0288  0.1527 0.60 1.5632 0.0365  0.1459 0.60 1.6070 0.0255 0.1501
0.70 1.7870 0.0311  0.1670 0.70 1.8285 0.0463 0.1707 0.70 1.7999 0.0290 0.1681
0.80 1.9046 0.0377  0.1780 0.80 2.1159 0.0856  0.1975 0.80 1.9390 0.0379  0.1811
0.89 2.1593 0.0967  0.2018 0.89 2.3946 0.5428  0.2235 0.89 2.1665 0.0997  0.2024
1.980 GeV < /5 < 1.990 GeV
-0.90 0.6158 0.1080 0.0576 -0.90 0.6158 0.1309 0.0576
-0.80 0.9276 0.0643  0.0868 -0.80 0.9276 0.0779  0.0868
-0.70 0.5732 0.0289  0.0536 -0.70 0.5732 0.0350 0.0536
-0.60 0.4831 0.0208  0.0452 -0.60 0.4722 0.0548 0.0441 -0.60 0.4817 0.0211 0.0451
-0.50 0.3951 0.0188  0.0370 -0.50 0.4026 0.0380 0.0376 -0.50 0.3966 0.0186  0.0371
-0.40 0.3505 0.0332  0.0328 -0.40 0.3583 0.0260 0.0335 -0.40 0.3553 0.0231  0.0332
-0.30 0.3443 0.0137  0.0322 -0.30 0.3774 0.0219  0.0353 -0.30 0.3536 0.0130 0.0331
-0.20 0.4201 0.0151  0.0393 -0.20 0.4159 0.0205 0.0389 -0.20 0.4186 0.0137  0.0391
-0.10 0.5140 0.0186  0.0481 -0.10 0.4888 0.0235  0.0457 -0.10 0.5043 0.0165 0.0472




APPENDIX A. DATA TABLES 177
0.00 0.6684 0.0206  0.0625 0.00 0.6840 0.0255 0.0639 0.00 0.6745 0.0181  0.0631
0.10 0.8177 0.0272  0.0765 0.10 0.7874 0.0349 0.0736 0.10 0.8063 0.0242 0.0754
0.20 0.9167 0.0210  0.0857 0.20 0.9204 0.0260  0.0860 0.20 0.9182 0.0185  0.0858
0.30 1.1096 0.0244 0.1038 0.30 1.1110 0.0283 0.1038 0.30 1.1102 0.0209 0.1038
0.40 1.3049 0.0279  0.1221 0.40 1.1790 0.0311  0.1102 0.40 1.2488 0.0235 0.1168
0.50 1.5078 0.0289  0.1410 0.50 1.5295 0.0347  0.1429 0.50 1.5167 0.0251  0.1418
0.60 1.6877 0.0355  0.1579 0.60 1.5610 0.0353  0.1459 0.60 1.6239 0.0283 0.1518
0.70 1.8890 0.0319 0.1767 0.70 1.8157 0.0455 0.1697 0.70 1.8648 0.0294 0.1744
0.80 1.8322 0.0364 0.1714 0.80 2.0603 0.0787  0.1925 0.80 1.8724 0.0364 0.1751
0.89 1.8196 0.0707  0.1702 0.88 2.1393 0.3204  0.1999 0.89 1.8344 0.0730 0.1716
1.990 GeV < /s < 2.000 GeV
-0.90 0.7231 0.1920 0.0677 -0.90 0.7231 0.2327  0.0677
-0.80 0.7439 0.0500  0.0697 -0.80 0.7439 0.0605  0.0697
-0.70 0.5343 0.0259  0.0500 -0.67 0.4841 0.1566  0.0453 -0.70 0.5330 0.0267  0.0499
-0.60 0.4274 0.0210  0.0400 -0.60 0.5184 0.0608  0.0485 -0.60 0.4371 0.0215  0.0409
-0.50 0.3916 0.0222  0.0367 -0.50 0.4086 0.0411  0.0382 -0.50 0.3955 0.0217  0.0370
-0.40 0.3391 0.0595 0.0318 -0.40 0.2973 0.0255  0.0278 -0.40 0.3038 0.0257  0.0284
-0.30 0.3194 0.0142  0.0299 -0.30 0.3693 0.0232  0.0345 -0.30 0.3330 0.0135 0.0312
-0.20 0.3659 0.0146  0.0343 -0.20 0.3592 0.0199 0.0336 -0.20 0.3636 0.0132  0.0340
-0.10 0.5227 0.0204  0.0489 -0.10 0.4908 0.0246  0.0459 -0.10 0.5097 0.0178  0.0477
0.00 0.6607 0.0220 0.0619 0.00 0.5850 0.0247  0.0547 0.00 0.6273 0.0186  0.0587
0.10 0.8158 0.0284 0.0764 0.10 0.7523 0.0353  0.0704 0.10 0.7908 0.0250 0.0740
0.20 0.9102 0.0223  0.0852 0.20 0.8543 0.0263  0.0799 0.20 0.8868 0.0192  0.0830
0.30 1.1446 0.0262  0.1072 0.30 1.0519 0.0299  0.0984 0.30 1.1043 0.0223  0.1034
0.40 1.2822 0.0286  0.1201 0.40 1.1417 0.0321  0.1068 0.40 1.2200 0.0242 0.1142
0.50 1.4402 0.0288  0.1349 0.50 1.3775 0.0342  0.1288 0.50 1.4142 0.0249 0.1324
0.60 1.6217 0.0299  0.1519 0.60 1.5062 0.0371  0.1409 0.60 1.5763 0.0262  0.1475
0.70 1.8792 0.0332  0.1760 0.70 1.8019 0.0483 0.1686 0.70 1.8544 0.0308 0.1736
0.80 1.8408 0.0379  0.1724 0.80 2.0056 0.0798  0.1876 0.80 1.8711 0.0378  0.1752
0.89 1.9036 0.0860 0.1783 0.89 1.9036 0.1042 0.1783
2.000 GeV < /s < 2.010 GeV
-0.90 0.5978 0.0876  0.0560 -0.90 0.5978 0.1062  0.0560
-0.80 0.7189 0.0432 0.0674 -0.80 0.7189 0.0523  0.0674
-0.70 0.4978 0.0216  0.0467 -0.69 0.5564 0.2207  0.0521 -0.70 0.4983 0.0221  0.0467
-0.60 0.3594 0.0165 0.0337 -0.60 0.3743 0.0472  0.0350 -0.60 0.3610 0.0169  0.0338
-0.50 0.2893 0.0140 0.0271 -0.50 0.2916 0.0304 0.0273 -0.50 0.2897 0.0140  0.0272
-0.40 0.2978 0.0131  0.0279 -0.40 0.2695 0.0215  0.0252 -0.40 0.2901 0.0125  0.0272
-0.30 0.2988 0.0119  0.0280 -0.30 0.2708 0.0173  0.0254 -0.30 0.2898 0.0110  0.0272
-0.20 0.3395 0.0135 0.0318 -0.20 0.3320 0.0175 0.0311 -0.20 0.3367 0.0120 0.0316
-0.10 0.4358 0.0357  0.0408 -0.10 0.4606 0.0220 0.0431 -0.10 0.4537 0.0209  0.0425
0.00 0.5860 0.0188  0.0549 0.00 0.5065 0.0210 0.0474 0.00 0.5505 0.0159 0.0516
0.10 0.6992 0.0240 0.0655 0.10 0.7399 0.0330 0.0693 0.10 0.7133 0.0218  0.0668
0.20 0.8534 0.0195  0.0800 0.20 0.7968 0.0230 0.0746 0.20 0.8298 0.0168  0.0778
0.30 1.0302 0.0228  0.0966 0.30 1.0165 0.0262  0.0952 0.30 1.0243 0.0194  0.0960
0.40 1.1946 0.0263  0.1120 0.40 1.1866 0.0302 0.1111 0.40 1.1912 0.0224 0.1116
0.50 1.3021 0.0247 0.1221 0.50 1.3029 0.0301  0.1220 0.50 1.3024 0.0215  0.1220
0.60 1.6000 0.0276  0.1500 0.60 1.4893 0.0338 0.1395 0.60 1.5556 0.0241  0.1458
0.70 1.6266 0.0277  0.1525 0.70 1.6897 0.0414  0.1582 0.70 1.6461 0.0258 0.1543
0.80 1.7414 0.0334 0.1632 0.80 1.8927 0.0707  0.1772 0.80 1.7690 0.0333  0.1658
0.89 1.9360 0.0973  0.1815 0.89 2.2410 0.8084  0.2099 0.89 1.9404 0.0998 0.1819
2.010 GeV < /s < 2.020 GeV
-0.90 0.8097 0.1624  0.0760 -0.90 0.8097 0.1968  0.0760
-0.80 0.7432 0.0499  0.0697 -0.80 0.7432 0.0605  0.0697
-0.70 0.4175 0.0212  0.0392 -0.68 0.4004 0.1350 0.0375 -0.70 0.4171 0.0218  0.0391
-0.60 0.3514 0.0187  0.0330 -0.60 0.3782 0.0503  0.0355 -0.60 0.3547 0.0191  0.0333
-0.50 0.2811 0.0148 0.0264 -0.50 0.2682 0.0307  0.0251 -0.50 0.2787 0.0147  0.0261
-0.40 0.2241 0.0118  0.0210 -0.40 0.2177 0.0202  0.0204 -0.40 0.2224 0.0114  0.0209
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-0.30 0.2389 0.0120 0.0224 -0.30 0.2317 0.0171 0.0217 -0.30 0.2366 0.0110  0.0222
-0.20 0.2975 0.0130 0.0279 -0.20 0.2944 0.0180 0.0276 -0.20 0.2964 0.0119  0.0278
-0.10 0.4077 0.0167  0.0383 -0.10 0.4040 0.0217  0.0379 -0.10 0.4064 0.0149 0.0381
0.00 0.5105 0.0177  0.0479 0.00 0.4827 0.0217 0.0453 0.00 0.4994 0.0155  0.0468
0.10 0.6971 0.0253  0.0654 0.10 0.6945 0.0338 0.0651 0.10 0.6962 0.0228  0.0653
0.20 0.7726 0.0196  0.0725 0.20 0.8504 0.0259  0.0797 0.20 0.8010 0.0176  0.0751
0.30 0.9578 0.0238 0.0899 0.30 0.9295 0.0269 0.0871 0.30 0.9454 0.0201 0.0887
0.40 1.1641 0.0261 0.1092 0.40 1.1599 0.0317 0.1087 0.40 1.1624 0.0228  0.1090
0.50 1.3461 0.0267 0.1263 0.50 1.3231 0.0321 0.1240 0.50 1.3367 0.0232 0.1254
0.60 1.5126 0.0279  0.1420 0.60 1.4472 0.0356  0.1357 0.60 1.4877 0.0248 0.1396
0.70 1.5785 0.0280 0.1481 0.70 1.5231 0.0413  0.1428 0.70 1.5610 0.0260 0.1464
0.80 1.7672 0.0364  0.1658 0.80 1.8336 0.0676  0.1719 0.80 1.7822 0.0356  0.1672
0.89 2.1042 0.1202 0.1975 0.88 2.2230 0.3161 0.2084 0.89 2.1192 0.1224  0.1989
2.020 GeV < /5 < 2.030 GeV
-0.90 0.6421 0.1003  0.0603 -0.90 0.6421 0.1215  0.0603
-0.80 0.5937 0.0419  0.0558 -0.80 0.5937 0.0508 0.0558
-0.70 0.4511 0.0224  0.0424 -0.68 0.4846 0.1710  0.0455 -0.70 0.4517 0.0230 0.0424
-0.60 0.2847 0.0154  0.0267 -0.60 0.3147 0.0448  0.0295 -0.60 0.2878 0.0158  0.0270
-0.50 0.2666 0.0145 0.0250 -0.50 0.2580 0.0277 0.0242 -0.50 0.2648 0.0142 0.0249
-0.40 0.1986 0.0104 0.0187 -0.40 0.2210 0.0202  0.0207 -0.40 0.2033 0.0102 0.0191
-0.30 0.2060 0.0101 0.0194 -0.30 0.2356 0.0162  0.0221 -0.30 0.2143 0.0096 0.0201
-0.20 0.2776 0.0124  0.0261 -0.20 0.2480 0.0159  0.0233 -0.20 0.2664 0.0110  0.0250
-0.10 0.3618 0.0152  0.0340 -0.10 0.3827 0.0205 0.0359 -0.10 0.3692 0.0137  0.0347
0.00 0.5063 0.0182  0.0476 0.00 0.4646 0.0207  0.0436 0.00 0.4881 0.0155  0.0458
0.10 0.6441 0.0243  0.0605 0.10 0.6292 0.0307 0.0590 0.10 0.6383 0.0215  0.0599
0.20 0.7684 0.0187  0.0722 0.20 0.7616 0.0230 0.0715 0.20 0.7657 0.0164 0.0719
0.30 0.9705 0.0228 0.0912 0.30 0.9101 0.0254  0.0854 0.30 0.9435 0.0192  0.0886
0.40 1.0667 0.0239 0.1002 0.40 1.0297 0.0281 0.0966 0.40 1.0511 0.0206 0.0987
0.50 1.2682 0.0252 0.1191 0.50 1.2655 0.0303 0.1188 0.50 1.2671 0.0219 0.1190
0.60 1.4395 0.0267 0.1352 0.60 1.4072 0.0333 0.1321 0.60 1.4269 0.0235 0.1340
0.70 1.6372 0.0293 0.1538 0.70 1.6207 0.0415 0.1521 0.70 1.6317 0.0269 0.1532
0.80 1.6715 0.0336  0.1570 0.80 1.9571 0.0739  0.1837 0.80 1.7204 0.0336 0.1616
0.89 1.7177 0.0730 0.1614 0.88 1.6536 0.2011 0.1552 0.89 1.7103 0.0745 0.1607
2.030 GeV < /s < 2.040 GeV
-0.80 0.5406 0.0357  0.0508 -0.80 0.5406 0.0433  0.0508
-0.70 0.3822 0.0192  0.0359 -0.69 0.3966 0.1492  0.0373 -0.70 0.3824 0.0197  0.0360
-0.60 0.3108 0.0161 0.0292 -0.60 0.3036 0.0421 0.0285 -0.60 0.3099 0.0164 0.0291
-0.50 0.2612 0.0146  0.0246 -0.50 0.2457 0.0269 0.0231 -0.50 0.2577 0.0142  0.0242
-0.40 0.1764 0.0103 0.0166 -0.40 0.1896 0.0174 0.0178 -0.40 0.1798 0.0099 0.0169
-0.30 0.2083 0.0107 0.0196 -0.30 0.2266 0.0159 0.0213 -0.30 0.2139 0.0099 0.0201
-0.20 0.2782 0.0128  0.0262 -0.20 0.2680 0.0162  0.0252 -0.20 0.2743 0.0113  0.0258
-0.10 0.3336 0.0145 0.0314 -0.10 0.3814 0.0200 0.0358 -0.10 0.3500 0.0132  0.0329
0.00 0.5300 0.0190 0.0498 0.00 0.4981 0.0222  0.0468 0.00 0.5165 0.0163  0.0486
0.10 0.6581 0.0231 0.0619 0.10 0.6649 0.0310 0.0625 0.10 0.6605 0.0209 0.0621
0.20 0.7795 0.0194 0.0733 0.20 0.7635 0.0228 0.0717 0.20 0.7727 0.0167  0.0726
0.30 0.9591 0.0229  0.0902 0.30 0.9145 0.0251 0.0859 0.30 0.9388 0.0191 0.0883
0.40 1.1712 0.0249 0.1102 0.40 1.0509 0.0276 0.0987 0.40 1.1171 0.0209 0.1050
0.50 1.3099 0.0256  0.1232 0.50 1.2930 0.0304 0.1215 0.50 1.3028 0.0221 0.1225
0.60 1.4904 0.0266  0.1402 0.60 1.4189 0.0327 0.1333 0.60 1.4619 0.0233 0.1374
0.70 1.7506 0.0303 0.1647 0.70 1.6371 0.0398 0.1538 0.70 1.7091 0.0272  0.1607
0.80 1.7540 0.0342 0.1650 0.80 1.9674 0.0681 0.1848 0.80 1.7970 0.0338 0.1690
0.89 1.8272 0.0811 0.1719 0.89 1.8272 0.0983 0.1719
2.040 GeV < \/g < 2.050 GeV
-0.90 0.5902 0.1063  0.0556 -0.90 0.5902 0.1289  0.0556
-0.80 0.5858 0.0431 0.0552 -0.80 0.5858 0.0523  0.0552
-0.70 0.3468 0.0194 0.0327 -0.69 0.7186 0.2852  0.0676 -0.70 0.3486 0.0197 0.0328
-0.60 0.2704 0.0155  0.0255 -0.60 0.2779 0.0407  0.0261 -0.60 0.2713 0.0158  0.0255
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-0.50 0.2048 0.0164 0.0193 -0.50 0.2026 0.0259 0.0191 -0.50 0.2042 0.0155  0.0192
-0.40 0.1688 0.0102  0.0159 -0.40 0.2003 0.0192  0.0188 -0.40 0.1757 0.0100  0.0165
-0.30 0.1880 0.0100  0.0177 -0.30 0.1728 0.0146  0.0163 -0.30 0.1831 0.0093 0.0172
-0.20 0.2290 0.0118 0.0216 -0.20 0.2364 0.0160  0.0222 -0.20 0.2316 0.0107  0.0218
-0.10 0.3476 0.0156  0.0327 -0.10 0.3421 0.0198  0.0322 -0.10 0.3455 0.0138  0.0325
0.00 0.4715 0.0185 0.0444 0.00 0.4672 0.0226  0.0439 0.00 0.4698 0.0161  0.0442
0.10 0.5900 0.0223  0.0556 0.10 0.5692 0.0284 0.0535 0.10 0.5821 0.0198  0.0548
0.20 0.6771 0.0183  0.0638 0.20 0.6964 0.0234  0.0655 0.20 0.6844 0.0162  0.0644
0.30 0.9424 0.0299  0.0887 0.30 0.8876 0.0265 0.0835 0.30 0.9117 0.0224  0.0858
0.40 1.0772 0.0249 0.1014 0.40 1.0496 0.0288  0.0987 0.40 1.0654 0.0213  0.1003
0.50 1.2109 0.0249  0.1140 0.50 1.1938 0.0302 0.1123 0.50 1.2040 0.0217  0.1133
0.60 1.4682 0.0276  0.1382 0.60 1.4142 0.0343  0.1330 0.60 1.4470 0.0243  0.1362
0.70 1.6237 0.0300 0.1529 0.70 1.5575 0.0411  0.1465 0.70 1.6007 0.0273  0.1507
0.80 1.6571 0.0341  0.1560 0.80 1.7845 0.0658 0.1678 0.80 1.6841 0.0336  0.1585
0.89 2.1179 0.1175  0.1994 0.88 2.3502 0.2674  0.2211 0.89 2.1555 0.1181  0.2029
2.050 GeV < /s < 2.060 GeV
-0.90 0.5458 0.2014 0.0514 -0.90 0.5458 0.2441 0.0514
-0.80 0.4503 0.0335 0.0424 -0.80 0.4503 0.0406  0.0424
-0.70 0.3387 0.0181 0.0319 -0.69 0.3111 0.1143  0.0293 -0.70 0.3381 0.0186  0.0319
-0.60 0.2564 0.0154  0.0242 -0.60 0.2419 0.0392  0.0228 -0.60 0.2545 0.0156  0.0240
-0.50 0.1811 0.0111  0.0171 -0.50 0.1990 0.0249 0.0187 -0.50 0.1841 0.0111  0.0173
-0.40 0.1493 0.0097  0.0141 -0.40 0.1607 0.0159 0.0151 -0.40 0.1524 0.0092 0.0144
-0.30 0.1656 0.0090 0.0156 -0.30 0.1467 0.0124 0.0138 -0.30 0.1591 0.0082  0.0150
-0.20 0.2041 0.0103 0.0192 -0.20 0.2150 0.0143  0.0202 -0.20 0.2078 0.0094  0.0196
-0.10 0.3287 0.0144  0.0310 -0.10 0.3083 0.0175  0.0290 -0.10 0.3205 0.0125  0.0302
0.00 0.4561 0.0176  0.0430 0.00 0.4497 0.0212  0.0423 0.00 0.4535 0.0153  0.0427
0.10 0.5712 0.0200  0.0538 0.10 0.5946 0.0276  0.0560 0.10 0.5792 0.0182  0.0546
0.20 0.7046 0.0178  0.0664 0.20 0.6933 0.0214  0.0653 0.20 0.7000 0.0154  0.0660
0.30 0.9082 0.0217  0.0856 0.30 0.8585 0.0245  0.0808 0.30 0.8863 0.0184 0.0835
0.40 1.0980 0.0245 0.1035 0.40 1.0507 0.0272  0.0989 0.40 1.0768 0.0206 0.1015
0.50 1.1878 0.0235 0.1120 0.50 1.1640 0.0278  0.1096 0.50 1.1778 0.0203 0.1110
0.60 1.4581 0.0263 0.1374 0.60 1.4087 0.0325 0.1327 0.60 1.4385 0.0231  0.1355
0.70 1.7484 0.0309 0.1648 0.70 1.7301 0.0420 0.1629 0.70 1.7420 0.0280 0.1641
0.80 1.7151 0.0337 0.1617 0.80 1.8735 0.0637 0.1764 0.80 1.7498 0.0331  0.1649
0.89 1.7517 0.0820 0.1651 0.89 1.7517 0.0993 0.1651
2.060 GeV < /s < 2.070 GeV
-0.90 0.5339 0.0923  0.0504 -0.90 0.5339 0.1119  0.0504
-0.80 0.4651 0.0349  0.0439 -0.80 0.4651 0.0423  0.0439
-0.70 0.3397 0.0196  0.0321 -0.69 0.4182 0.1292  0.0394 -0.70 0.3414 0.0202  0.0322
-0.60 0.2390 0.0142  0.0226 -0.60 0.2787 0.0431 0.0263 -0.60 0.2429 0.0146  0.0229
-0.50 0.1865 0.0134 0.0176 -0.50 0.1830 0.0232 0.0173 -0.50 0.1856 0.0129  0.0175
-0.40 0.1698 0.0104 0.0160 -0.40 0.1405 0.0158 0.0132 -0.40 0.1609 0.0097 0.0152
-0.30 0.1570 0.0090 0.0148 -0.30 0.1866 0.0147  0.0176 -0.30 0.1651 0.0086  0.0156
-0.20 0.2218 0.0115  0.0209 -0.20 0.1947 0.0143 0.0184 -0.20 0.2112 0.0101  0.0199
-0.10 0.2834 0.0134  0.0267 -0.10 0.3108 0.0184  0.0293 -0.10 0.2929 0.0122  0.0276
0.00 0.4453 0.0188  0.0420 0.00 0.5055 0.0251  0.0477 0.00 0.4670 0.0169  0.0441
0.10 0.5757 0.0212  0.0543 0.10 0.5344 0.0266  0.0504 0.10 0.5597 0.0187  0.0528
0.20 0.6761 0.0294  0.0638 0.20 0.6862 0.0222  0.0647 0.20 0.6825 0.0199 0.0644
0.30 0.8741 0.1502  0.0825 0.30 0.9035 0.0265 0.0852 0.30 0.9026 0.0273  0.0851
0.40 1.0828 0.1069  0.1022 0.40 1.0821 0.0289  0.1020 0.40 1.0821 0.0298  0.1020
0.50 1.2615 0.0256  0.1190 0.50 1.1984 0.0294 0.1130 0.50 1.2342 0.0218 0.1164
0.60 1.4293 0.0267  0.1349 0.60 1.3998 0.0335 0.1320 0.60 1.4178 0.0236  0.1337
0.70 1.5884 0.0290 0.1499 0.70 1.6058 0.0407 0.1514 0.70 1.5943 0.0266  0.1504
0.80 1.7386 0.0335 0.1641 0.80 1.7697 0.0604 0.1668 0.80 1.7459 0.0326  0.1647
0.89 1.9686 0.0955  0.1858 0.88 1.8582 0.2134 0.1752 0.89 1.9502 0.0958  0.1840
2.070 GeV < /s < 2.080 GeV
-0.90 0.4745 0.1407  0.0448 ‘ -0.90 0.4745 0.1705  0.0448
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-0.80 0.4490 0.0319  0.0424 -0.80 0.4490 0.0386  0.0424
-0.70 0.3003 0.0164 0.0284 -0.69 0.2462 0.0966  0.0232 -0.70 0.2988 0.0169  0.0282
-0.60 0.2000 0.0117  0.0189 -0.60 0.2527 0.0371  0.0238 -0.60 0.2048 0.0120  0.0193
-0.50 0.1680 0.0104 0.0159 -0.50 0.1747 0.0209 0.0165 -0.50 0.1693 0.0103  0.0160
-0.40 0.1496 0.0096 0.0141 -0.40 0.1590 0.0161  0.0150 -0.40 0.1520 0.0092 0.0144
-0.30 0.1571 0.0085 0.0148 -0.30 0.1493 0.0122  0.0141 -0.30 0.1546 0.0078 0.0146
-0.20 0.1936 0.0156  0.0183 -0.20 0.2154 0.0146  0.0203 -0.20 0.2052 0.0121  0.0194
-0.10 0.2858 0.0167  0.0270 -0.10 0.2663 0.0156  0.0251 -0.10 0.2754 0.0129  0.0260
0.00 0.4329 0.0309  0.0409 0.00 0.4340 0.0216  0.0410 0.00 0.4337 0.0199  0.0409
0.10 0.5293 0.0185  0.0500 0.10 0.5597 0.0258  0.0528 0.10 0.5396 0.0169  0.0510
0.20 0.6448 0.0167  0.0609 0.20 0.6199 0.0199  0.0585 0.20 0.6346 0.0144  0.0599
0.30 0.8159 0.0198 0.0771 0.30 0.8251 0.0229  0.0779 0.30 0.8198 0.0169 0.0774
0.40 1.0537 0.0225  0.0996 0.40 0.9369 0.0244  0.0884 0.40 0.9999 0.0187  0.0944
0.50 1.2269 0.0239  0.1159 0.50 1.1470 0.0271  0.1083 0.50 1.1919 0.0203 0.1126
0.60 1.3983 0.0251  0.1321 0.60 1.3257 0.0297  0.1251 0.60 1.3680 0.0217  0.1292
0.70 1.5893 0.0273  0.1502 0.70 1.5612 0.0376  0.1473 0.70 1.5796 0.0249  0.1492
0.80 1.7147 0.0311  0.1620 0.80 1.9006 0.0585  0.1794 0.80 1.7557 0.0305 0.1658
0.89 1.7947 0.1028 0.1696 0.88 1.9556 0.1972  0.1846 0.89 1.8291 0.1011  0.1728
2.080 GeV < /s < 2.090 GeV
-0.90 0.4705 0.1009  0.0445 -0.90 0.4705 0.1223  0.0445
-0.80 0.4314 0.0342  0.0408 -0.80 0.4314 0.0415 0.0408
-0.70 0.2979 0.0175  0.0282 -0.70 0.2979 0.0213  0.0282
-0.60 0.2444 0.0141  0.0231 -0.60 0.2579 0.0386  0.0244 -0.60 0.2460 0.0144  0.0233
-0.50 0.1685 0.0136  0.0159 -0.50 0.1717 0.0231 0.0162 -0.50 0.1693 0.0131  0.0160
-0.40 0.1566 0.0101  0.0148 -0.40 0.1600 0.0174 0.0151 -0.40 0.1575 0.0098  0.0149
-0.30 0.1652 0.0437  0.0156 -0.30 0.1469 0.0132  0.0139 -0.30 0.1484 0.0135 0.0140
-0.20 0.2082 0.0153  0.0197 -0.20 0.2082 0.0186  0.0197
-0.10 0.2879 0.0176  0.0272 -0.10 0.2879 0.0214  0.0272
0.00 0.4119 0.0227  0.0389 0.00 0.4119 0.0276  0.0389
0.10 0.4855 0.0184  0.0459 0.10 0.5288 0.0265  0.0500 0.10 0.4996 0.0169 0.0472
0.20 0.6562 0.0178  0.0621 0.20 0.6366 0.0216  0.0601 0.20 0.6483 0.0155 0.0613
0.30 0.9113 0.0235 0.0862 0.30 0.8637 0.0263 0.0816 0.30 0.8902 0.0198  0.0842
0.40 1.0756 0.0250 0.1017 0.40 1.0127 0.0275  0.0957 0.40 1.0472 0.0209  0.0990
0.50 1.2494 0.0265 0.1182 0.50 1.2279 0.0308 0.1160 0.50 1.2402 0.0227 0.1173
0.60 1.4642 0.0277  0.1385 0.60 1.3904 0.0329 0.1314 0.60 1.4336 0.0239  0.1355
0.70 1.7088 0.0318 0.1616 0.70 1.7373 0.0423 0.1641 0.70 1.7191 0.0287  0.1625
0.80 1.7734 0.0344  0.1677 0.80 1.9126 0.0609  0.1807 0.80 1.8071 0.0333  0.1709
0.89 2.0570 0.1567  0.1946 0.88 1.9002 0.1853  0.1795 0.89 1.9916 0.1352  0.1883
2.090 GeV < /s < 2.100 GeV
-0.90 0.5921 0.2216  0.0561 -0.90 0.5921 0.2686  0.0561
-0.80 0.5022 0.0381  0.0476 -0.80 0.5022 0.0462  0.0476
-0.70 0.2924 0.0163  0.0277 -0.69 0.3436 0.1248  0.0325 -0.70 0.2932 0.0167 0.0278
-0.60 0.2266 0.0133  0.0215 -0.60 0.2384 0.0384  0.0225 -0.60 0.2278 0.0136  0.0216
-0.50 0.1740 0.0116  0.0165 -0.50 0.2054 0.0236  0.0194 -0.50 0.1801 0.0115 0.0170
-0.40 0.1550 0.0099 0.0147 -0.40 0.1563 0.0162  0.0148 -0.40 0.1554 0.0095 0.0147
-0.30 0.1621 0.0093 0.0154 -0.30 0.1390 0.0119 0.0132 -0.30 0.1534 0.0083 0.0145
-0.20 0.1924 0.0127  0.0182 -0.20 0.2200 0.0151  0.0208 -0.20 0.2038 0.0110 0.0193
-0.10 0.2592 0.0125  0.0245 -0.10 0.2536 0.0156  0.0240 -0.10 0.2570 0.0110  0.0243
0.00 0.4200 0.0181  0.0398 0.00 0.4009 0.0220 0.0379 0.00 0.4123 0.0158  0.0390
0.10 0.4863 0.0183  0.0460 0.10 0.4858 0.0236  0.0460 0.10 0.4861 0.0163  0.0460
0.20 0.6211 0.0185  0.0588 0.20 0.6134 0.0201  0.0580 0.20 0.6176 0.0154  0.0585
0.30 0.8021 0.0231  0.0759 0.30 0.7775 0.0235 0.0735 0.30 0.7900 0.0186  0.0748
0.40 1.0013 0.0240  0.0948 0.40 0.9051 0.0245  0.0856 0.40 0.9542 0.0194  0.0903
0.50 1.1764 0.0245 0.1114 0.50 1.1312 0.0272  0.1070 0.50 1.1562 0.0206  0.1094
0.60 1.3959 0.0259  0.1322 0.60 1.3972 0.0312 0.1322 0.60 1.3964 0.0225 0.1322
0.70 1.6567 0.0293  0.1569 0.70 1.5991 0.0390 0.1513 0.70 1.6359 0.0264 0.1549
0.80 1.7768 0.0325 0.1683 0.80 1.8034 0.0542  0.1706 0.80 1.7839 0.0312  0.1689
0.89 2.0036 0.1585  0.1897 0.88 1.9015 0.1632  0.1799 0.89 1.9540 0.1286  0.1849
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2.100 GeV < /s < 2.110 GeV
-0.90 0.5790 0.1021  0.0549 -0.90 0.5790 0.1237  0.0549
-0.80 04733 0.0351  0.0449 -0.80 04733 0.0425  0.0449
-0.70 0.2925 0.0160  0.0277 -0.68 0.4916 0.1657  0.0466 -0.70 0.2943 0.0163  0.0279
-0.60 0.2288 0.0132  0.0217 -0.60 0.2813 0.0402 0.0266 -0.60 0.2339 0.0136  0.0222
-0.50 0.1901 0.0112  0.0180 -0.50 0.1960 0.0241 0.0186 -0.50 0.1911 0.0112  0.0181
-0.40 0.1508 0.0096 0.0143 -0.40 0.1316 0.0146  0.0125 -0.40 0.1449 0.0090 0.0137
-0.30 0.1444 0.0083 0.0137 -0.30 0.1681 0.0135 0.0159 -0.30 0.1509 0.0079  0.0143
-0.20 0.1770 0.0102  0.0168 -0.20 0.1996 0.0145 0.0189 -0.20 0.1844 0.0093 0.0175
-0.10 0.2560  0.0121  0.0243 | -0.10 0.2583  0.0155 0.0245 | -0.10 0.2569  0.0108  0.0243
0.00 0.3464 0.0163  0.0328 0.00 0.3853 0.0221  0.0365 0.00 0.3601 0.0148  0.0341
0.10 0.4026 0.0149  0.0382 0.10 0.4407 0.0212  0.0417 0.10 0.4152 0.0137  0.0393
0.20 0.5575 0.0154  0.0528 0.20 0.5556 0.0190  0.0526 0.20 0.5567 0.0135 0.0528
0.30 0.7568 0.0199 0.0717 0.30 0.7297 0.0228  0.0691 0.30 0.7451 0.0170  0.0706
0.40 0.9256 0.0216  0.0877 0.40 0.8736 0.0240  0.0827 0.40 0.9024 0.0181  0.0855
0.50 1.1243 0.0233  0.1066 0.50 1.0765 0.0269 0.1019 0.50 1.1038 0.0199 0.1046
0.60 1.3546  0.0254 0.1284 | 0.60 1.2305  0.0292 0.1165 | 0.60 1.3011  0.0217  0.1233
0.70 1.5349 0.0283  0.1455 0.70 1.4698 0.0365 0.1392 0.70 1.5105 0.0252  0.1431
0.80 1.6925 0.0312  0.1604 0.80 1.7308 0.0518 0.1639 0.80 1.7027 0.0299 0.1614
0.89 1.6377 0.1005 0.1553 0.89 1.6086 0.5067  0.1523 0.89 1.6366 0.1037  0.1551

2.110 GeV < /5 < 2.120 GeV
~0.89 0.5415  0.1178 0.0514 -0.89 0.5415  0.1428 0.0514
-0.80 0.4114 0.0352  0.0390 -0.80 0.4114 0.0427  0.0390
-0.70 0.2870 0.0173  0.0272 -0.70 0.2870 0.0210  0.0272
-0.60 0.2329 0.0138  0.0221 -0.60 0.2797 0.0454  0.0265 -0.60 0.2369 0.0142  0.0225
-0.50 0.1894 0.0122  0.0180 -0.50 0.2172 0.0263  0.0206 -0.50 0.1943 0.0122 0.0184
-0.40 0.1466 0.0098  0.0139 -0.40 0.1492 0.0165 0.0141 -0.40 0.1473 0.0094 0.0140
-0.30 0.1615 0.0120 0.0153 -0.30 0.1543 0.0134 0.0146 -0.30 0.1583 0.0101  0.0150
-0.20 0.1884  0.0113 0.0179 | -0.20 0.1859  0.0146 0.0176 | -0.20 0.1875  0.0101 0.0178
-0.10 0.2237 0.0121  0.0212 -0.10 0.2189 0.0150  0.0208 -0.10 0.2218 0.0106  0.0210
0.00 0.3496  0.0183 0.0332 | 0.00 0.3511  0.0229 0.0333 | 0.00 0.3502  0.0161  0.0332
0.10 0.4041 0.0155 0.0383 0.10 0.3965 0.0206  0.0376 0.10 0.4013 0.0140 0.0381
0.20 0.5517 0.0164 0.0524 0.20 0.5320 0.0195 0.0504 0.20 0.5435 0.0142  0.0516
0.30 0.7383 0.0208 0.0701 0.30 0.7364 0.0243  0.0698 0.30 0.7375 0.0179  0.0700
0.40 0.9055 0.0230  0.0859 0.40 0.7950 0.0245 0.0754 0.40 0.8536 0.0190 0.0810
0.50 1.1146 0.0244  0.1058 0.50 1.0467 0.0278  0.0992 0.50 1.0851 0.0207  0.1029
0.60 1.3252 0.0263  0.1258 0.60 1.2637 0.0315 0.1198 0.60 1.2999 0.0228  0.1233
0.70 1.5586  0.0303 0.1479 | 0.70 1.3729  0.0367 0.1302 | 0.70 1.4835  0.0264 0.1407
0.80 1.6838 0.0355  0.1598 0.80 1.6911 0.0541  0.1603 0.80 1.6860 0.0333  0.1600
0.89 1.7043 0.1572  0.1617 0.88 2.0352 0.1825 0.1930 0.89 1.8452 0.1346  0.1750

2.120 GeV < /s < 2.130 GeV
-0.80 0.3808 0.0851  0.0362 -0.80 0.3808 0.1032  0.0362
-0.60 0.2288  0.0156 0.0217 | -0.60 0.2159  0.0363 0.0205 | -0.60 0.2267  0.0158 0.0215
-0.50 0.1682 0.0103  0.0160 -0.50 0.1881 0.0215 0.0179 -0.50 0.1719 0.0103  0.0163
-0.40 0.1607 0.0092 0.0153 -0.40 0.1927 0.0177  0.0183 -0.40 0.1675 0.0091  0.0159
-0.30 0.1543 0.0085 0.0147 -0.30 0.1392 0.0115 0.0132 -0.30 0.1490 0.0077  0.0142
-0.20 0.1806 0.0107 0.0172 -0.20 0.1907 0.0136  0.0181 -0.20 0.1844 0.0095 0.0175
-0.10 0.2327 0.0116  0.0221 -0.10 0.2075 0.0134  0.0197 -0.10 0.2219 0.0099 0.0211
0.00 0.3248 0.0163  0.0309 0.00 0.3339 0.0205 0.0317 0.00 0.3283 0.0144  0.0312
0.10 0.3658  0.0131 0.0348 | 0.10 0.3819  0.0179 0.0363 | 0.10 0.3715  0.0119  0.0353
0.20 0.5072 0.0144  0.0482 0.20 0.4848 0.0170  0.0460 0.20 0.4979 0.0124  0.0473
0.30 0.6721 0.0293  0.0639 0.30 0.7053 0.0214  0.0669 0.30 0.6938 0.0194  0.0659
0.40 0.8473 0.0216  0.0805 0.40 0.8318 0.0230  0.0790 0.40 0.8401 0.0178  0.0798
0.50 1.0622 0.0222  0.1009 0.50 0.9904 0.0246  0.0940 0.50 1.0300 0.0187  0.0978
0.60 1.2852 0.0240 0.1221 0.60 1.2284 0.0282  0.1166 0.60 1.2613 0.0206  0.1198
0.70 1.5262 0.0278  0.1450 0.70 1.4877 0.0361  0.1412 0.70 1.5118 0.0248 0.1436
0.80 1.6331  0.0301 0.1552 | 0.80 1.5703  0.0467 0.1490 | 0.80 1.6147  0.0283  0.1534
0.88 1.7462 0.0547  0.1659 0.88 1.7462 0.0663  0.1659
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2.130 GeV < /s < 2.140 GeV
-0.90 0.6472 0.1595 0.0616 -0.90 0.6472 0.1933  0.0616
-0.80 04220  0.0340 0.0401 -0.80 04220  0.0413  0.0401
-0.70 0.3046 0.0164 0.0290 -0.68 0.2375 0.0914 0.0226 -0.70 0.3025 0.0169  0.0288
-0.60 0.2134 0.0128  0.0203 -0.60 0.2152 0.0332  0.0204 -0.60 0.2136 0.0130  0.0203
-0.50 0.1797 0.0107 0.0171 -0.50 0.1840 0.0218 0.0175 -0.50 0.1805 0.0106  0.0172
-0.40 0.1431 0.0090 0.0136 -0.40 0.1284 0.0139 0.0122 -0.40 0.1388 0.0084  0.0132
-0.30 0.1444 0.0084 0.0137 -0.30 0.1421 0.0121  0.0135 -0.30 0.1437 0.0077  0.0137
-0.20 0.1751 0.0101  0.0167 -0.20 0.1639 0.0132  0.0156 -0.20 0.1710 0.0091 0.0163
-0.10 0.2063  0.0109 0.0196 | -0.10 0.2016  0.0135 0.0192 | -0.10 0.2045  0.0096  0.0194
0.00 0.3157 0.0166  0.0300 0.00 0.3021 0.0207  0.0287 0.00 0.3104 0.0146  0.0295
0.10 0.3300 0.0124 0.0314 0.10 0.3536 0.0168 0.0336 0.10 0.3383 0.0113  0.0322
0.20 0.4768 0.0143  0.0454 0.20 0.4830 0.0177  0.0459 0.20 0.4793 0.0125  0.0456
0.30 0.6697 0.0189  0.0637 0.30 0.6255 0.0203  0.0594 0.30 0.6491 0.0157  0.0617
0.40 0.8230 0.0206 0.0783 0.40 0.7846 0.0227  0.0746 0.40 0.8057 0.0172  0.0766
0.50 1.0056 0.0216  0.0957 0.50 0.9714 0.0251  0.0923 0.50 0.9910 0.0185  0.0942
0.60 1.2594  0.0244 0.1198 | 0.60 12115 0.0285 0.1151 | 0.60 12392 0.0209 0.1178
0.70 1.4677 0.0308  0.1396 0.70 1.3916 0.0353 0.1322 0.70 1.4348 0.0262 0.1364
0.80 1.6692 0.0317  0.1588 0.80 1.5787 0.0474  0.1500 0.80 1.6412 0.0295 0.1561
0.88 1.7657 0.0574  0.1680 0.88 1.6761 0.1503  0.1593 0.88 1.7543 0.0584  0.1669

2.140 GeV < /s < 2.150 GeV
~0.80 0.3166  0.0295 0.0302 -0.80 0.3166  0.0358  0.0302
-0.70 0.2639 0.0157  0.0251 -0.70 0.2639 0.0191  0.0251
-0.60 0.1957 0.0124 0.0186 -0.60 0.2802 0.0410  0.0267 -0.60 0.2028 0.0128  0.0193
-0.50 0.1644 0.0105 0.0157 -0.50 0.1627 0.0215 0.0155 -0.50 0.1641 0.0105 0.0156
-0.40 0.1617 0.0098 0.0154 -0.40 0.1553 0.0163  0.0148 -0.40 0.1600 0.0094 0.0152
-0.30 0.1475 0.0087  0.0140 -0.30 0.1536 0.0130 0.0146 -0.30 0.1494 0.0081  0.0142
-0.20 0.1818 0.0110 0.0173 -0.20 0.1751 0.0139  0.0167 -0.20 0.1792 0.0097 0.0171
-0.10 0.2126  0.0117 0.0202 | -0.10 0.2059  0.0141 0.0196 | -0.10 0.2099  0.0102  0.0200
0.00 0.2718 0.0158  0.0259 0.00 0.3027 0.0219  0.0288 0.00 0.2824 0.0144  0.0269
0.10 0.3441  0.0143 0.0328 | 0.10 0.3516  0.0176 0.0335 | 0.10 0.3471  0.0125  0.0330
0.20 0.4613 0.0146  0.0439 0.20 0.4438 0.0173  0.0422 0.20 0.4540 0.0126  0.0432
0.30 0.6087 0.0183  0.0580 0.30 0.5585 0.0204 0.0531 0.30 0.5863 0.0154  0.0558
0.40 0.7532 0.0200 0.0717 0.40 0.7793 0.0232 0.0741 0.40 0.7643 0.0171  0.0728
0.50 0.9831 0.0239  0.0936 0.50 0.9012 0.0250  0.0857 0.50 0.9441 0.0195 0.0899
0.60 1.2043 0.0239 0.1147 0.60 1.1803 0.0294 0.1123 0.60 1.1948 0.0210  0.1137
0.70 1.3968 0.0275  0.1330 0.70 1.3654 0.0359  0.1299 0.70 1.3851 0.0246  0.1319
0.80 1.7447  0.0332 0.1662 | 0.80 1.5821  0.0471 0.1505 | 0.80 1.6906  0.0305 0.1609
0.88 1.6160 0.0529  0.1539 0.88 1.6935 0.1342 0.1611 0.88 1.6264 0.0537  0.1549

2.150 GeV < /5 < 2.160 GeV
-0.90 0.3509 0.1083  0.0335 -0.90 0.3509 0.1313  0.0335
-0.80 0.3334 0.0296 0.0318 -0.80 0.3334 0.0359  0.0318
-0.70 0.2748  0.0156  0.0262 -0.70 0.2748  0.0189  0.0262
-0.60 0.2297 0.0130  0.0219 -0.60 0.2397 0.0382  0.0228 -0.60 0.2307 0.0134  0.0220
-0.50 0.1738 0.0111  0.0166 -0.50 0.1875 0.0223 0.0179 -0.50 0.1765 0.0110 0.0168
-0.40 0.1544 0.0095 0.0147 -0.40 0.1551 0.0161  0.0148 -0.40 0.1546 0.0092  0.0147
-0.30 0.1392 0.0084 0.0133 -0.30 0.1615 0.0132  0.0154 -0.30 0.1456 0.0079  0.0139
-0.20 0.1683 0.0105 0.0161 -0.20 0.1754 0.0139 0.0167 -0.20 0.1709 0.0095 0.0163
-0.10 0.1884 0.0107  0.0180 -0.10 0.1931 0.0135 0.0184 -0.10 0.1902 0.0094 0.0181
0.00 0.2656  0.0158 0.0253 | 0.00 0.2927  0.0216 0.0279 | 0.00 0.2751  0.0144  0.0262
0.10 0.2999 0.0126  0.0286 0.10 0.3143 0.0163  0.0299 0.10 0.3052 0.0112  0.0291
0.20 0.3936 0.0129  0.0375 0.20 0.4074 0.0162  0.0388 0.20 0.3989 0.0114  0.0380
0.30 0.5425 0.0167  0.0517 0.30 0.5365 0.0193  0.0511 0.30 0.5399 0.0142  0.0515
0.40 0.7395 0.0196  0.0705 0.40 0.6380 0.0206  0.0608 0.40 0.6911 0.0161  0.0659
0.50 0.8978 0.0206  0.0856 0.50 0.8474 0.0235 0.0807 0.50 0.8759 0.0175  0.0835
0.60 1.1387 0.0232  0.1086 0.60 1.0843 0.0275 0.1033 0.60 1.1161 0.0201  0.1064
0.70 1.4482  0.0289 0.1381 | 0.70 1.3822  0.0362 0.1317 | 0.70 1.4224  0.0255 0.1356
0.80 1.5465 0.0305 0.1475 0.80 1.4906 0.0451  0.1420 0.80 1.5290 0.0284  0.1457
0.88 1.6037  0.0536 0.1529 | 0.88 15152  0.1334  0.1443 | 0.88 1.5914  0.0544 0.1517
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2.160 GeV < /s < 2.170 GeV
-0.89 0.3248 0.0608  0.0310 -0.89 0.3248 0.0737  0.0310
-0.80 0.2990 0.0259  0.0285 -0.80 0.2990 0.0314  0.0285
-0.70 0.2470 0.0145 0.0236 -0.70 0.2470 0.0176  0.0236
-0.60 0.2032 0.0121  0.0194 -0.60 0.2032 0.0146  0.0194
-0.50 0.1821 0.0109 0.0174 -0.50 0.1638 0.0210  0.0156 -0.50 0.1782 0.0108  0.0170
-0.40 0.1530 0.0090 0.0146 -0.40 0.1414 0.0148 0.0135 -0.40 0.1499 0.0086  0.0143
-0.30 0.1327 0.0080 0.0127 -0.30 0.1361 0.0120  0.0130 -0.30 0.1337 0.0075 0.0128
-0.20 0.1504 0.0097 0.0144 -0.20 0.1529 0.0129  0.0146 -0.20 0.1513 0.0087 0.0144
-0.10 0.1764 0.0101  0.0168 -0.10 0.1586 0.0117  0.0151 -0.10 0.1687 0.0086  0.0161
0.00 0.2165 0.0140  0.0207 0.00 0.2483 0.0196  0.0237 0.00 0.2273 0.0128  0.0217
0.10 0.2740 0.0113  0.0262 0.10 0.2928 0.0151  0.0279 0.10 0.2807 0.0102  0.0268
0.20 0.3949 0.0128  0.0377 0.20 0.3933 0.0159  0.0375 0.20 0.3943 0.0113  0.0376
0.30 0.5456 0.0167  0.0521 0.30 0.5412 0.0189 0.0516 0.30 0.5437 0.0142  0.0519
0.40 0.7029 0.0188  0.0671 0.40 0.6364 0.0203  0.0607 0.40 0.6723 0.0156  0.0641
0.50 0.8479 0.0196  0.0809 0.50 0.7829 0.0219  0.0747 0.50 0.8190 0.0165 0.0781
0.60 1.0701 0.0224 0.1022 0.60 1.0519 0.0266  0.1003 0.60 1.0626 0.0193 0.1014
0.70 1.3727 0.0276  0.1310 0.70 1.2990 0.0334 0.1239 0.70 1.3428 0.0241  0.1281
0.80 1.5268 0.0304 0.1458 0.80 1.5272 0.0452  0.1456 0.80 1.5269 0.0283  0.1457
0.88 1.6205 0.0534  0.1547 0.88 1.6567 0.1670  0.1580 0.88 1.6238 0.0549  0.1550
2.170 GeV < /5 < 2.180 GeV
-0.90 0.2504 0.0561  0.0239 -0.90 0.2504 0.0680  0.0239
-0.80 0.2532 0.0975  0.0242 -0.80 0.2532 0.1182  0.0242
-0.70 0.2346 0.0575 0.0224 -0.70 0.2346 0.0697  0.0224
-0.60 0.1984 0.0702  0.0190 -0.60 0.2376 0.0385  0.0227 -0.60 0.2285 0.0375  0.0218
-0.50 0.1787 0.0212 0.0171 -0.50 0.1787 0.0257 0.0171
-0.40 0.1290 0.0085 0.0123 -0.40 0.1422 0.0154 0.0136 -0.40 0.1321 0.0083  0.0126
-0.30 0.1306 0.0079  0.0125 -0.30 0.1388 0.0119  0.0132 -0.30 0.1331 0.0074  0.0127
-0.20 0.1436 0.0094 0.0137 -0.20 0.1310 0.0117 0.0125 -0.20 0.1386 0.0083  0.0132
-0.10 0.1543 0.0091 0.0147 -0.10 0.1696 0.0121  0.0162 -0.10 0.1599 0.0082  0.0153
0.00 0.2200 0.0138  0.0210 0.00 0.2074 0.0170  0.0198 0.00 0.2151 0.0121  0.0205
0.10 0.2580 0.0107  0.0247 0.10 0.2769 0.0143  0.0264 0.10 0.2648 0.0097  0.0253
0.20 0.3541 0.0121  0.0338 0.20 0.3719 0.0150  0.0355 0.20 0.3611 0.0106  0.0345
0.30 0.5257 0.0163  0.0502 0.30 0.5070 0.0180  0.0484 0.30 0.5173 0.0136  0.0494
0.40 0.6783 0.0183  0.0648 0.40 0.6342 0.0200 0.0606 0.40 0.6582 0.0152  0.0629
0.50 0.8685 0.0200  0.0830 0.50 0.8070 0.0225 0.0770 0.50 0.8414 0.0169  0.0804
0.60 1.1493 0.0235 0.1098 0.60 1.1158 0.0272  0.1065 0.60 1.1350 0.0201  0.1084
0.70 1.3447 0.0270  0.1285 0.70 1.4255 0.0360 0.1361 0.70 1.3738 0.0243 0.1313
0.80 1.5751 0.0299  0.1505 0.80 1.7031 0.0480 0.1626 0.80 1.6109 0.0284  0.1539
0.88 1.7666 0.0576  0.1688 0.88 2.0848 0.1780  0.1990 0.88 1.7968 0.0591  0.1717
2.180 GeV < /s < 2.190 GeV
-0.90 0.1899 0.0537 0.0182 -0.90 0.1899 0.0651  0.0182
-0.80 0.3215 0.0303  0.0308 -0.80 0.3215 0.0367  0.0308
-0.70 0.2201 0.0136  0.0211 -0.70 0.2201 0.0165 0.0211
-0.60 0.2112 0.0124  0.0202 -0.60 0.1532 0.0271  0.0146 -0.60 0.2012 0.0124  0.0193
-0.50 0.1597 0.0101  0.0153 -0.50 0.1968 0.0227  0.0188 -0.50 0.1659 0.0102  0.0159
-0.40 0.1381 0.0086  0.0132 -0.40 0.1598 0.0157  0.0153 -0.40 0.1431 0.0084  0.0137
-0.30 0.1208 0.0076  0.0116 -0.30 0.1473 0.0124 0.0141 -0.30 0.1281 0.0073  0.0123
-0.20 0.1383 0.0094 0.0132 -0.20 0.1527 0.0131  0.0146 -0.20 0.1432 0.0086  0.0137
-0.10 0.1548 0.0096 0.0148 -0.10 0.1596 0.0118 0.0153 -0.10 0.1567 0.0084  0.0150
0.00 0.2314 0.0142  0.0221 0.00 0.2182 0.0182  0.0209 0.00 0.2264 0.0127  0.0217
0.10 0.2481 0.0105 0.0237 0.10 0.2721 0.0142  0.0260 0.10 0.2566 0.0095 0.0245
0.20 0.3347 0.0118  0.0320 0.20 0.3334 0.0146  0.0319 0.20 0.3342 0.0103  0.0320
0.30 0.4961 0.0158  0.0475 0.30 0.4838 0.0180 0.0462 0.30 0.4908 0.0134  0.0469
0.40 0.6579 0.0181  0.0629 0.40 0.6213 0.0199  0.0594 0.40 0.6413 0.0152  0.0613
0.50 0.8178 0.0198 0.0782 0.50 0.8207 0.0227 0.0784 0.50 0.8190 0.0169 0.0783
0.60 1.0555 0.0222  0.1010 0.60 1.0202 0.0261  0.0975 0.60 1.0407 0.0191  0.0995
0.70 1.3301 0.0273  0.1273 0.70 1.2067 0.0320 0.1153 0.70 1.2782 0.0234 0.1222
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0.80 1.5382 0.0372  0.1472 0.80 1.4797 0.0430 0.1414 0.80 1.5131 0.0318  0.1447
0.88 1.6692 0.0562  0.1597 0.88 1.6557 0.1248 0.1583 0.88 1.6669 0.0563  0.1595
2.190 GeV < /5 < 2.200 GeV
-0.89 0.3081 0.0851  0.0295 -0.89 0.3081 0.1032  0.0295
-0.80 0.3340 0.0324  0.0320 -0.80 0.3340 0.0393  0.0320
-0.70 0.2100 0.0147  0.0201 -0.70 0.2100 0.0179  0.0201
-0.60 0.1974 0.0130 0.0189 -0.60 0.2449 0.0417 0.0234 -0.60 0.2016 0.0134 0.0193
-0.50 0.1433 0.0104 0.0137 -0.50 0.1547 0.0217  0.0148 -0.50 0.1454 0.0103  0.0139
-0.40 0.1422 0.0097  0.0136 -0.40 0.1617 0.0186  0.0155 -0.40 0.1464 0.0096  0.0140
-0.30 0.1316 0.0092  0.0126 -0.30 0.1432 0.0139 0.0137 -0.30 0.1351 0.0086  0.0129
-0.20 0.1247 0.0102  0.0119 -0.20 0.1672 0.0153  0.0160 -0.20 0.1378 0.0095 0.0132
-0.10 0.1480 0.0100 0.0142 -0.10 0.1467 0.0124  0.0140 -0.10 0.1475 0.0088 0.0141
0.00 0.2048 0.0151  0.0196 0.00 0.1940 0.0186  0.0186 0.00 0.2005 0.0133  0.0192
0.10 0.2656 0.0123  0.0254 0.10 0.2473 0.0150  0.0237 0.10 0.2583 0.0107  0.0247
0.20 0.3593 0.0138  0.0344 0.20 0.3724 0.0176  0.0356 0.20 0.3643 0.0122  0.0349
0.30 0.4791 0.0178  0.0459 0.30 0.5068 0.0206  0.0485 0.30 0.4909 0.0152  0.0470
0.40 0.6742 0.0208  0.0646 0.40 0.6565 0.0231  0.0628 0.40 0.6662 0.0174  0.0638
0.50 0.8401 0.0221  0.0805 0.50 0.8387 0.0261  0.0803 0.50 0.8395 0.0190 0.0804
0.60 1.1466 0.0262  0.1098 0.60 1.1449 0.0322  0.1096 0.60 1.1459 0.0229  0.1097
0.70 1.3695 0.0301  0.1312 0.70 1.2603 0.0366  0.1206 0.70 1.3254 0.0262  0.1269
0.80 1.6238 0.0331  0.1556 0.80 1.5040 0.0490 0.1439 0.80 1.5863 0.0308 0.1519
0.88 1.6766 0.0595 0.1606 0.88 2.1702 0.2392  0.2077 0.88 1.7053 0.0614 0.1634
2.200 GeV < /5 < 2.210 GeV
-0.89 0.4694 0.1030  0.0450 -0.89 0.4694 0.1249  0.0450
-0.80 0.3023 0.0310  0.0290 -0.80 0.3023 0.0375  0.0290
-0.70 0.2305 0.0154  0.0221 -0.70 0.2305 0.0187 0.0221
-0.60 0.1979 0.0134  0.0190 -0.60 0.2339 0.0392  0.0224 -0.60 0.2017 0.0137  0.0193
-0.50 0.1684 0.0117  0.0162 -0.50 0.1662 0.0226  0.0159 -0.50 0.1680 0.0115 0.0161
-0.40 0.1314 0.0093 0.0126 -0.40 0.1223 0.0153  0.0117 -0.40 0.1289 0.0089 0.0124
-0.30 0.1212 0.0086 0.0116 -0.30 0.1385 0.0136  0.0133 -0.30 0.1261 0.0081 0.0121
-0.20 0.1287 0.0100  0.0123 -0.20 0.1140 0.0124  0.0109 -0.20 0.1229 0.0088  0.0118
-0.10 0.1413 0.0098  0.0135 -0.10 0.1429 0.0123  0.0137 -0.10 0.1419 0.0086  0.0136
0.00 0.1849 0.0144 0.0177 0.00 0.1596 0.0172  0.0153 0.00 0.1745 0.0125 0.0167
0.10 0.2298 0.0111  0.0220 0.10 0.2350 0.0145  0.0225 0.10 0.2317 0.0099  0.0222
0.20 0.3279 0.0133  0.0315 0.20 0.3533 0.0167 0.0338 0.20 0.3377 0.0117  0.0324
0.30 0.4686 0.0171  0.0449 0.30 0.4696 0.0195 0.0450 0.30 0.4690 0.0145  0.0450
0.40 0.5567 0.0183 0.0534 0.40 0.6358 0.0222  0.0609 0.40 0.5885 0.0159  0.0564
0.50 0.7949 0.0234 0.0762 0.50 0.7488 0.0243 0.0717 0.50 0.7727 0.0191  0.0741
0.60 1.0743 0.0247  0.1030 0.60 1.0430 0.0294  0.0999 0.60 1.0613 0.0214  0.1017
0.70 1.3836 0.0304 0.1327 0.70 1.4234 0.0396 0.1364 0.70 1.3984 0.0272  0.1341
0.80 1.6977 0.0347 0.1628 0.80 1.6333 0.0515 0.1565 0.80 1.6776 0.0323  0.1608
0.88 1.5511 0.0553  0.1488 0.88 1.9707 0.1705 0.1888 0.88 1.5911 0.0568  0.1526
2.210 GeV < /s < 2.220 GeV
-0.89 0.2612 0.0656  0.0251 -0.89 0.2612 0.0796  0.0251
-0.80 0.2114 0.0205  0.0203 -0.80 0.2114 0.0248  0.0203
-0.70 0.2001 0.0132  0.0192 -0.67 0.3091 0.1171  0.0296 -0.70 0.2015 0.0136  0.0193
-0.60 0.1882 0.0118 0.0181 -0.60 0.1574 0.0306  0.0151 -0.60 0.1842 0.0120 0.0177
-0.50 0.1462 0.0096  0.0140 -0.50 0.1608 0.0207 0.0154 -0.50 0.1487 0.0096  0.0143
-0.40 0.1260 0.0084 0.0121 -0.40 0.1410 0.0150  0.0135 -0.40 0.1295 0.0082 0.0124
-0.30 0.1124 0.0075  0.0108 -0.30 0.1006 0.0101  0.0097 -0.30 0.1082 0.0068 0.0104
-0.20 0.1210 0.0091 0.0116 -0.20 0.1042 0.0110  0.0100 -0.20 0.1141 0.0079  0.0110
-0.10 0.1295 0.0086 0.0124 -0.10 0.1221 0.0103  0.0117 -0.10 0.1265 0.0074  0.0121
0.00 0.1897 0.0133  0.0182 0.00 0.1671 0.0162  0.0160 0.00 0.1806 0.0116  0.0173
0.10 0.2276 0.0105 0.0219 0.10 0.2183 0.0126  0.0209 0.10 0.2238 0.0091  0.0215
0.20 0.2962 0.0111  0.0284 0.20 0.2819 0.0134 0.0270 0.20 0.2904 0.0096  0.0279
0.30 0.4000 0.0144 0.0384 0.30 0.3861 0.0156  0.0370 0.30 0.3936 0.0120 0.0378
0.40 0.5272 0.0163  0.0506 0.40 0.5365 0.0183  0.0515 0.40 0.5313 0.0138  0.0510
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0.50 0.7279 0.0188  0.0699 0.50 0.6544 0.0205 0.0628 0.50 0.6943 0.0157  0.0666
0.60 1.0139 0.0222  0.0974 0.60 0.9367 0.0252  0.0898 0.60 0.9801 0.0188  0.0941
0.70 1.2865 0.0274  0.1235 0.70 1.2585 0.0330 0.1207 0.70 1.2751 0.0238  0.1224
0.80 1.6047 0.0312  0.1541 0.80 1.4127 0.0422  0.1355 0.80 1.5369 0.0282  0.1475
0.88 1.5656 0.0521  0.1503 0.88 1.4405 0.1040 0.1382 0.88 1.5405 0.0515  0.1479
2.220 GeV < /5 < 2.230 GeV
-0.80 0.2221 0.0223 0.0214 -0.80 0.2221 0.0270  0.0214
-0.70 0.1585 0.0115 0.0152 -0.70 0.1585 0.0139 0.0152
-0.60 0.1487 0.0108 0.0143 -0.60 0.1741 0.0317  0.0167 -0.60 0.1514 0.0110 0.0146
-0.50 0.1297 0.0093  0.0125 -0.50 0.1333 0.0187 0.0128 -0.50 0.1304 0.0092  0.0125
-0.40 0.1085 0.0079  0.0104 -0.40 0.1226 0.0142 0.0118 -0.40 0.1118 0.0077  0.0107
-0.30 0.0979 0.0072  0.0094 -0.30 0.1064 0.0106  0.0102 -0.30 0.1006 0.0067  0.0097
-0.20 0.1094 0.0084 0.0105 -0.20 0.1108 0.0114 0.0106 -0.20 0.1099 0.0076  0.0106
-0.10 0.1265 0.0088 0.0122 -0.10 0.1304 0.0111  0.0125 -0.10 0.1280 0.0078  0.0123
0.00 0.1641 0.0122  0.0158 0.00 0.1667 0.0165 0.0160 0.00 0.1650 0.0110  0.0159
0.10 0.1855 0.0091 0.0178 0.10 0.1953 0.0120 0.0188 0.10 0.1891 0.0082 0.0182
0.20 0.2726 0.0111  0.0262 0.20 0.2852 0.0137  0.0274 0.20 0.2776 0.0097  0.0267
0.30 0.3578 0.0134 0.0344 0.30 0.3475 0.0152  0.0334 0.30 0.3533 0.0114  0.0339
0.40 0.4976 0.0163  0.0478 0.40 0.4887 0.0184  0.0469 0.40 0.4936 0.0138 0.0474
0.50 0.6826 0.0183  0.0656 0.50 0.6557 0.0210  0.0630 0.50 0.6710 0.0156  0.0645
0.60 0.9478 0.0241 0.0911 0.60 0.9776 0.0267  0.0939 0.60 0.9612 0.0202 0.0924
0.70 1.2361 0.0265 0.1188 0.70 1.1800 0.0328 0.1133 0.70 1.2139 0.0233  0.1166
0.80 1.4630 0.0296  0.1406 0.80 1.4884 0.0437  0.1429 0.80 1.4710 0.0275 0.1414
0.88 1.6215 0.0543  0.1559 0.88 1.6861 0.1398 0.1619 0.88 1.6299 0.0552  0.1567
2.230 GeV < /s < 2.240 GeV
-0.89 0.2879 0.1083  0.0277 -0.89 0.2879 0.1313  0.0277
-0.80 0.2431 0.0253  0.0234 -0.80 0.2431 0.0306  0.0234
-0.70 0.1865 0.0134 0.0180 -0.67 0.3282 0.1161 0.0316 -0.70 0.1884 0.0137  0.0181
-0.60 0.1579 0.0113  0.0152 -0.60 0.1281 0.0322  0.0123 -0.60 0.1547 0.0115 0.0149
-0.50 0.1194 0.0089 0.0115 -0.50 0.1327 0.0186  0.0128 -0.50 0.1218 0.0089  0.0117
-0.40 0.1007 0.0080  0.0097 -0.40 0.1098 0.0139  0.0106 -0.40 0.1030 0.0077  0.0099
-0.30 0.1039 0.0077  0.0100 -0.30 0.0916 0.0102  0.0088 -0.30 0.0995 0.0069  0.0096
-0.20 0.1065 0.0087  0.0102 -0.20 0.1159 0.0117 0.0111 -0.20 0.1098 0.0079  0.0106
-0.10 0.1176 0.0088  0.0113 -0.10 0.1391 0.0114 0.0134 -0.10 0.1257 0.0079  0.0121
0.00 0.1364 0.0109 0.0131 0.00 0.1389 0.0145 0.0134 0.00 0.1373 0.0098 0.0132
0.10 0.1867 0.0096  0.0180 0.10 0.1819 0.0118 0.0175 0.10 0.1848 0.0084 0.0178
0.20 0.2647 0.0108 0.0255 0.20 0.2719 0.0137  0.0261 0.20 0.2675 0.0096  0.0257
0.30 0.3638 0.0140  0.0350 0.30 0.3518 0.0153  0.0338 0.30 0.3583 0.0117  0.0345
0.40 0.4673 0.0158  0.0450 0.40 0.4390 0.0170  0.0422 0.40 0.4541 0.0131  0.0437
0.50 0.6196 0.0170  0.0596 0.50 0.6499 0.0209  0.0625 0.50 0.6317 0.0149  0.0608
0.60 0.9263 0.0214  0.0892 0.60 0.9147 0.0259  0.0879 0.60 0.9216 0.0187  0.0887
0.70 1.1950 0.0266  0.1150 0.70 1.1847 0.0335 0.1139 0.70 1.1910 0.0235 0.1146
0.80 1.5143 0.0319  0.1457 0.80 1.4263 0.0429 0.1371 0.80 1.4829 0.0288  0.1427
0.88 1.5444 0.0550  0.1487 0.88 1.3756 0.1184 0.1323 0.88 1.5145 0.0550  0.1457
2.240 GeV < /5 < 2.250 GeV
-0.89 0.2143 0.0544  0.0206 -0.89 0.2143 0.0659  0.0206
-0.80 0.2191 0.0237  0.0211 -0.80 0.2191 0.0287 0.0211
-0.70 0.1496 0.0111  0.0144 -0.70 0.1496 0.0135 0.0144
-0.60 0.1488 0.0107 0.0143 -0.60 0.1350 0.0294 0.0130 -0.60 0.1471 0.0109 0.0142
-0.50 0.1243 0.0090  0.0120 -0.50 0.1567 0.0201  0.0151 -0.50 0.1297 0.0090 0.0125
-0.40 0.1188 0.0083 0.0114 -0.40 0.1163 0.0137 0.0112 -0.40 0.1181 0.0079 0.0114
-0.30 0.0984 0.0071  0.0095 -0.30 0.1278 0.0122  0.0123 -0.30 0.1058 0.0068  0.0102
-0.20 0.0904 0.0078  0.0087 -0.20 0.1114 0.0115 0.0107 -0.20 0.0970 0.0072  0.0093
-0.10 0.1048 0.0080 0.0101 -0.10 0.0990 0.0094  0.0095 -0.10 0.1023 0.0069  0.0099
0.00 0.1414 0.0113  0.0136 0.00 0.1450 0.0154 0.0140 0.00 0.1427 0.0103  0.0137
0.10 0.1635 0.0086  0.0158 0.10 0.1759 0.0114  0.0169 0.10 0.1680 0.0078  0.0162
0.20 0.2199 0.0620  0.0212 0.20 0.2291 0.0122  0.0221 0.20 0.2287 0.0126  0.0220
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0.30 0.3286 0.0129  0.0317 0.30 0.3236 0.0144 0.0312 0.30 0.3264 0.0108 0.0314
0.40 0.4597 0.0153  0.0443 0.40 0.4293 0.0166  0.0413 0.40 0.4457 0.0127  0.0429
0.50 0.6422 0.0179  0.0619 0.50 0.6142 0.0198  0.0591 0.50 0.6296 0.0150  0.0606
0.60 0.9254 0.0222  0.0892 0.60 0.8942 0.0255 0.0861 0.60 0.9119 0.0189  0.0878
0.70 1.1532 0.0257 0.1111 0.70 1.0716 0.0308  0.1032 0.70 1.1198 0.0223  0.1079
0.80 1.4843 0.0298  0.1430 0.80 1.3839 0.0419 0.1332 0.80 1.4506 0.0273  0.1397
0.88 1.3917 0.0507 0.1341 0.88 1.3917 0.0614  0.1341
2.250 GeV < /s < 2.260 GeV
-0.89 0.2148 0.0617  0.0207 -0.89 0.2148 0.0748  0.0207
-0.80 0.2404 0.0254 0.0232 -0.80 0.2404 0.0308  0.0232
-0.70 0.1931 0.0131  0.0186 -0.70 0.1931 0.0159 0.0186
-0.60 0.1414 0.0102  0.0136 -0.60 0.1945 0.0345 0.0187 -0.60 0.1457 0.0105 0.0141
-0.50 0.1268 0.0094 0.0122 -0.50 0.1351 0.0181  0.0130 -0.50 0.1286 0.0093 0.0124
-0.40 0.1174 0.0083 0.0113 -0.40 0.1008 0.0127  0.0097 -0.40 0.1125 0.0078  0.0108
-0.30 0.1001 0.0075  0.0097 -0.30 0.1206 0.0118 0.0116 -0.30 0.1059 0.0071  0.0102
-0.20 0.1049 0.0088  0.0101 -0.20 0.1163 0.0117 0.0112 -0.20 0.1090 0.0079  0.0105
-0.10 0.1117 0.0081  0.0108 -0.10 0.1166 0.0103  0.0112 -0.10 0.1136 0.0072  0.0110
0.00 0.1488 0.0120 0.0144 0.00 0.1441 0.0139  0.0139 0.00 0.1468 0.0102  0.0142
0.10 0.1710 0.0088  0.0165 0.10 0.1686 0.0109 0.0162 0.10 0.1700 0.0078  0.0164
0.20 0.2473 0.0107  0.0239 0.20 0.2473 0.0125 0.0238 0.20 0.2473 0.0092  0.0238
0.30 0.3148 0.0126  0.0304 0.30 0.3277 0.0145 0.0316 0.30 0.3204 0.0107  0.0309
0.40 0.4476 0.0150  0.0432 0.40 0.4304 0.0161  0.0415 0.40 0.4396 0.0124  0.0424
0.50 0.6613 0.0175 0.0638 0.50 0.6270 0.0194 0.0604 0.50 0.6459 0.0147  0.0623
0.60 0.9165 0.0216  0.0884 0.60 0.9103 0.0255 0.0877 0.60 0.9139 0.0186  0.0881
0.70 1.2503 0.0266  0.1206 0.70 1.2210 0.0326  0.1177 0.70 1.2386 0.0232  0.1195
0.80 1.5558 0.0307  0.1501 0.80 1.5841 0.0441  0.1527 0.80 1.5650 0.0283  0.1509
0.88 1.5228 0.0535 0.1469 0.88 1.5228 0.0649  0.1469
2,260 GeV < /5 < 2.270 GeV
-0.89 0.1773 0.0461 0.0171 -0.89 0.1773 0.0559 0.0171
-0.80 0.2161 0.0228  0.0209 -0.80 0.2161 0.0276  0.0209
-0.70 0.1524 0.0115 0.0147 -0.70 0.1524 0.0139  0.0147
-0.60 0.1357 0.0101  0.0131 -0.60 0.1617 0.0325 0.0156 -0.60 0.1380 0.0103  0.0133
-0.50 0.1119 0.0139  0.0108 -0.50 0.0971 0.0157  0.0094 -0.50 0.1054 0.0118 0.0102
-0.40 0.1048 0.0076  0.0101 -0.40 0.1368 0.0151  0.0132 -0.40 0.1113 0.0075  0.0108
-0.30 0.0901 0.0070  0.0087 -0.30 0.1072 0.0110  0.0103 -0.30 0.0950 0.0066  0.0092
-0.20 0.1009 0.0086  0.0097 -0.20 0.0910 0.0105 0.0088 -0.20 0.0969 0.0075  0.0094
-0.10 0.1185 0.0087 0.0114 -0.10 0.1183 0.0105 0.0114 -0.10 0.1184 0.0075 0.0114
0.00 0.1555 0.0117  0.0150 0.00 0.1506 0.0144 0.0145 0.00 0.1535 0.0103  0.0148
0.10 0.1659 0.0088  0.0160 0.10 0.1909 0.0119 0.0184 0.10 0.1747 0.0080 0.0169
0.20 0.2435 0.0104 0.0235 0.20 0.2482 0.0130  0.0240 0.20 0.2454 0.0091  0.0237
0.30 0.3366 0.0133  0.0325 0.30 0.3034 0.0138  0.0293 0.30 0.3207 0.0108  0.0310
0.40 0.4266 0.0147  0.0412 0.40 0.4187 0.0160  0.0404 0.40 0.4230 0.0123  0.0408
0.50 0.6637 0.0182  0.0641 0.50 0.6317 0.0201  0.0610 0.50 0.6493 0.0153  0.0627
0.60 0.9667 0.0225 0.0934 0.60 0.9244 0.0258  0.0892 0.60 0.9484 0.0192  0.0916
0.70 1.2590 0.0272  0.1216 0.70 1.0857 0.0305 0.1048 0.70 1.1823 0.0230 0.1142
0.80 1.5869 0.0313  0.1533 0.80 1.4786 0.0426  0.1427 0.80 1.5488 0.0284  0.1496
0.88 1.4846 0.1412  0.1434 0.88 1.6969 0.1242  0.1637 0.88 1.6042 0.1054  0.1549
2.270 GeV < /5 < 2.280 GeV
-0.89 0.1834 0.0524 0.0177 -0.89 0.1834 0.0636  0.0177
-0.80 0.1953 0.0232  0.0189 -0.80 0.1953 0.0281  0.0189
-0.70 0.1739 0.0125 0.0168 -0.70 0.1739 0.0151  0.0168
-0.60 0.1363 0.0103  0.0132 -0.60 0.1473 0.0321  0.0142 -0.60 0.1374 0.0106  0.0133
-0.50 0.1186 0.0089  0.0115 -0.50 0.1202 0.0178 0.0116 -0.50 0.1190 0.0088  0.0115
-0.40 0.1060 0.0079  0.0103 -0.40 0.1082 0.0134 0.0105 -0.40 0.1066 0.0076  0.0103
-0.30 0.0946 0.0074  0.0091 -0.30 0.0949 0.0104 0.0092 -0.30 0.0947 0.0068  0.0092
-0.20 0.0933 0.0081  0.0090 -0.20 0.1047 0.0114 0.0101 -0.20 0.0971 0.0074  0.0094
-0.10 0.1093 0.0085 0.0106 -0.10 0.1043 0.0102  0.0101 -0.10 0.1073 0.0074 0.0104
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0.00 0.1336 0.0109 0.0129 0.00 0.1650 0.0163  0.0159 0.00 0.1433 0.0102 0.0139
0.10 0.1558 0.0086 0.0151 0.10 0.1626 0.0108 0.0157 0.10 0.1585 0.0076  0.0153
0.20 0.2086 0.0098  0.0202 0.20 0.2193 0.0120 0.0212 0.20 0.2128 0.0086  0.0206
0.30 0.2830 0.0120 0.0274 0.30 0.3352 0.0150 0.0324 0.30 0.3034 0.0106  0.0293
0.40 0.4299 0.0151 0.0416 0.40 0.4283 0.0168 0.0414 0.40 0.4292 0.0127  0.0415
0.50 0.6237 0.0174  0.0603 0.50 0.5871 0.0196  0.0567 0.50 0.6076 0.0147  0.0587
0.60 0.9189  0.0224  0.0889 0.60 0.8767  0.0254  0.0847 0.60 0.9005  0.0190  0.0870
0.70 1.2821  0.0286  0.1240 0.70 1.1714  0.0329 0.1132 0.70 1.2345  0.0244 0.1193
0.80 1.5288 0.0301 0.1479 0.80 1.5812 0.0455 0.1528 0.80 1.5447 0.0281 0.1493
0.88 1.7267 0.0603 0.1670 0.88 1.4794 0.1160 0.1429 0.88 1.6741 0.0593 0.1619
2.280 GeV < \/g < 2.290 GeV
20.80 0.1978 _ 0.0211 0.0192 20.80 0.1978 _ 0.0255 0.0192
-0.70 0.1492 0.0160 0.0144 -0.70 0.1492 0.0193 0.0144
-0.60 0.1354 0.0203 0.0131 -0.60 0.1757 0.0358 0.0170 -0.60 0.1452 0.0197 0.0141
-0.50 0.0926 0.0190  0.0090 -0.50 0.1237 0.0175 0.0120 -0.50 0.1094 0.0146  0.0106
-0.40 0.0980 0.0074  0.0095 -0.40 0.0949 0.0119  0.0092 -0.40 0.0971 0.0071 0.0094
-0.30 0.0811 0.0068  0.0078 -0.30 0.0776 0.0093  0.0075 -0.30 0.0799 0.0062  0.0077
-0.20 0.0889 0.0076  0.0086 -0.20 0.0972 0.0110 0.0094 -0.20 0.0916 0.0070  0.0089
-0.10 0.1177  0.0089 0.0114 | -0.10 0.1142  0.0105 0.0110 | -0.10 0.1162  0.0077 0.0112
0.00 0.1082 0.0091 0.0105 0.00 0.1013 0.0114  0.0098 0.00 0.1056 0.0080 0.0102
0.10 0.1364 0.0079 0.0132 0.10 0.1403 0.0099 0.0136 0.10 0.1379 0.0069 0.0134
0.20 0.2300 0.0099 0.0223 0.20 0.2196 0.0118 0.0212 0.20 0.2257 0.0086  0.0218
0.30 0.3076 0.0126  0.0298 0.30 0.2891 0.0134  0.0280 0.30 0.2989 0.0104 0.0289
0.40 0.3857 0.0137 0.0374 0.40 0.3601 0.0147  0.0348 0.40 0.3738 0.0114  0.0362
0.50 0.5831 0.0164  0.0565 0.50 0.5802 0.0187 0.0561 0.50 0.5818 0.0139  0.0563
0.60 0.8506 0.0211 0.0824 0.60 0.8388 0.0244  0.0811 0.60 0.8456 0.0180 0.0818
0.70 1.1271 0.0253  0.1091 0.70 1.0985 0.0305 0.1063 0.70 1.1154 0.0220 0.1080
0.80 1.4595  0.0294 0.1413 0.80 1.4404  0.0412 0.1393 0.80 1.4531  0.0269 0.1407
0.88 1.6024 0.0526  0.1552 0.88 1.5322 0.1097  0.1482 0.88 1.5893 0.0524  0.1539
2.290 GeV < /s < 2.300 GeV
-0.89 0.2090 0.0830  0.0203 -0.89 0.2090 0.1006  0.0203
-0.80 0.1884 0.0218 0.0183 -0.80 0.1884 0.0264 0.0183
-0.70 0.1544  0.0113  0.0150 -0.70 0.1544  0.0138  0.0150
-0.60 0.1161 0.0093 0.0113 -0.60 0.1250 0.0267 0.0121 -0.60 0.1171 0.0095 0.0113
-0.50 0.0948 0.0077  0.0092 -0.50 0.1088 0.0162 0.0105 -0.50 0.0974 0.0077  0.0094
-0.40 0.0955 0.0075  0.0093 -0.40 0.1169 0.0139 0.0113 -0.40 0.1004 0.0074  0.0097
-0.30 0.0787 0.0066 0.0076 -0.30 0.0939 0.0103  0.0091 -0.30 0.0831 0.0062 0.0081
-0.20 0.0876 0.0076  0.0085 -0.20 0.0937 0.0107  0.0091 -0.20 0.0896 0.0070  0.0087
-0.10 0.0852 0.0077  0.0083 -0.10 0.0840 0.0087 0.0081 -0.10 0.0847 0.0065 0.0082
0.00 0.1121  0.0097 0.0109 0.00 0.1425  0.0142  0.0138 0.00 0.1218  0.0090 0.0118
0.10 0.1297 0.0075 0.0126 0.10 0.1544 0.0103  0.0150 0.10 0.1383 0.0068 0.0134
0.20 0.1940 0.0091 0.0188 0.20 0.1949 0.0111 0.0189 0.20 0.1943 0.0079 0.0188
0.30 0.2466 0.0108 0.0239 0.30 0.2491 0.0122  0.0241 0.30 0.2477 0.0091 0.0240
0.40 0.3965 0.0141 0.0384 0.40 0.3906 0.0155 0.0378 0.40 0.3938 0.0118 0.0382
0.50 0.5571 0.0160  0.0540 0.50 0.5433 0.0184 0.0526 0.50 0.5512 0.0137  0.0534
0.60 0.7779 0.0195 0.0754 0.60 0.7783 0.0229 0.0754 0.60 0.7780 0.0168 0.0754
0.70 1.1448  0.0255 0.1110 0.70 1.1154  0.0313  0.1080 0.70 1.1331  0.0223  0.1098
0.80 1.4536 0.0292  0.1409 0.80 1.3889 0.0405 0.1345 0.80 1.4314 0.0266  0.1387
0.88 1.3224 0.0466  0.1282 0.88 1.3093 0.0998 0.1268 0.88 1.3201 0.0465 0.1280
2.300 GeV < /5 < 2.310 GeV
-0.89 0.2423 0.0554  0.0235 -0.89 0.2423 0.0671 0.0235
-0.80 0.1720  0.0196 0.0167 -0.80 0.1720  0.0237  0.0167
-0.70 0.1480 0.0108 0.0144 -0.70 0.1480 0.0131 0.0144
-0.60 0.1038 0.0084 0.0101 -0.60 0.1038 0.0102 0.0101
-0.50 0.0949 0.0087  0.0092 -0.50 0.0911 0.0146  0.0088 -0.50 0.0939 0.0084 0.0091
-0.40 0.0806 0.0065 0.0078 -0.40 0.0961 0.0118  0.0093 -0.40 0.0843 0.0064 0.0082
-0.30 0.0887 0.0067  0.0086 -0.30 0.1047 0.0105 0.0102 -0.30 0.0933 0.0063  0.0091
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-0.20 0.0828 0.0070  0.0080 -0.20 0.1206 0.0115 0.0117 -0.20 0.0931 0.0067  0.0090
-0.10 0.0953 0.0083  0.0092 -0.10 0.0974 0.0102  0.0094 -0.10 0.0961 0.0073  0.0093
0.00 0.1232 0.0102  0.0120 0.00 0.1427 0.0134 0.0138 0.00 0.1303 0.0091  0.0126
0.10 0.1362 0.0076  0.0132 0.10 0.1425 0.0096 0.0138 0.10 0.1387 0.0067 0.0135
0.20 0.1871 0.0086  0.0182 0.20 0.1718 0.0098  0.0167 0.20 0.1804 0.0073  0.0175
0.30 0.2468 0.0104  0.0240 0.30 0.2360 0.0117  0.0229 0.30 0.2420 0.0088  0.0235
0.40 0.3580 0.0131  0.0347 0.40 0.3367 0.0137  0.0327 0.40 0.3479 0.0107  0.0338
0.50 0.5268 0.0152  0.0511 0.50 0.5463 0.0176  0.0530 0.50 0.5352 0.0130 0.0519
0.60 0.8014 0.0202 0.0778 0.60 0.7850 0.0229 0.0761 0.60 0.7943 0.0171  0.0771
0.70 1.0696 0.0246 0.1038 0.70 1.0909 0.0294  0.1058 0.70 1.0784 0.0213  0.1046
0.80 1.4387 0.0282  0.1396 0.80 1.5174 0.0406  0.1471 0.80 1.4643 0.0260 0.1421
0.88 1.4526 0.0480  0.1410 0.88 1.5126 0.1006  0.1467 0.88 1.4637 0.0478  0.1420
2.310 GeV < /5 < 2.320 GeV
-0.89 0.1624 0.0405 0.0158 -0.89 0.1624 0.0491  0.0158
-0.80 0.2208 0.0249  0.0215 -0.80 0.2208 0.0301  0.0215
-0.70 0.1301 0.0105 0.0126 -0.70 0.1301 0.0128 0.0126
-0.60 0.1060 0.0090 0.0103 -0.59 0.1433 0.0351  0.0139 -0.60 0.1084 0.0093  0.0105
-0.50 0.0776 0.0070  0.0075 -0.50 0.0800 0.0139 0.0078 -0.50 0.0781 0.0070  0.0076
-0.40 0.0759 0.0066  0.0074 -0.40 0.0961 0.0123  0.0093 -0.40 0.0805 0.0065 0.0078
-0.30 0.0768 0.0066  0.0075 -0.30 0.0826 0.0096  0.0080 -0.30 0.0786 0.0061  0.0076
-0.20 0.0631 0.0064 0.0061 -0.20 0.0780 0.0094 0.0076 -0.20 0.0678 0.0059  0.0066
-0.10 0.0767 0.0081  0.0075 -0.10 0.1017 0.0108  0.0099 -0.10 0.0857 0.0073  0.0083
0.00 0.0907 0.0082  0.0088 0.00 0.1036 0.0111  0.0101 0.00 0.0953 0.0074  0.0093
0.10 0.1251 0.0077  0.0122 0.10 0.1243 0.0093 0.0121 0.10 0.1248 0.0067  0.0121
0.20 0.1813 0.0089 0.0176 0.20 0.1752 0.0106  0.0170 0.20 0.1788 0.0077  0.0174
0.30 0.2019 0.0099  0.0196 0.30 0.2019 0.0113  0.0196 0.30 0.2019 0.0084  0.0196
0.40 0.3133 0.0126  0.0304 0.40 0.3132 0.0137  0.0304 0.40 0.3132 0.0105 0.0304
0.50 0.4736 0.0149  0.0460 0.50 0.4461 0.0164 0.0433 0.50 0.4611 0.0125  0.0448
0.60 0.7112 0.0195 0.0691 0.60 0.6889 0.0224  0.0669 0.60 0.7016 0.0166  0.0682
0.70 0.9486 0.0228  0.0922 0.70 0.9882 0.0290 0.0959 0.70 0.9638 0.0202  0.0936
0.80 1.3712 0.0286 0.1333 0.80 1.3082 0.0389  0.1270 0.80 1.3491 0.0259 0.1311
0.88 1.3645 0.0514 0.1326 0.88 1.2902 0.0955 0.1253 0.88 1.3479 0.0502  0.1310
2.320 GeV < /s < 2.330 GeV
-0.80 0.1683 0.0206 0.0164 -0.80 0.1683 0.0249 0.0164
-0.70 0.1229 0.0100 0.0120 -0.70 0.1229 0.0121  0.0120
-0.60 0.1030 0.0089  0.0100 -0.60 0.1403 0.0283  0.0136 -0.60 0.1064 0.0091  0.0103
-0.50 0.0834 0.0074  0.0081 -0.50 0.1271 0.0176  0.0124 -0.50 0.0899 0.0075  0.0088
-0.40 0.0653 0.0060  0.0064 -0.40 0.0905 0.0120  0.0088 -0.40 0.0704 0.0059  0.0068
-0.30 0.0714 0.0064  0.0069 -0.30 0.0929 0.0107  0.0090 -0.30 0.0771 0.0061  0.0075
-0.20 0.0693 0.0067  0.0067 -0.20 0.0841 0.0099  0.0082 -0.20 0.0740 0.0063  0.0072
-0.10 0.0950 0.0089  0.0092 -0.10 0.0935 0.0104  0.0091 -0.10 0.0944 0.0076  0.0092
0.00 0.1049 0.0089  0.0102 0.00 0.0939 0.0104 0.0091 0.00 0.1002 0.0076  0.0097
0.10 0.1058 0.0070  0.0103 0.10 0.1104 0.0088  0.0107 0.10 0.1076 0.0062  0.0105
0.20 0.1603 0.0082 0.0156 0.20 0.1627 0.0100 0.0158 0.20 0.1613 0.0071  0.0157
0.30 0.1983 0.0099  0.0193 0.30 0.2214 0.0117  0.0215 0.30 0.2079 0.0085  0.0202
0.40 0.3206 0.0128  0.0312 0.40 0.3310 0.0141  0.0322 0.40 0.3253 0.0107  0.0316
0.50 0.4883 0.0150  0.0475 0.50 0.4518 0.0167  0.0439 0.50 0.4720 0.0126  0.0459
0.60 0.7353 0.0203 0.0715 0.60 0.7041 0.0227  0.0684 0.60 0.7214 0.0171  0.0702
0.70 0.9968 0.0236  0.0970 0.70 0.9070 0.0274  0.0882 0.70 0.9586 0.0202  0.0932
0.80 1.3560 0.0381  0.1319 0.80 1.3108 0.0383  0.1274 0.80 1.3336 0.0306  0.1297
0.88 1.2900 0.0545 0.1255 0.88 1.5720 0.1049 0.1528 0.88 1.3499 0.0536 0.1313
2.330 GeV < /s < 2.340 GeV
-0.80 0.1481 0.0186 0.0144 -0.80 0.1481 0.0225 0.0144
-0.70 0.1161 0.0099 0.0113 -0.70 0.1161 0.0120 0.0113
-0.60 0.1001 0.0087  0.0097 -0.60 0.0940 0.0292  0.0092 -0.60 0.0996 0.0089  0.0097
-0.50 0.0783 0.0070  0.0076 -0.50 0.0698 0.0129  0.0068 -0.50 0.0763 0.0069 0.0074
-0.40 0.0670 0.0062  0.0065 -0.40 0.0924 0.0126  0.0090 -0.40 0.0720 0.0061  0.0070
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-0.30 0.0786 0.0069  0.0077 -0.30 0.0692 0.0090 0.0067 -0.30 0.0751 0.0062  0.0073
-0.20 0.0677 0.0065 0.0066 -0.20 0.0811 0.0098  0.0079 -0.20 0.0718 0.0061  0.0070
-0.10 0.0821 0.0083  0.0080 -0.10 0.0862 0.0101  0.0084 -0.10 0.0837 0.0073  0.0082
0.00 0.0849 0.0077  0.0083 0.00 0.0995 0.0106  0.0097 0.00 0.0899 0.0070  0.0088
0.10 0.0980 0.0067  0.0095 0.10 0.1081 0.0087  0.0105 0.10 0.1018 0.0059  0.0099
0.20 0.1471 0.0079  0.0143 0.20 0.1403 0.0094 0.0137 0.20 0.1442 0.0068  0.0140
0.30 0.1951 0.0098  0.0190 0.30 0.1936 0.0108 0.0188 0.30 0.1944 0.0082 0.0189
0.40 0.2744 0.0126  0.0267 0.40 0.2898 0.0131  0.0282 0.40 0.2818 0.0103  0.0274
0.50 0.4740 0.0173  0.0462 0.50 0.4467 0.0166  0.0435 0.50 0.4598 0.0136  0.0448
0.60 0.6832 0.0217  0.0666 0.60 0.6447 0.0219  0.0627 0.60 0.6642 0.0174  0.0647
0.70 0.9916 0.0240 0.0966 0.70 0.9853 0.0295 0.0959 0.70 0.9891 0.0210 0.0963
0.80 1.3452 0.0286  0.1310 0.80 1.3185 0.0389  0.1283 0.80 1.3358 0.0259 0.1301
0.88 1.2929 0.0468  0.1260 0.88 1.2146 0.0837 0.1182 0.88 1.2743 0.0455 0.1241
2.340 GeV < /s < 2.350 GeV
-0.80 0.1492 0.0186  0.0146 -0.80 0.1492 0.0226  0.0146
-0.70 0.1168 0.0099 0.0114 -0.70 0.1168 0.0121  0.0114
-0.60 0.0825 0.0078  0.0081 -0.60 0.1153 0.0278  0.0112 -0.60 0.0849 0.0081  0.0083
-0.50 0.0872 0.0079  0.0085 -0.50 0.0847 0.0141  0.0083 -0.50 0.0866 0.0077  0.0084
-0.40 0.0762 0.0069 0.0074 -0.40 0.0620 0.0101  0.0060 -0.40 0.0717 0.0064 0.0070
-0.30 0.0771 0.0066  0.0075 -0.30 0.0799 0.0099 0.0078 -0.30 0.0780 0.0062  0.0076
-0.20 0.0649 0.0065 0.0063 -0.20 0.0533 0.0076  0.0052 -0.20 0.0600 0.0056  0.0058
-0.10 0.0781 0.0085  0.0076 -0.10 0.0794 0.0098  0.0077 -0.10 0.0787 0.0073  0.0077
0.00 0.0887 0.0075  0.0087 0.00 0.0893 0.0098  0.0087 0.00 0.0889 0.0067  0.0087
0.10 0.1105 0.0070  0.0108 0.10 0.1258 0.0094 0.0123 0.10 0.1160 0.0063  0.0113
0.20 0.1219 0.0074  0.0119 0.20 0.1358 0.0094 0.0132 0.20 0.1272 0.0066 0.0124
0.30 0.1756 0.0093 0.0171 0.30 0.1719 0.0102  0.0168 0.30 0.1739 0.0078  0.0170
0.40 0.2656 0.0131  0.0259 0.40 0.2575 0.0124  0.0251 0.40 0.2613 0.0102  0.0255
0.50 0.4427 0.0145  0.0432 0.50 0.4165 0.0163  0.0406 0.50 0.4311 0.0122  0.0420
0.60 0.6911 0.0202 0.0674 0.60 0.7074 0.0237  0.0689 0.60 0.6979 0.0174  0.0680
0.70 0.9497 0.0235 0.0926 0.70 0.9267 0.0279  0.0903 0.70 0.9401 0.0203  0.0917
0.80 1.2759 0.0276  0.1244 0.80 1.2817 0.0371  0.1249 0.80 1.2779 0.0249  0.1246
0.88 1.2433 0.0480 0.1213 0.88 1.3286 0.0966  0.1295 0.88 1.2602 0.0475  0.1229
2.350 GeV < /s < 2.360 GeV
-0.80 0.1304 0.0168  0.0127 -0.80 0.1304 0.0204 0.0127
-0.70 0.1064 0.0096 0.0104 -0.70 0.1064 0.0117  0.0104
-0.60 0.0904 0.0081  0.0088 -0.60 0.0854 0.0254  0.0083 -0.60 0.0900 0.0084  0.0088
-0.50 0.0707 0.0066  0.0069 -0.50 0.0918 0.0148  0.0090 -0.50 0.0742 0.0067  0.0072
-0.40 0.0824 0.0067  0.0080 -0.40 0.0853 0.0115  0.0083 -0.40 0.0831 0.0064  0.0081
-0.30 0.0740 0.0066  0.0072 -0.30 0.0842 0.0098  0.0082 -0.30 0.0772 0.0062  0.0075
-0.20 0.0712 0.0065 0.0070 -0.20 0.0757 0.0087 0.0074 -0.20 0.0728 0.0059 0.0071
-0.10 0.0855 0.0091  0.0084 -0.10 0.0971 0.0105  0.0095 -0.10 0.0905 0.0078  0.0088
0.00 0.0919 0.0075  0.0090 0.00 0.0957 0.0101  0.0093 0.00 0.0932 0.0068  0.0091
0.10 0.1058 0.0066  0.0103 0.10 0.0859 0.0072  0.0084 0.10 0.0967 0.0055 0.0094
0.20 0.1285 0.0073  0.0125 0.20 0.1418 0.0092 0.0138 0.20 0.1336 0.0065 0.0130
0.30 0.1772 0.0189  0.0173 0.30 0.1791 0.0102  0.0175 0.30 0.1787 0.0099 0.0174
0.40 0.2565 0.0112  0.0251 0.40 0.2901 0.0128  0.0283 0.40 0.2711 0.0095 0.0265
0.50 0.4355 0.0141  0.0425 0.50 0.4310 0.0156  0.0420 0.50 0.4335 0.0118 0.0423
0.60 0.7256 0.0197  0.0709 0.60 0.7262 0.0226  0.0709 0.60 0.7259 0.0168  0.0709
0.70 1.0623 0.0244  0.1037 0.70 1.0064 0.0292  0.0982 0.70 1.0393 0.0211  0.1015
0.80 1.4404 0.0293  0.1407 0.80 1.3808 0.0369  0.1347 0.80 1.4173 0.0259 0.1384
0.88 1.4329 0.0558  0.1399 0.88 1.5760 0.1144  0.1538 0.88 1.4605 0.0554 0.1426
2.360 GeV < /s < 2.370 GeV
-0.89 0.1408 0.0397  0.0138 -0.89 0.1408 0.0481  0.0138
-0.80 0.1397 0.0188 0.0137 -0.80 0.1397 0.0227  0.0137
-0.70 0.1108 0.0101  0.0108 -0.70 0.1108 0.0122  0.0108
-0.60 0.0866 0.0086  0.0085 -0.60 0.1097 0.0306  0.0107 -0.60 0.0883 0.0088  0.0086
-0.50 0.0669 0.0078  0.0065 -0.50 0.0808 0.0143  0.0079 -0.50 0.0701 0.0076  0.0069
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-0.40 0.0673 0.0064  0.0066 -0.40 0.0658 0.0105  0.0064 -0.40 0.0669 0.0062  0.0065
-0.30 0.0692 0.0067  0.0068 -0.30 0.0677 0.0095  0.0066 -0.30 0.0687 0.0062  0.0067
-0.20 0.0622 0.0066  0.0061 -0.20 0.0968 0.0110  0.0095 -0.20 0.0714 0.0063  0.0070
-0.10 0.0904 0.0097  0.0088 -0.10 0.0720 0.0097  0.0070 -0.10 0.0812 0.0078  0.0079
0.00 0.0823 0.0071  0.0080 0.00 0.0900 0.0100  0.0088 0.00 0.0849 0.0065  0.0083
0.10 0.0932 0.0068  0.0091 0.10 0.1069 0.0092 0.0104 0.10 0.0980 0.0062  0.0096
0.20 0.1248 0.0076  0.0122 0.20 0.1353 0.0097 0.0132 0.20 0.1288 0.0068 0.0126
0.30 0.1655 0.0094 0.0162 0.30 0.1723 0.0109 0.0168 0.30 0.1684 0.0080 0.0165
0.40 0.2798 0.0126  0.0274 0.40 0.2815 0.0138  0.0275 0.40 0.2806 0.0105 0.0274
0.50 0.4380 0.0159  0.0428 0.50 0.4489 0.0173  0.0439 0.50 0.4430 0.0133 0.0433
0.60 0.6707 0.0237  0.0656 0.60 0.7156 0.0243  0.0699 0.60 0.6926 0.0192  0.0677
0.70 1.0782 0.0278 0.1054 0.70 1.0615 0.0319 0.1037 0.70 1.0710 0.0237  0.1047
0.80 1.3919 0.0302 0.1361 0.80 1.3048 0.0378  0.1275 0.80 1.3580 0.0266  0.1327
0.88 1.4407 0.0616  0.1409 0.88 1.5430 0.1481 0.1507 0.88 1.4558 0.0622 0.1423
2.370 GeV < /s < 2.380 GeV
-0.80 0.1385 0.0179  0.0136 -0.80 0.1385 0.0217  0.0136
-0.70 0.1028 0.0092 0.0101 -0.70 0.1028 0.0112  0.0101
-0.60 0.0799 0.0075  0.0078 -0.60 0.1103 0.0287 0.0108 -0.60 0.0819 0.0077  0.0080
-0.50 0.0700 0.0065  0.0069 -0.50 0.0866 0.0142  0.0085 -0.50 0.0729 0.0065  0.0071
-0.40 0.0660 0.0061  0.0065 -0.40 0.0644 0.0096  0.0063 -0.40 0.0655 0.0057  0.0064
-0.30 0.0621 0.0059  0.0061 -0.30 0.0570 0.0084  0.0056 -0.30 0.0604 0.0055  0.0059
-0.20 0.0507 0.0055  0.0050 -0.20 0.0619 0.0080  0.0061 -0.20 0.0543 0.0051  0.0053
-0.10 0.0854 0.0088  0.0084 -0.10 0.1256 0.0149 0.0123 -0.10 0.0958 0.0085  0.0094
0.00 0.0806 0.0067  0.0079 0.00 0.0930 0.0092  0.0091 0.00 0.0849 0.0061  0.0083
0.10 0.1030 0.0077  0.0101 0.10 0.1019 0.0083  0.0100 0.10 0.1025 0.0064  0.0100
0.20 0.1084 0.0067 0.0106 0.20 0.1285 0.0090 0.0126 0.20 0.1156 0.0060 0.0113
0.30 0.1619 0.0087  0.0159 0.30 0.1960 0.0107 0.0192 0.30 0.1754 0.0076  0.0172
0.40 0.2272 0.0105  0.0222 0.40 0.2474 0.0118  0.0242 0.40 0.2362 0.0089 0.0231
0.50 0.4072 0.0141  0.0399 0.50 0.4265 0.0159  0.0417 0.50 0.4157 0.0119  0.0407
0.60 0.6562 0.0193  0.0642 0.60 0.6677 0.0218 0.0653 0.60 0.6612 0.0163  0.0647
0.70 1.0564 0.0249 0.1034 0.70 0.9971 0.0291  0.0975 0.70 1.0314 0.0214  0.1009
0.80 1.3412 0.0287 0.1313 0.80 1.2741 0.0347 0.1246 0.80 1.3140 0.0250 0.1286
0.88 1.4297 0.0605  0.1400 0.88 1.7757 0.1409 0.1737 0.88 1.4835 0.0609 0.1452
2.380 GeV < /s < 2.390 GeV
-0.80 0.1100 0.0166  0.0108 -0.80 0.1100 0.0201  0.0108
-0.70 0.0911 0.0088  0.0089 -0.70 0.0911 0.0107  0.0089
-0.60 0.0726 0.0076  0.0071 -0.60 0.0971 0.0302  0.0095 -0.60 0.0741 0.0078  0.0073
-0.50 0.0692 0.0069  0.0068 -0.50 0.0699 0.0134  0.0068 -0.50 0.0693 0.0068  0.0068
-0.40 0.0578 0.0059  0.0057 -0.40 0.0611 0.0102  0.0060 -0.40 0.0586 0.0057  0.0057
-0.30 0.0566 0.0061 0.0056 -0.30 0.0733 0.0097  0.0072 -0.30 0.0613 0.0058  0.0060
-0.20 0.0652 0.0066  0.0064 -0.20 0.0912 0.0110  0.0089 -0.20 0.0722 0.0063  0.0071
-0.10 0.0491 0.0067  0.0048 -0.10 0.0841 0.0114  0.0082 -0.10 0.0581 0.0064  0.0057
0.00 0.0759 0.0067  0.0074 0.00 0.0876 0.0094  0.0086 0.00 0.0798 0.0061  0.0078
0.10 0.0727 0.0058  0.0071 0.10 0.0819 0.0075  0.0080 0.10 0.0761 0.0052  0.0075
0.20 0.0979 0.0067  0.0096 0.20 0.1156 0.0088 0.0113 0.20 0.1044 0.0060  0.0102
0.30 0.1399 0.0087 0.0137 0.30 0.1546 0.0099 0.0151 0.30 0.1463 0.0074 0.0143
0.40 0.2043 0.0111 0.0200 0.40 0.2187 0.0118 0.0214 0.40 0.2111 0.0092  0.0207
0.50 0.3771 0.0170  0.0370 0.50 0.3707 0.0158  0.0363 0.50 0.3737 0.0131  0.0366
0.60 0.5566 0.0214  0.0546 0.60 0.5354 0.0204 0.0524 0.60 0.5455 0.0167 0.0534
0.70 0.8549 0.0253  0.0838 0.70 0.9155 0.0290 0.0896 0.70 0.8811 0.0215  0.0863
0.80 1.1635 0.0305 0.1140 0.80 1.1384 0.0346 0.1115 0.80 1.1525 0.0258 0.1129
0.88 1.2865 0.0606  0.1261 0.88 1.1137 0.0837  0.1091 0.88 1.2270 0.0552  0.1202
2.390 GeV < /s < 2.400 GeV
-0.80 0.1130 0.0184 0.0111 -0.80 0.1130 0.0223 0.0111
-0.70 0.1006 0.0100  0.0099 -0.70 0.1006 0.0122  0.0099
-0.60 0.0718 0.0082  0.0070 -0.59 0.0974 0.0302  0.0095 -0.60 0.0735 0.0084 0.0072
-0.50 0.0471 0.0059  0.0046 -0.50 0.0430 0.0102  0.0042 -0.50 0.0461 0.0057  0.0045
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-0.40 0.0521 0.0058  0.0051 -0.40 0.0730 0.0113  0.0072 -0.40 0.0565 0.0058  0.0055
-0.30 0.0587 0.0065 0.0058 -0.30 0.0734 0.0104 0.0072 -0.30 0.0629 0.0062  0.0062
-0.20 0.0618 0.0068  0.0061 -0.20 0.0805 0.0098  0.0079 -0.20 0.0678 0.0063  0.0067
-0.10 0.0717 0.0087  0.0070 -0.10 0.0909 0.0118  0.0089 -0.10 0.0784 0.0079  0.0077
0.00 0.0651 0.0063  0.0064 0.00 0.0719 0.0080 0.0071 0.00 0.0677 0.0056  0.0066
0.10 0.0797 0.0066  0.0078 0.10 0.0792 0.0078  0.0078 0.10 0.0795 0.0057  0.0078
0.20 0.0749 0.0061  0.0073 0.20 0.0836 0.0075  0.0082 0.20 0.0783 0.0053  0.0077
0.30 0.1301 0.0087  0.0128 0.30 0.1438 0.0097  0.0141 0.30 0.1362 0.0073  0.0134
0.40 0.2177 0.0121 0.0214 0.40 0.2109 0.0117  0.0207 0.40 0.2142 0.0095 0.0210
0.50 0.3301 0.0142  0.0324 0.50 0.3637 0.0159  0.0357 0.50 0.3450 0.0120 0.0338
0.60 0.5747 0.0224  0.0564 0.60 0.6183 0.0227  0.0606 0.60 0.5962 0.0180 0.0585
0.70 0.8767 0.0402  0.0860 0.70 0.8563 0.0284  0.0840 0.70 0.8631 0.0261  0.0847
0.80 1.1460 0.0277  0.1125 0.80 1.1818 0.0362 0.1159 0.80 1.1592 0.0248  0.1137
0.88 1.3360 0.0688  0.1311 0.88 1.1148 0.0881  0.1093 0.88 1.2522 0.0612  0.1229
2.400 GeV < /s < 2.410 GeV
-0.80 0.1248 0.0187 0.0123 -0.80 0.1248 0.0227  0.0123
-0.70 0.0819 0.0093  0.0080 -0.70 0.0819 0.0113  0.0080
-0.60 0.0549 0.0072  0.0054 -0.60 0.0549 0.0087  0.0054
-0.50 0.0508 0.0065  0.0050 -0.50 0.0671 0.0146  0.0066 -0.50 0.0535 0.0065  0.0053
-0.40 0.0512 0.0061  0.0050 -0.40 0.0544 0.0100  0.0053 -0.40 0.0521 0.0058  0.0051
-0.30 0.0659 0.0074  0.0065 -0.30 0.0689 0.0108 0.0068 -0.30 0.0668 0.0069  0.0066
-0.20 0.0709 0.0076  0.0070 -0.20 0.0721 0.0095 0.0071 -0.20 0.0714 0.0067  0.0070
-0.10 0.0736 0.0098 0.0072 -0.10 0.0587 0.0106  0.0058 -0.10 0.0668 0.0082  0.0066
0.00 0.0602 0.0062  0.0059 0.00 0.0816 0.0093  0.0080 0.00 0.0668 0.0058  0.0066
0.10 0.0718 0.0067 0.0071 0.10 0.0873 0.0085  0.0086 0.10 0.0776 0.0059  0.0076
0.20 0.0769 0.0066  0.0076 0.20 0.0897 0.0081  0.0088 0.20 0.0821 0.0058  0.0081
0.30 0.1117 0.0081 0.0110 0.30 0.1211 0.0094 0.0119 0.30 0.1157 0.0069 0.0114
0.40 0.1890 0.0113 0.0186 0.40 0.2008 0.0120 0.0197 0.40 0.1945 0.0093 0.0191
0.50 0.3179 0.0136  0.0312 0.50 0.3625 0.0165 0.0356 0.50 0.3359 0.0119  0.0330
0.60 0.5172 0.0191  0.0508 0.60 0.5415 0.0220 0.0532 0.60 0.5276 0.0163  0.0518
0.70 0.8220 0.0235  0.0808 0.70 0.8293 0.0290 0.0814 0.70 0.8249 0.0206  0.0810
0.80 1.1072 0.0283 0.1088 0.80 1.2173 0.0378  0.1195 0.80 1.1468 0.0255  0.1127
0.88 1.0581 0.0641  0.1040 0.88 1.2496 0.1306  0.1227 0.88 1.0952 0.0636 0.1076
2.410 GeV < /s < 2.420 GeV
-0.80 0.1046 0.0155 0.0103 -0.80 0.1046 0.0187 0.0103
-0.70 0.0659 0.0082  0.0065 -0.70 0.0659 0.0099  0.0065
-0.60 0.0612 0.0074  0.0060 -0.59 0.0890 0.0289  0.0087 -0.60 0.0629 0.0077  0.0062
-0.50 0.0425 0.0056  0.0042 -0.50 0.0479 0.0115  0.0047 -0.50 0.0436 0.0056  0.0043
-0.40 0.0537 0.0059  0.0053 -0.40 0.0640 0.0105 0.0063 -0.40 0.0562 0.0057  0.0055
-0.30 0.0569 0.0064  0.0056 -0.30 0.0791 0.0111  0.0078 -0.30 0.0624 0.0062  0.0061
-0.20 0.0604 0.0064  0.0059 -0.20 0.0653 0.0085  0.0064 -0.20 0.0622 0.0058  0.0061
-0.10 0.0752 0.0094 0.0074 -0.10 0.0867 0.0122  0.0085 -0.10 0.0794 0.0084  0.0078
0.00 0.0570 0.0057  0.0056 0.00 0.0686 0.0077  0.0067 0.00 0.0612 0.0052  0.0060
0.10 0.0593 0.0054  0.0058 0.10 0.0670 0.0070  0.0066 0.10 0.0622 0.0048  0.0061
0.20 0.0761 0.0060  0.0075 0.20 0.0867 0.0075  0.0085 0.20 0.0802 0.0053  0.0079
0.30 0.1161 0.0076  0.0114 0.30 0.1366 0.0094 0.0134 0.30 0.1242 0.0067  0.0122
0.40 0.1843 0.0100  0.0181 0.40 0.1835 0.0105  0.0180 0.40 0.1839 0.0082  0.0181
0.50 0.3352 0.0135 0.0330 0.50 0.3578 0.0156  0.0352 0.50 0.3449 0.0115  0.0339
0.60 0.5593 0.0190  0.0550 0.60 0.6005 0.0219  0.0590 0.60 0.5770 0.0162  0.0567
0.70 0.8508 0.0227  0.0837 0.70 0.8625 0.0284 0.0848 0.70 0.8554 0.0200 0.0841
0.80 1.1785 0.0277  0.1160 0.80 1.1331 0.0337 0.1114 0.80 1.1602 0.0242 0.1141
0.88 1.2946 0.0820 0.1274 0.88 1.3639 0.1616  0.1341 0.88 1.3088 0.0810  0.1287
2.420 GeV < /s < 2.430 GeV
-0.80 0.1352 0.0190 0.0133 -0.80 0.1352 0.0231  0.0133
-0.70 0.0800 0.0081  0.0079 -0.70 0.0800 0.0098  0.0079
-0.60 0.0627 0.0068  0.0062 -0.60 0.0866 0.0278  0.0085 -0.60 0.0640 0.0070  0.0063
-0.50 0.0515 0.0057  0.0051 -0.50 0.0541 0.0111  0.0053 -0.50 0.0521 0.0056  0.0051
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-0.40 0.0497 0.0055  0.0049 -0.40 0.0604 0.0098  0.0059 -0.40 0.0522 0.0053  0.0051
-0.30 0.0540 0.0060 0.0053 -0.30 0.0643 0.0094 0.0063 -0.30 0.0570 0.0057  0.0056
-0.20 0.0487 0.0054  0.0048 -0.20 0.0638 0.0081  0.0063 -0.20 0.0534 0.0050  0.0053
-0.10 0.0673 0.0133  0.0066 -0.10 0.0641 0.0094 0.0063 -0.10 0.0652 0.0087  0.0064
0.00 0.0672 0.0145 0.0066 0.00 0.0786 0.0079  0.0077 0.00 0.0760 0.0077  0.0075
0.10 0.0787 0.0074  0.0078 0.10 0.0727 0.0071  0.0072 0.10 0.0756 0.0058  0.0074
0.20 0.0961 0.0063  0.0095 0.20 0.0927 0.0075  0.0091 0.20 0.0947 0.0055  0.0093
0.30 0.1172 0.0074  0.0115 0.30 0.1256 0.0087  0.0124 0.30 0.1207 0.0063  0.0119
0.40 0.1633 0.0088 0.0161 0.40 0.1790 0.0100 0.0176 0.40 0.1701 0.0075  0.0167
0.50 0.3184 0.0120 0.0314 0.50 0.3034 0.0131  0.0299 0.50 0.3116 0.0100  0.0307
0.60 0.5529 0.0179  0.0545 0.60 0.5565 0.0202  0.0548 0.60 0.5545 0.0151  0.0546
0.70 0.8687 0.0221  0.0856 0.70 0.8748 0.0275 0.0861 0.70 0.8711 0.0195 0.0858
0.80 1.2430 0.0347 0.1224 0.80 1.2403 0.0340 0.1221 0.80 1.2416 0.0275  0.1223
0.88 1.2835 0.0807 0.1264 0.88 2.0085 0.4853  0.1977 0.88 1.3030 0.0832 0.1284
2.430 GeV < /s < 2.440 GeV
-0.80 0.1210 0.0250 0.0119 -0.80 0.1210 0.0303 0.0119
-0.70 0.0778 0.0092  0.0077 -0.70 0.0778 0.0112  0.0077
-0.60 0.0453 0.0061  0.0045 -0.60 0.0453 0.0074  0.0045
-0.50 0.0549 0.0061  0.0054 -0.50 0.0613 0.0129  0.0060 -0.50 0.0561 0.0061  0.0055
-0.40 0.0553 0.0059  0.0055 -0.40 0.0522 0.0090 0.0051 -0.40 0.0544 0.0055  0.0054
-0.30 0.0616 0.0066  0.0061 -0.30 0.0700 0.0104 0.0069 -0.30 0.0640 0.0063  0.0063
-0.20 0.0640 0.0065 0.0063 -0.20 0.0708 0.0090 0.0070 -0.20 0.0664 0.0059  0.0065
-0.10 0.0579 0.0080 0.0057 -0.10 0.0606 0.0097  0.0060 -0.10 0.0590 0.0070  0.0058
0.00 0.0714 0.0066  0.0070 0.00 0.0795 0.0084 0.0078 0.00 0.0745 0.0059 0.0073
0.10 0.0589 0.0053  0.0058 0.10 0.0815 0.0077  0.0080 0.10 0.0660 0.0049  0.0065
0.20 0.0823 0.0063  0.0081 0.20 0.0871 0.0077  0.0086 0.20 0.0843 0.0055  0.0083
0.30 0.1166 0.0079  0.0115 0.30 0.1152 0.0086 0.0114 0.30 0.1159 0.0066  0.0114
0.40 0.1606 0.0092  0.0158 0.40 0.1678 0.0100 0.0165 0.40 0.1639 0.0077  0.0162
0.50 0.3229 0.0127  0.0318 0.50 0.3088 0.0139  0.0304 0.50 0.3165 0.0106  0.0312
0.60 0.5378 0.0181  0.0530 0.60 0.5371 0.0204 0.0529 0.60 0.5375 0.0153  0.0530
0.70 0.8036 0.0218  0.0793 0.70 0.8230 0.0271  0.0811 0.70 0.8112 0.0192  0.0800
0.80 1.2103 0.0292 0.1194 0.80 1.1543 0.0333  0.1137 0.80 1.1859 0.0248  0.1169
0.88 1.0043 0.0718  0.0991 0.88 1.3372 0.1984 0.1318 0.88 1.0428 0.0733  0.1028
2.440 GeV < /s < 2.450 GeV
-0.80 0.1236 0.0183 0.0122 -0.80 0.1236 0.0222  0.0122
-0.70 0.0625 0.0071  0.0062 -0.70 0.0625 0.0086  0.0062
-0.60 0.0439 0.0057  0.0043 -0.60 0.0439 0.0069  0.0043
-0.50 0.0493 0.0057  0.0049 -0.50 0.0535 0.0113  0.0053 -0.50 0.0502 0.0056  0.0050
-0.40 0.0406 0.0049  0.0040 -0.40 0.0470 0.0085  0.0046 -0.40 0.0422 0.0047  0.0042
-0.30 0.0469 0.0056  0.0046 -0.30 0.0606 0.0096  0.0060 -0.30 0.0503 0.0054  0.0050
-0.20 0.0676 0.0066  0.0067 -0.20 0.0486 0.0071  0.0048 -0.20 0.0588 0.0054  0.0058
-0.10 0.0634 0.0079  0.0063 -0.10 0.0780 0.0110  0.0077 -0.10 0.0683 0.0072  0.0067
0.00 0.0673 0.0059  0.0066 0.00 0.0795 0.0080 0.0078 0.00 0.0716 0.0053  0.0071
0.10 0.0577 0.0052  0.0057 0.10 0.0586 0.0066  0.0058 0.10 0.0580 0.0046  0.0057
0.20 0.0691 0.0053  0.0068 0.20 0.0834 0.0072  0.0082 0.20 0.0742 0.0048 0.0073
0.30 0.0997 0.0070  0.0098 0.30 0.1095 0.0082  0.0108 0.30 0.1038 0.0060 0.0103
0.40 0.1591 0.0091  0.0157 0.40 0.1669 0.0100  0.0165 0.40 0.1626 0.0076  0.0161
0.50 0.3120 0.0121  0.0308 0.50 0.3441 0.0145 0.0339 0.50 0.3252 0.0105 0.0321
0.60 0.5598 0.1444  0.0553 0.60 0.5608 0.0208 0.0553 0.60 0.5608 0.0214  0.0553
0.70 0.8561 0.1705  0.0846 0.70 0.9269 0.0291  0.0915 0.70 0.9249 0.0299 0.0913
0.80 1.2000 0.1873  0.1185 0.80 1.1483 0.0320 0.1133 0.80 1.1498 0.0330 0.1134
0.88 0.8536 0.2883  0.0843 0.88 0.9604 0.1063  0.0948 0.88 0.9476 0.1084  0.0935
2.450 GeV < /s < 2.460 GeV
-0.80 0.0981 0.0151  0.0097 -0.80 0.0981 0.0183  0.0097
-0.70 0.0667 0.0072  0.0066 -0.70 0.0667 0.0087  0.0066
-0.60 0.0451 0.0057  0.0045 -0.60 0.0451 0.0069  0.0045
-0.50 0.0394 0.0049  0.0039 -0.50 0.0564 0.0117  0.0056 -0.50 0.0419 0.0050  0.0041
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-0.40 0.0377 0.0044  0.0037 -0.40 0.0572 0.0096  0.0056 -0.40 0.0411 0.0044 0.0041
-0.30 0.0484 0.0056  0.0048 -0.30 0.0588 0.0092  0.0058 -0.30 0.0512 0.0053  0.0051
-0.20 0.0581 0.0058  0.0057 -0.20 0.0715 0.0083 0.0071 -0.20 0.0625 0.0054  0.0062
-0.10 0.0621 0.0077  0.0061 -0.10 0.0536 0.0086  0.0053 -0.10 0.0583 0.0065 0.0058
0.00 0.0533 0.0050  0.0053 0.00 0.0661 0.0069  0.0065 0.00 0.0577 0.0046  0.0057
0.10 0.0602 0.0050  0.0060 0.10 0.0760 0.0069  0.0075 0.10 0.0656 0.0045 0.0065
0.20 0.0761 0.0060 0.0075 0.20 0.0820 0.0069  0.0081 0.20 0.0786 0.0051  0.0078
0.30 0.1064 0.0073  0.0105 0.30 0.1118 0.0080 0.0110 0.30 0.1089 0.0061  0.0108
0.40 0.1461 0.0088 0.0144 0.40 0.1456 0.0087 0.0144 0.40 0.1458 0.0070  0.0144
0.50 0.3131 0.0122  0.0310 0.50 0.2926 0.0129  0.0289 0.50 0.3034 0.0101  0.0300
0.60 0.5144 0.0180  0.0509 0.60 0.5316 0.0197  0.0525 0.60 0.5222 0.0150 0.0516
0.70 0.7859 0.0208 0.0777 0.70 0.7915 0.0249 0.0782 0.70 0.7882 0.0180 0.0779
0.80 1.1578 0.0327 0.1145 0.80 1.1389 0.0310 0.1125 0.80 1.1478 0.0254 0.1134
0.88 0.8427 0.0779  0.0833 0.88 1.1469 0.3253 0.1133 0.88 0.8592 0.0804 0.0850
2.460 GeV < /s < 2.470 GeV
-0.80 0.0791 0.0131  0.0078 -0.80 0.0791 0.0158  0.0078
-0.70 0.0498 0.0117  0.0049 -0.70 0.0498 0.0142  0.0049
-0.60 0.0363 0.0056  0.0036 -0.60 0.0363 0.0067  0.0036
-0.50 0.0305 0.0048  0.0030 -0.50 0.0553 0.0128  0.0055 -0.50 0.0335 0.0049  0.0033
-0.40 0.0389 0.0050  0.0039 -0.40 0.0541 0.0096  0.0054 -0.40 0.0422 0.0049  0.0042
-0.30 0.0399 0.0057  0.0040 -0.30 0.0517 0.0092  0.0051 -0.30 0.0432 0.0054  0.0043
-0.20 0.0446 0.0057  0.0044 -0.20 0.0570 0.0082  0.0056 -0.20 0.0486 0.0052  0.0048
-0.10 0.0510 0.0073  0.0050 -0.10 0.0695 0.0109  0.0069 -0.10 0.0567 0.0068  0.0056
0.00 0.0493 0.0053  0.0049 0.00 0.0532 0.0071  0.0053 0.00 0.0507 0.0048  0.0050
0.10 0.0453 0.0048  0.0045 0.10 0.0691 0.0074  0.0068 0.10 0.0523 0.0045 0.0052
0.20 0.0696 0.0064  0.0069 0.20 0.0703 0.0071  0.0070 0.20 0.0699 0.0054 0.0069
0.30 0.0916 0.0071  0.0091 0.30 0.0973 0.0082  0.0096 0.30 0.0941 0.0061  0.0093
0.40 0.1475 0.0091 0.0146 0.40 0.1676 0.0103  0.0166 0.40 0.1563 0.0077  0.0155
0.50 0.2794 0.0133  0.0277 0.50 0.2705 0.0135 0.0268 0.50 0.2750 0.0107  0.0272
0.60 0.5301 0.0194  0.0525 0.60 0.5315 0.0212  0.0526 0.60 0.5307 0.0162  0.0525
0.70 0.7828 0.0219  0.0775 0.70 0.8250 0.0284 0.0816 0.70 0.7985 0.0195  0.0790
0.80 1.1267 0.0279 0.1116 0.80 1.1128 0.0332  0.1101 0.80 1.1210 0.0241  0.1109
0.87 1.1296 0.0481 0.1118 0.87 1.1047 0.0625 0.1093 0.87 1.1203 0.0430 0.1109
2.470 GeV < /s < 2.480 GeV
-0.80 0.0828 0.0142  0.0082 -0.80 0.0828 0.0172  0.0082
-0.70 0.0580 0.0073  0.0057 -0.70 0.0580 0.0089  0.0057
-0.60 0.0409 0.0057  0.0041 -0.60 0.0409 0.0069  0.0041
-0.50 0.0348 0.0047 0.0034 -0.50 0.0255 0.0079  0.0025 -0.50 0.0323 0.0045 0.0032
-0.40 0.0439 0.0053  0.0044 -0.40 0.0331 0.0073  0.0033 -0.40 0.0402 0.0048  0.0040
-0.30 0.0489 0.0059  0.0048 -0.30 0.0612 0.0103  0.0061 -0.30 0.0519 0.0057  0.0051
-0.20 0.0542 0.0058  0.0054 -0.20 0.0540 0.0078  0.0054 -0.20 0.0541 0.0053  0.0054
-0.10 0.0487 0.0068  0.0048 -0.10 0.0692 0.0110  0.0069 -0.10 0.0543 0.0064  0.0054
0.00 0.0557 0.0053  0.0055 0.00 0.0666 0.0072  0.0066 0.00 0.0595 0.0048  0.0059
0.10 0.0549 0.0051  0.0054 0.10 0.0534 0.0062  0.0053 0.10 0.0543 0.0044  0.0054
0.20 0.0603 0.0052  0.0060 0.20 0.0510 0.0058  0.0051 0.20 0.0561 0.0044  0.0056
0.30 0.0827 0.0062  0.0082 0.30 0.0861 0.0072  0.0085 0.30 0.0841 0.0053  0.0083
0.40 0.1389 0.0085 0.0138 0.40 0.1409 0.0089  0.0140 0.40 0.1399 0.0069  0.0139
0.50 0.2689 0.0117  0.0267 0.50 0.2663 0.0130  0.0264 0.50 0.2678 0.0098  0.0265
0.60 0.4824 0.0174  0.0478 0.60 0.4769 0.0192 0.0472 0.60 0.4799 0.0146  0.0476
0.70 0.8333 0.0222  0.0826 0.70 0.7825 0.0257  0.0775 0.70 0.8116 0.0190  0.0804
0.80 1.1719 0.0272  0.1162 0.80 1.1096 0.0303  0.1099 0.80 1.1442 0.0229 0.1134
0.87 1.1938 0.0485 0.1183 0.87 1.1938 0.0588  0.1183
2.480 GeV < /s < 2.490 GeV
-0.80 0.1023 0.0158  0.0102 -0.80 0.1023 0.0191  0.0102
-0.70 0.0644 0.0076  0.0064 -0.70 0.0644 0.0092  0.0064
-0.60 0.0517 0.0063  0.0051 -0.60 0.0517 0.0076  0.0051
-0.50 0.0327 0.0046  0.0032 -0.50 0.0279 0.0090  0.0028 -0.50 0.0317 0.0046  0.0031
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-0.40 0.0388 0.0047  0.0039 -0.39 0.0446 0.0093  0.0044 -0.40 0.0400 0.0047  0.0040
-0.30 0.0500 0.0058  0.0050 -0.30 0.0614 0.0096  0.0061 -0.30 0.0530 0.0056  0.0053
-0.20 0.0485 0.0054  0.0048 -0.20 0.0575 0.0076  0.0057 -0.20 0.0515 0.0050  0.0051
-0.10 0.0696 0.0081  0.0069 -0.10 0.0620 0.0097  0.0062 -0.10 0.0665 0.0070  0.0066
0.00 0.0451 0.0047  0.0045 0.00 0.0594 0.0069  0.0059 0.00 0.0497 0.0044  0.0049
0.10 0.0683 0.0056  0.0068 0.10 0.0674 0.0068  0.0067 0.10 0.0679 0.0048  0.0067
0.20 0.0623 0.0052  0.0062 0.20 0.0679 0.0064  0.0067 0.20 0.0646 0.0046  0.0064
0.30 0.0721 0.0059  0.0072 0.30 0.0936 0.0075  0.0093 0.30 0.0803 0.0053  0.0080
0.40 0.1284 0.0081 0.0127 0.40 0.1408 0.0088 0.0140 0.40 0.1342 0.0067 0.0133
0.50 0.2772 0.0121  0.0275 0.50 0.2634 0.0126  0.0261 0.50 0.2706 0.0099  0.0268
0.60 0.4908 0.0476  0.0487 0.60 0.5220 0.0202 0.0518 0.60 0.5173 0.0203 0.0513
0.70 0.7762 0.0401  0.0770 0.70 0.8679 0.0277  0.0861 0.70 0.8382 0.0256  0.0831
0.80 1.1966 0.0420 0.1188 0.80 1.1334 0.0312 0.1124 0.80 1.1559 0.0282 0.1147
0.87 1.2641 0.0500  0.1255 0.87 1.2641 0.0606  0.1255
2.490 GeV < /s < 2.500 GeV
-0.80 0.0802 0.0136  0.0080 -0.80 0.0802 0.0165  0.0080
-0.70 0.0491 0.0067  0.0049 -0.70 0.0491 0.0081  0.0049
-0.60 0.0333 0.0053  0.0033 -0.59 0.0689 0.0254  0.0068 -0.60 0.0347 0.0054  0.0035
-0.50 0.0267 0.0045  0.0027 -0.50 0.0308 0.0087  0.0031 -0.50 0.0276 0.0044  0.0027
-0.40 0.0285 0.0041  0.0028 -0.40 0.0339 0.0073  0.0034 -0.40 0.0298 0.0040  0.0030
-0.30 0.0406 0.0053  0.0040 -0.30 0.0361 0.0075 0.0036 -0.30 0.0391 0.0049 0.0039
-0.20 0.0375 0.0050  0.0037 -0.20 0.0459 0.0069  0.0046 -0.20 0.0404 0.0046  0.0040
-0.10 0.0536 0.0071  0.0053 -0.10 0.0596 0.0098  0.0059 -0.10 0.0556 0.0065  0.0055
0.00 0.0528 0.0053  0.0052 0.00 0.0709 0.0077  0.0070 0.00 0.0585 0.0049  0.0058
0.10 0.0504 0.0048  0.0050 0.10 0.0573 0.0062  0.0057 0.10 0.0530 0.0043 0.0053
0.20 0.0581 0.0051  0.0058 0.20 0.0597 0.0061  0.0059 0.20 0.0588 0.0044  0.0058
0.30 0.0768 0.0059  0.0076 0.30 0.0644 0.0062  0.0064 0.30 0.0709 0.0048 0.0070
0.40 0.1239 0.0080 0.0123 0.40 0.1383 0.0089 0.0137 0.40 0.1304 0.0068 0.0130
0.50 0.2562 0.0112  0.0255 0.50 0.2461 0.0125  0.0244 0.50 0.2517 0.0094  0.0250
0.60 0.4660 0.0171  0.0463 0.60 0.4664 0.0193  0.0463 0.60 0.4662 0.0144  0.0463
0.70 0.7129 0.0385  0.0709 0.70 0.7673 0.0255 0.0762 0.70 0.7507 0.0239 0.0746
0.80 1.0279 0.0289 0.1021 0.80 1.0279 0.0350 0.1021
0.87 1.1362 0.1440 0.1129 0.87 1.2152 0.0630  0.1207 0.87 1.2025 0.0634 0.1194
2.500 GeV < /s < 2.510 GeV
-0.80 0.0695 0.0119  0.0069 -0.80 0.0695 0.0144  0.0069
-0.70 0.0480 0.0064  0.0048 -0.70 0.0480 0.0078  0.0048
-0.60 0.0365 0.0054  0.0036 -0.60 0.0365 0.0065 0.0036
-0.50 0.0344 0.0049 0.0034 -0.50 0.0317 0.0107  0.0031 -0.50 0.0339 0.0049 0.0034
-0.40 0.0282 0.0041  0.0028 -0.40 0.0249 0.0061  0.0025 -0.40 0.0272 0.0038  0.0027
-0.30 0.0394 0.0054  0.0039 -0.29 0.0560 0.0108  0.0056 -0.30 0.0428 0.0054  0.0043
-0.20 0.0497 0.0065  0.0049 -0.20 0.0541 0.0076  0.0054 -0.20 0.0515 0.0056  0.0051
-0.10 0.0475 0.0066  0.0047 -0.10 0.0594 0.0097  0.0059 -0.10 0.0513 0.0062  0.0051
0.00 0.0364 0.0044  0.0036 0.00 0.0500 0.0064  0.0050 0.00 0.0408 0.0041  0.0041
0.10 0.0525 0.0050  0.0052 0.10 0.0577 0.0063  0.0057 0.10 0.0545 0.0044  0.0054
0.20 0.0584 0.0052  0.0058 0.20 0.0614 0.0062  0.0061 0.20 0.0596 0.0045  0.0059
0.30 0.0776 0.0060  0.0077 0.30 0.0830 0.0072  0.0083 0.30 0.0799 0.0052  0.0079
0.40 0.1288 0.0082 0.0128 0.40 0.1486 0.0093 0.0148 0.40 0.1374 0.0069 0.0137
0.50 0.2339 0.0112  0.0233 0.50 0.2643 0.0132  0.0263 0.50 0.2466 0.0097  0.0245
0.60 0.4463 0.0167  0.0444 0.60 0.4671 0.0188  0.0464 0.60 0.4555 0.0141  0.0453
0.70 0.7395 0.0209 0.0736 0.70 0.6943 0.0235  0.0690 0.70 0.7195 0.0177  0.0716
0.80 1.1083 0.0286  0.1103 0.80 1.1502 0.0319 0.1144 0.80 1.1269 0.0241 0.1121
0.87 1.2125 0.0522  0.1207 0.87 0.9718 0.0538  0.0966 0.87 1.0959 0.0424  0.1090
2,510 GeV < /s < 2.520 GeV
-0.80 0.0647 0.0114  0.0064 -0.80 0.0647 0.0138  0.0064
-0.70 0.0338 0.0053  0.0034 -0.70 0.0338 0.0064  0.0034
-0.60 0.0294 0.0047  0.0029 -0.60 0.0294 0.0057  0.0029
-0.50 0.0215 0.0038  0.0021 -0.50 0.0263 0.0083  0.0026 -0.50 0.0223 0.0038  0.0022
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-0.40 0.0249 0.0038  0.0025 -0.40 0.0422 0.0080 0.0042 -0.40 0.0281 0.0038  0.0028
-0.30 0.0369 0.0051 0.0037 -0.30 0.0382 0.0079  0.0038 -0.30 0.0373 0.0048 0.0037
-0.20 0.0360 0.0049 0.0036 -0.20 0.0499 0.0074  0.0050 -0.20 0.0403 0.0046  0.0040
-0.10 0.0439 0.0065 0.0044 -0.10 0.0438 0.0081 0.0044 -0.10 0.0439 0.0057  0.0044
0.00 0.0531 0.0054  0.0053 0.00 0.0446 0.0060  0.0044 0.00 0.0493 0.0045  0.0049
0.10 0.0454 0.0045 0.0045 0.10 0.0458 0.0057  0.0046 0.10 0.0456 0.0040 0.0045
0.20 0.0537 0.0049 0.0054 0.20 0.0562 0.0059 0.0056 0.20 0.0547 0.0042 0.0055
0.30 0.0627 0.0054  0.0063 0.30 0.0679 0.0063  0.0068 0.30 0.0649 0.0047  0.0065
0.40 0.1214 0.0076  0.0121 0.40 0.1080 0.0075 0.0108 0.40 0.1146 0.0061 0.0114
0.50 0.2357 0.0108 0.0235 0.50 0.2447 0.0121 0.0244 0.50 0.2397 0.0091 0.0239
0.60 0.4519 0.0168  0.0450 0.60 0.4692 0.0186  0.0467 0.60 0.4597 0.0141 0.0458
0.70 0.7312 0.0264  0.0729 0.70 0.7091 0.0239  0.0706 0.70 0.7191 0.0200 0.0716
0.80 1.0757 0.0283 0.1072 0.80 1.1162 0.0306 0.1111 0.80 1.0944 0.0235 0.1090
0.87 1.1330 0.0512 0.1129 0.87 1.2549 0.0683 0.1249 0.87 1.1769 0.0461 0.1172
2.520 GeV < /s < 2.530 GeV
-0.80 0.0765 0.0260 0.0076 -0.80 0.0765 0.0315  0.0076
-0.70 0.0288 0.0053  0.0029 -0.70 0.0288 0.0065  0.0029
-0.60 0.0296 0.0050 0.0030 -0.60 0.0296 0.0061 0.0030
-0.50 0.0224 0.0042 0.0022 -0.50 0.0327 0.0095 0.0033 -0.50 0.0240 0.0042 0.0024
-0.40 0.0265 0.0053  0.0026 -0.40 0.0355 0.0080 0.0035 -0.40 0.0293 0.0050 0.0029
-0.30 0.0392 0.0057 0.0039 -0.30 0.0444 0.0089  0.0044 -0.30 0.0407 0.0054 0.0041
-0.20 0.0343 0.0053  0.0034 -0.20 0.0578 0.0086  0.0058 -0.20 0.0408 0.0050 0.0041
-0.10 0.0384 0.0066  0.0038 -0.10 0.0568 0.0096  0.0057 -0.10 0.0444 0.0061 0.0044
0.00 0.0446 0.0051 0.0044 0.00 0.0520 0.0070  0.0052 0.00 0.0472 0.0046  0.0047
0.10 0.0506 0.0051 0.0051 0.10 0.0471 0.0060 0.0047 0.10 0.0491 0.0044 0.0049
0.20 0.0568 0.0053  0.0057 0.20 0.0576 0.0065  0.0057 0.20 0.0571 0.0047  0.0057
0.30 0.0737 0.0063  0.0074 0.30 0.0753 0.0074  0.0075 0.30 0.0744 0.0054 0.0074
0.40 0.1128 0.0082 0.0113 0.40 0.1030 0.0080 0.0103 0.40 0.1078 0.0065 0.0107
0.50 0.2334 0.0119  0.0233 0.50 0.2266 0.0130 0.0226 0.50 0.2303 0.0099 0.0230
0.60 0.4413 0.0173  0.0440 0.60 0.4142 0.0189 0.0413 0.60 0.4289 0.0144  0.0428
0.70 0.7370 0.0227  0.0735 0.70 0.7587 0.0263  0.0756 0.70 0.7463 0.0194 0.0744
0.80 1.0912 0.0291 0.1089 0.80 1.0293 0.0306 0.1026 0.80 1.0618 0.0238 0.1059
0.87 1.0297 0.0480 0.1027 0.87 1.1011 0.0629  0.1097 0.87 1.0559 0.0430 0.1053
2.530 GeV < /s < 2.540 GeV
-0.80 0.0625 0.0115  0.0062 -0.80 0.0625 0.0139  0.0062
-0.70 0.0407 0.0057  0.0041 -0.70 0.0407 0.0070  0.0041
-0.60 0.0265 0.0042 0.0026 -0.60 0.0265 0.0051 0.0026
-0.50 0.0241 0.0039  0.0024 -0.50 0.0241 0.0047  0.0024
-0.40 0.0246 0.0037  0.0025 -0.40 0.0359 0.0077  0.0036 -0.40 0.0267 0.0037  0.0027
-0.30 0.0357 0.0051 0.0036 -0.30 0.0569 0.0096 0.0057 -0.30 0.0403 0.0050 0.0040
-0.20 0.0412 0.0053  0.0041 -0.20 0.0601 0.0081 0.0060 -0.20 0.0468 0.0050 0.0047
-0.10 0.0367 0.0057  0.0037 -0.10 0.0455 0.0080 0.0045 -0.10 0.0397 0.0053  0.0040
0.00 0.0438 0.0047  0.0044 0.00 0.0514 0.0065 0.0051 0.00 0.0464 0.0043  0.0046
0.10 0.0413 0.0043 0.0041 0.10 0.0486 0.0057  0.0049 0.10 0.0440 0.0039 0.0044
0.20 0.0514 0.0047  0.0051 0.20 0.0531 0.0056  0.0053 0.20 0.0521 0.0041 0.0052
0.30 0.0659 0.0056  0.0066 0.30 0.0618 0.0061 0.0062 0.30 0.0640 0.0047  0.0064
0.40 0.0905 0.0067 0.0090 0.40 0.0994 0.0073 0.0099 0.40 0.0946 0.0056 0.0094
0.50 0.2116 0.0101 0.0211 0.50 0.2133 0.0115 0.0213 0.50 0.2124 0.0086  0.0212
0.60 0.3705 0.0146  0.0370 0.60 0.4121 0.0169 0.0411 0.60 0.3884 0.0125  0.0388
0.70 0.6660 0.0193  0.0665 0.70 0.7099 0.0244  0.0708 0.70 0.6829 0.0171 0.0682
0.80 1.0128 0.0248 0.1012 0.80 0.9991 0.0278  0.0997 0.80 1.0067 0.0209 0.1005
0.87 1.1285 0.0496  0.1127 0.87 1.1722 0.0617  0.1170 0.87 1.1456 0.0436  0.1144
2.540 GeV < \/g < 2.550 GeV
-0.80 0.0628 0.0119  0.0063 -0.80 0.0628 0.0145 0.0063
-0.70 0.0301 0.0051 0.0030 -0.70 0.0301 0.0061 0.0030
-0.60 0.0329 0.0050 0.0033 -0.60 0.0329 0.0061 0.0033
-0.50 0.0236 0.0040 0.0024 -0.50 0.0494 0.0138  0.0049 -0.50 0.0256 0.0041 0.0026
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-0.40 0.0203 0.0036  0.0020 -0.40 0.0307 0.0073  0.0031 -0.40 0.0224 0.0036  0.0022
-0.30 0.0308 0.0048 0.0031 -0.29 0.0318 0.0080  0.0032 -0.30 0.0310 0.0046  0.0031
-0.20 0.0335 0.0049  0.0034 -0.20 0.0395 0.0064  0.0039 -0.20 0.0357 0.0044  0.0036
-0.10 0.0395 0.0063  0.0040 -0.10 0.0542 0.0093  0.0054 -0.10 0.0441 0.0058  0.0044
0.00 0.0411 0.0046  0.0041 0.00 0.0507 0.0064  0.0051 0.00 0.0444 0.0042 0.0044
0.10 0.0497 0.0048  0.0050 0.10 0.0462 0.0056  0.0046 0.10 0.0482 0.0041  0.0048
0.20 0.0517 0.0048  0.0052 0.20 0.0574 0.0061 0.0057 0.20 0.0538 0.0042  0.0054
0.30 0.0612 0.0053  0.0061 0.30 0.0715 0.0064  0.0071 0.30 0.0654 0.0046  0.0065
0.40 0.0898 0.0118  0.0090 0.40 0.0957 0.0070  0.0096 0.40 0.0941 0.0067  0.0094
0.50 0.2160 0.0109 0.0216 0.50 0.2167 0.0118  0.0217 0.50 0.2163 0.0090 0.0216
0.60 0.4112 0.0162 0.0411 0.60 0.4009 0.0173  0.0401 0.60 0.4064 0.0134  0.0406
0.70 0.7445 0.0216  0.0745 0.70 0.7328 0.0249 0.0732 0.70 0.7395 0.0184 0.0739
0.80 1.0445 0.0263  0.1045 0.80 1.0136 0.0284 0.1013 0.80 1.0303 0.0218 0.1030
0.87 1.0745 0.0484  0.1075 0.87 1.1294 0.0639  0.1129 0.87 1.0945 0.0435 0.1094
2.550 GeV < /s < 2.560 GeV
-0.80 0.0917 0.0162  0.0092 -0.80 0.0917 0.0196  0.0092
-0.70 0.0413 0.0062  0.0041 -0.70 0.0413 0.0075  0.0041
-0.60 0.0217 0.0040  0.0022 -0.60 0.0217 0.0048  0.0022
-0.50 0.0128 0.0030 0.0013 -0.51 0.0477 0.0136  0.0048 -0.50 0.0143 0.0031 0.0014
-0.40 0.0375 0.0050  0.0038 -0.40 0.0243 0.0063  0.0024 -0.40 0.0324 0.0044  0.0032
-0.30 0.0347 0.0053  0.0035 -0.30 0.0475 0.0096  0.0048 -0.30 0.0377 0.0051  0.0038
-0.20 0.0361 0.0052  0.0036 -0.20 0.0341 0.0063  0.0034 -0.20 0.0353 0.0045  0.0035
-0.10 0.0359 0.0054 0.0036 -0.10 0.0442 0.0075  0.0044 -0.10 0.0388 0.0050  0.0039
0.00 0.0338 0.0043  0.0034 0.00 0.0286 0.0049  0.0029 0.00 0.0316 0.0037  0.0032
0.10 0.0395 0.0043  0.0040 0.10 0.0453 0.0058  0.0045 0.10 0.0416 0.0039  0.0042
0.20 0.0442 0.0061  0.0044 0.20 0.0458 0.0055  0.0046 0.20 0.0451 0.0047  0.0045
0.30 0.0508 0.0051  0.0051 0.30 0.0534 0.0057  0.0053 0.30 0.0519 0.0043  0.0052
0.40 0.0946 0.0070  0.0095 0.40 0.1044 0.0076  0.0104 0.40 0.0991 0.0058  0.0099
0.50 0.1975 0.0105 0.0198 0.50 0.1824 0.0114  0.0183 0.50 0.1906 0.0087  0.0191
0.60 0.3814 0.0166  0.0382 0.60 0.4007 0.0179  0.0401 0.60 0.3904 0.0138  0.0391
0.70 0.6899 0.0292  0.0691 0.70 0.6946 0.0247  0.0695 0.70 0.6926 0.0213  0.0693
0.80 0.9935 0.0341  0.0995 0.80 1.0655 0.0307  0.1066 0.80 1.0333 0.0258 0.1034
0.87 1.3014 0.0608  0.1303 0.87 1.1886 0.0717  0.1189 0.87 1.2542 0.0524  0.1256
2.560 GeV < /s < 2.570 GeV
-0.40 0.0238 0.0057  0.0024 -0.40 0.0294 0.0068  0.0029 -0.40 0.0261 0.0049 0.0026
-0.30 0.0311 0.0046  0.0031 -0.30 0.0373 0.0082  0.0037 -0.30 0.0326 0.0045  0.0033
-0.20 0.0279 0.0045  0.0028 -0.20 0.0418 0.0071  0.0042 -0.20 0.0319 0.0043  0.0032
-0.10 0.0336 0.0052  0.0034 -0.10 0.0363 0.0070  0.0036 -0.10 0.0346 0.0047  0.0035
0.00 0.0438 0.0047  0.0044 0.00 0.0334 0.0052  0.0033 0.00 0.0390 0.0039  0.0039
0.10 0.0352 0.0040  0.0035 0.10 0.0404 0.0052  0.0040 0.10 0.0371 0.0036  0.0037
0.20 0.0445 0.0045  0.0045 0.20 0.0484 0.0058  0.0049 0.20 0.0460 0.0040 0.0046
0.30 0.0548 0.0052  0.0055 0.30 0.0606 0.0060  0.0061 0.30 0.0573 0.0044  0.0057
0.40 0.0995 0.0071  0.0100 0.40 0.0931 0.0071  0.0093 0.40 0.0963 0.0057  0.0097
0.50 0.1939 0.0100 0.0194 0.50 0.1974 0.0111  0.0198 0.50 0.1954 0.0084 0.0196
0.60 0.3648 0.0148  0.0366 0.60 0.4373 0.0180 0.0438 0.60 0.3940 0.0129  0.0395
0.70 0.7041 0.0205 0.0706 0.70 0.6919 0.0240 0.0693 0.70 0.6990 0.0176  0.0701
0.80 1.0104 0.0257 0.1013 0.80 1.0972 0.0305 0.1099 0.80 1.0463 0.0222  0.1049
0.87 1.1168 0.0541  0.1120 0.87 0.9600 0.0587  0.0962 0.87 1.0448 0.0450 0.1047
2.570 GeV < /s < 2.580 GeV
-0.80 0.0669 0.0111  0.0067 -0.80 0.0669 0.0135  0.0067
-0.70 0.0400 0.0062  0.0040 -0.70 0.0400 0.0075  0.0040
-0.60 0.0229 0.0042  0.0023 -0.60 0.0229 0.0051 0.0023
-0.50 0.0288 0.0045  0.0029 -0.50 0.0322 0.0094 0.0032 -0.50 0.0294 0.0044  0.0030
-0.40 0.0218 0.0037  0.0022 -0.40 0.0280 0.0069  0.0028 -0.40 0.0232 0.0036  0.0023
-0.30 0.0306 0.0047  0.0031 -0.29 0.0268 0.0074  0.0027 -0.30 0.0295 0.0045  0.0030
-0.20 0.0365 0.0055  0.0037 -0.20 0.0410 0.0075  0.0041 -0.20 0.0381 0.0050  0.0038
-0.10 0.0272 0.0045  0.0027 -0.10 0.0537 0.0092  0.0054 -0.10 0.0324 0.0045  0.0032
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0.00 0.0360 0.0043  0.0036 0.00 0.0351 0.0052  0.0035 0.00 0.0356 0.0037  0.0036
0.10 0.0278 0.0035 0.0028 0.10 0.0392 0.0053  0.0039 0.10 0.0313 0.0033  0.0031
0.20 0.0455 0.0046  0.0046 0.20 0.0432 0.0055 0.0043 0.20 0.0446 0.0040  0.0045
0.30 0.0558 0.0052  0.0056 0.30 0.0588 0.0059  0.0059 0.30 0.0571 0.0044 0.0057
0.40 0.0802 0.0063  0.0081 0.40 0.0857 0.0068  0.0086 0.40 0.0828 0.0052  0.0083
0.50 0.1610 0.0092 0.0162 0.50 0.1617 0.0104 0.0162 0.50 0.1613 0.0078  0.0162
0.60 0.3484 0.0144  0.0350 0.60 0.3647 0.0161  0.0366 0.60 0.3557 0.0121  0.0357
0.70 0.6434 0.0199  0.0646 0.70 0.6605 0.0233  0.0663 0.70 0.6506 0.0171  0.0653
0.80 0.9428 0.0279  0.0947 0.80 0.9414 0.0276  0.0944 0.80 0.9421 0.0222  0.0945
0.87 1.0228 0.1310 0.1027 0.87 1.1872 0.0674  0.1191 0.87 1.1528 0.0664 0.1157
2.580 GeV < /s < 2.590 GeV
-0.80 0.0868 0.0159  0.0087 -0.80 0.0868 0.0193  0.0087
-0.70 0.0466 0.0072  0.0047 -0.70 0.0466 0.0087  0.0047
-0.60 0.0292 0.0050  0.0029 -0.60 0.0292 0.0061  0.0029
-0.50 0.0247 0.0044  0.0025 -0.51 0.0248 0.0094  0.0025 -0.50 0.0247 0.0044  0.0025
-0.40 0.0302 0.0049  0.0030 -0.40 0.0284 0.0074  0.0029 -0.40 0.0296 0.0046  0.0030
-0.30 0.0353 0.0055 0.0036 -0.30 0.0325 0.0080  0.0033 -0.30 0.0344 0.0051  0.0035
-0.20 0.0296 0.0055  0.0030 -0.20 0.0371 0.0080  0.0037 -0.20 0.0321 0.0051  0.0032
-0.10 0.0358 0.0052  0.0036 -0.10 0.0334 0.0066  0.0034 -0.10 0.0349 0.0046  0.0035
0.00 0.0238 0.0037  0.0024 0.00 0.0344 0.0053  0.0035 0.00 0.0274 0.0034 0.0027
0.10 0.0308 0.0041  0.0031 0.10 0.0395 0.0056  0.0040 0.10 0.0338 0.0037 0.0034
0.20 0.0386 0.0045 0.0039 0.20 0.0435 0.0058  0.0044 0.20 0.0404 0.0040 0.0041
0.30 0.0377 0.0079  0.0038 0.30 0.0533 0.0060 0.0054 0.30 0.0477 0.0054 0.0048
0.40 0.0712 0.0065 0.0072 0.40 0.0808 0.0070  0.0081 0.40 0.0756 0.0054  0.0076
0.50 0.1766 0.0107  0.0178 0.50 0.1616 0.0110 0.0162 0.50 0.1693 0.0087  0.0170
0.60 0.3318 0.0155  0.0334 0.60 0.3427 0.0173  0.0344 0.60 0.3367 0.0130  0.0338
0.70 0.5960 0.0201  0.0599 0.70 0.6612 0.0257  0.0664 0.70 0.6207 0.0179  0.0624
0.80 0.9719 0.0270  0.0977 0.80 0.9530 0.0296  0.0957 0.80 0.9633 0.0226  0.0968
0.87 1.0132 0.0521  0.1019 0.87 1.1874 0.0821 0.1193 0.87 1.0632 0.0492  0.1069
2.590 GeV < /s < 2.600 GeV
-0.50 0.0163 0.0057  0.0016 -0.49 0.0246 0.0094  0.0025 -0.50 0.0185 0.0055  0.0019
-0.40 0.0298 0.0080  0.0030 -0.40 0.0298 0.0097  0.0030
-0.30 0.0257 0.0049  0.0026 -0.29 0.0402 0.0108  0.0040 -0.30 0.0282 0.0049  0.0028
-0.20 0.0328 0.0061  0.0033 -0.20 0.0427 0.0090 0.0043 -0.20 0.0359 0.0057  0.0036
-0.10 0.0299 0.0051  0.0030 -0.09 0.0382 0.0076  0.0038 -0.10 0.0325 0.0048 0.0033
0.00 0.0419 0.0053  0.0042 0.00 0.0252 0.0049  0.0025 0.00 0.0329 0.0040 0.0033
0.10 0.0242 0.0037 0.0024 0.10 0.0231 0.0045 0.0023 0.10 0.0237 0.0032  0.0024
0.20 0.0266 0.0039  0.0027 0.20 0.0339 0.0052  0.0034 0.20 0.0292 0.0035  0.0029
0.30 0.0453 0.0052  0.0046 0.30 0.0468 0.0059  0.0047 0.30 0.0459 0.0044  0.0046
0.40 0.0793 0.0070  0.0080 0.40 0.0870 0.0076  0.0088 0.40 0.0828 0.0058  0.0083
0.50 0.1583 0.0105 0.0159 0.50 0.1779 0.0120 0.0179 0.50 0.1668 0.0090 0.0168
0.60 0.3354 0.0157  0.0338 0.60 0.3366 0.0173  0.0339 0.60 0.3360 0.0131  0.0338
0.70 0.5780 0.0200 0.0582 0.70 0.5583 0.0235 0.0562 0.70 0.5697 0.0172  0.0573
0.80 0.9093 0.0258  0.0915 0.80 0.9002 0.0299  0.0905 0.80 0.9055 0.0221  0.0911
0.87 0.9574 0.0553  0.0964 0.87 1.0656 0.0744  0.1072 0.87 0.9959 0.0500 0.1002
2.600 GeV < /s < 2.610 GeV
-0.80 0.0794 0.0117  0.0080 -0.80 0.0794 0.0141  0.0080
-0.70 0.0416 0.0049  0.0042 -0.70 0.0416 0.0059  0.0042
-0.60 0.0221 0.0033  0.0022 -0.60 0.0221 0.0040 0.0022
-0.50 0.0140 0.0024 0.0014 -0.49 0.0240 0.0078  0.0024 -0.50 0.0149 0.0025 0.0015
-0.40 0.0188 0.0030 0.0019 -0.40 0.0174 0.0042 0.0018 -0.40 0.0183 0.0027  0.0018
-0.30 0.0294 0.0039  0.0030 -0.30 0.0371 0.0071  0.0037 -0.30 0.0311 0.0038  0.0031
-0.20 0.0241 0.0038  0.0024 -0.20 0.0206 0.0044  0.0021 -0.20 0.0226 0.0033  0.0023
-0.10 0.0266 0.0035 0.0027 -0.10 0.0365 0.0051  0.0037 -0.10 0.0297 0.0032  0.0030
0.00 0.0293 0.0031  0.0030 0.00 0.0388 0.0045 0.0039 0.00 0.0324 0.0029  0.0033
0.10 0.0273 0.0028  0.0027 0.10 0.0347 0.0038  0.0035 0.10 0.0299 0.0026  0.0030
0.20 0.0267 0.0029  0.0027 0.20 0.0363 0.0038  0.0037 0.20 0.0301 0.0026  0.0030
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0.30 0.0386 0.0035  0.0039 0.30 0.0392 0.0040  0.0039 0.30 0.0389 0.0030  0.0039
0.40 0.0700 0.0059 0.0071 0.40 0.0745 0.0049 0.0075 0.40 0.0726 0.0043  0.0073
0.50 0.1772 0.0110 0.0179 0.50 0.1786 0.0089  0.0180 0.50 0.1781 0.0078 0.0179
0.60 0.3062 0.0117  0.0309 0.60 0.3550 0.0128  0.0358 0.60 0.3283 0.0098 0.0331
0.70 0.5770 0.0160  0.0582 0.70 0.6022 0.0180  0.0607 0.70 0.5881 0.0135  0.0593
0.80 0.9342 0.0220  0.0942 0.80 0.9653 0.0229  0.0972 0.80 0.9491 0.0179  0.0956
0.87 1.0303 0.0477  0.1039 0.87 1.0975 0.0616  0.1105 0.87 1.0555 0.0425 0.1064
2.610 GeV < /s < 2.620 GeV
-0.80 0.0709 0.0103  0.0072 -0.80 0.0709 0.0125 0.0072
-0.70 0.0395 0.0048  0.0040 -0.70 0.0395 0.0059  0.0040
-0.60 0.0146 0.0026  0.0015 -0.60 0.0146 0.0032  0.0015
-0.50 0.0185 0.0028 0.0019 -0.50 0.0204 0.0055  0.0021 -0.50 0.0189 0.0028 0.0019
-0.40 0.0160 0.0027  0.0016 -0.39 0.0219 0.0053  0.0022 -0.40 0.0172 0.0026  0.0017
-0.30 0.0207 0.0033  0.0021 -0.30 0.0323 0.0059  0.0033 -0.30 0.0234 0.0032  0.0024
-0.20 0.0165 0.0030 0.0017 -0.20 0.0370 0.0059 0.0037 -0.20 0.0207 0.0029  0.0021
-0.10 0.0272 0.0034  0.0027 -0.10 0.0340 0.0048 0.0034 -0.10 0.0294 0.0031  0.0030
0.00 0.0290 0.0031  0.0029 0.00 0.0285 0.0038  0.0029 0.00 0.0288 0.0027  0.0029
0.10 0.0359 0.0033  0.0036 0.10 0.0334 0.0037 0.0034 0.10 0.0348 0.0028  0.0035
0.20 0.0306 0.0031 0.0031 0.20 0.0375 0.0040 0.0038 0.20 0.0332 0.0028 0.0034
0.30 0.0391 0.0035  0.0039 0.30 0.0405 0.0041  0.0041 0.30 0.0397 0.0030  0.0040
0.40 0.0750 0.0048 0.0076 0.40 0.0726 0.0049 0.0073 0.40 0.0738 0.0039  0.0075
0.50 0.1497 0.0077  0.0151 0.50 0.1563 0.0081 0.0158 0.50 0.1528 0.0063 0.0154
0.60 0.2991 0.0112  0.0302 0.60 0.3236 0.0123  0.0326 0.60 0.3101 0.0094 0.0313
0.70 0.5821 0.0160  0.0588 0.70 0.6083 0.0184 0.0613 0.70 0.5933 0.0136  0.0599
0.80 0.9205 0.0214  0.0929 0.80 1.0326 0.0233 0.1041 0.80 0.9717 0.0178  0.0980
0.87 0.9112 0.0408  0.0920 0.87 0.9275 0.0531  0.0935 0.87 0.9172 0.0365  0.0925
2.620 GeV < /s < 2.630 GeV
-0.80 0.0569 0.0124  0.0057 -0.80 0.0569 0.0151  0.0057
-0.70 0.0372 0.0057  0.0038 -0.70 0.0372 0.0069  0.0038
-0.60 0.0168 0.0036  0.0017 -0.60 0.0168 0.0043 0.0017
-0.50 0.0172 0.0034 0.0017 -0.50 0.0352 0.0098  0.0036 -0.50 0.0192 0.0035  0.0019
-0.40 0.0218 0.0038  0.0022 -0.40 0.0269 0.0066  0.0027 -0.40 0.0231 0.0037  0.0023
-0.30 0.0248 0.0043  0.0025 -0.30 0.0300 0.0069  0.0030 -0.30 0.0263 0.0040  0.0027
-0.20 0.0192 0.0040 0.0019 -0.20 0.0284 0.0062  0.0029 -0.20 0.0220 0.0038  0.0022
-0.10 0.0260 0.0041  0.0026 -0.10 0.0265 0.0052  0.0027 -0.10 0.0262 0.0036  0.0026
0.00 0.0228 0.0035  0.0023 0.00 0.0285 0.0048  0.0029 0.00 0.0247 0.0032  0.0025
0.10 0.0270 0.0034  0.0027 0.10 0.0327 0.0047  0.0033 0.10 0.0290 0.0031  0.0029
0.20 0.0315 0.0039  0.0032 0.20 0.0306 0.0046  0.0031 0.20 0.0311 0.0033  0.0031
0.30 0.0320 0.0039  0.0032 0.30 0.0385 0.0048  0.0039 0.30 0.0346 0.0034  0.0035
0.40 0.0560 0.0050  0.0057 0.40 0.0661 0.0059  0.0067 0.40 0.0603 0.0043  0.0061
0.50 0.1307 0.0083 0.0132 0.50 0.1616 0.0103 0.0163 0.50 0.1428 0.0073  0.0144
0.60 0.2882 0.0144  0.0291 0.60 0.3391 0.0154  0.0342 0.60 0.3121 0.0119 0.0315
0.70 0.5791 0.1252  0.0585 0.70 0.5945 0.0218  0.0600 0.70 0.5941 0.0224  0.0600
0.80 0.9476 0.0350  0.0958 0.80 0.9430 0.0267  0.0952 0.80 0.9447 0.0239  0.0954
0.87 1.0916 0.0607 0.1103 0.87 1.0025 0.0711  0.1012 0.87 1.0540 0.0522  0.1065
2.630 GeV < /s < 2.640 GeV
-0.80 0.0619 0.0131  0.0063 -0.80 0.0619 0.0159  0.0063
-0.70 0.0407 0.0061  0.0041 -0.70 0.0407 0.0074  0.0041
-0.60 0.0262 0.0045  0.0027 -0.60 0.0262 0.0055  0.0027
-0.50 0.0166 0.0034 0.0017 -0.50 0.0219 0.0082  0.0022 -0.50 0.0174 0.0034  0.0018
-0.40 0.0203 0.0040 0.0021 -0.40 0.0234 0.0075  0.0024 -0.40 0.0210 0.0039  0.0021
-0.30 0.0332 0.0051 0.0034 -0.30 0.0218 0.0063  0.0022 -0.30 0.0287 0.0044  0.0029
-0.20 0.0264 0.0051  0.0027 -0.20 0.0239 0.0059  0.0024 -0.20 0.0253 0.0044  0.0026
-0.10 0.0204 0.0038  0.0021 -0.10 0.0295 0.0056  0.0030 -0.10 0.0233 0.0035 0.0024
0.00 0.0274 0.0039  0.0028 0.00 0.0254 0.0047  0.0026 0.00 0.0266 0.0034  0.0027
0.10 0.0278 0.0036  0.0028 0.10 0.0341 0.0050 0.0034 0.10 0.0299 0.0033  0.0030
0.20 0.0249 0.0036  0.0025 0.20 0.0267 0.0044  0.0027 0.20 0.0257 0.0031  0.0026
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0.30 0.0292 0.0039  0.0030 0.30 0.0448 0.0055  0.0045 0.30 0.0344 0.0036  0.0035
0.40 0.0593 0.0055  0.0060 0.40 0.0662 0.0060  0.0067 0.40 0.0625 0.0046  0.0063
0.50 0.1376 0.0091  0.0139 0.50 0.1305 0.0095 0.0132 0.50 0.1342 0.0075 0.0136
0.60 0.2486 0.0124  0.0252 0.60 0.2729 0.0142  0.0276 0.60 0.2591 0.0105  0.0262
0.70 0.5574 0.0192  0.0564 0.70 0.5730 0.0223  0.0579 0.70 0.5640 0.0164 0.0571
0.80 0.8677 0.0241  0.0878 0.80 0.9242 0.0280 0.0934 0.80 0.8918 0.0206  0.0902
0.87 1.2319 0.0741 0.1247 0.87 1.0212 0.0758 0.1033 0.87 1.1291 0.0599 0.1142
2.640 GeV < /s < 2.650 GeV
-0.80 0.0388 0.0092  0.0039 -0.80 0.0388 0.0112  0.0039
-0.70 0.0216 0.0045  0.0022 -0.70 0.0216 0.0055  0.0022
-0.60 0.0157 0.0042  0.0016 -0.60 0.0157 0.0051  0.0016
-0.50 0.0165 0.0035 0.0017 -0.50 0.0165 0.0042 0.0017
-0.40 0.0200 0.0039  0.0020 -0.40 0.0229 0.0064  0.0023 -0.40 0.0208 0.0037  0.0021
-0.30 0.0216 0.0039  0.0022 -0.30 0.0316 0.0069  0.0032 -0.30 0.0240 0.0038  0.0024
-0.20 0.0271 0.0050  0.0027 -0.20 0.0377 0.0083  0.0038 -0.20 0.0299 0.0048  0.0030
-0.10 0.0213 0.0037  0.0022 -0.10 0.0333 0.0064 0.0034 -0.10 0.0243 0.0035  0.0025
0.00 0.0273 0.0038  0.0028 0.00 0.0248 0.0046  0.0025 0.00 0.0263 0.0033  0.0027
0.10 0.0265 0.0036  0.0027 0.10 0.0277 0.0044  0.0028 0.10 0.0270 0.0031  0.0027
0.20 0.0251 0.0035  0.0025 0.20 0.0245 0.0041 0.0025 0.20 0.0249 0.0030  0.0025
0.30 0.0318 0.0039  0.0032 0.30 0.0337 0.0046  0.0034 0.30 0.0326 0.0034  0.0033
0.40 0.0657 0.0057  0.0067 0.40 0.0519 0.0051  0.0053 0.40 0.0581 0.0043  0.0059
0.50 0.1344 0.0087  0.0136 0.50 0.1363 0.0096 0.0138 0.50 0.1352 0.0073  0.0137
0.60 0.2763 0.0129  0.0280 0.60 0.2746 0.0141  0.0278 0.60 0.2756 0.0108  0.0279
0.70 0.4863 0.0166  0.0493 0.70 0.5118 0.0199 0.0518 0.70 0.4968 0.0144  0.0503
0.80 0.8095 0.0230  0.0820 0.80 0.8704 0.0272  0.0881 0.80 0.8348 0.0198  0.0846
0.87 0.8810 0.0564  0.0893 0.87 1.0013 0.0837 0.1014 0.87 0.9186 0.0525  0.0931
2.650 GeV < /s < 2.660 GeV
-0.80 0.0568 0.0120  0.0058 -0.80 0.0568 0.0146  0.0058
-0.70 0.0297 0.0053  0.0030 -0.70 0.0297 0.0064  0.0030
-0.60 0.0220 0.0040  0.0022 -0.60 0.0220 0.0048  0.0022
-0.50 0.0120 0.0028  0.0012 -0.51 0.0215 0.0082  0.0022 -0.50 0.0130 0.0029  0.0013
-0.40 0.0159 0.0034 0.0016 -0.40 0.0204 0.0065  0.0021 -0.40 0.0169 0.0033  0.0017
-0.30 0.0158 0.0032 0.0016 -0.29 0.0296 0.0075  0.0030 -0.30 0.0180 0.0033  0.0018
-0.20 0.0240 0.0050  0.0024 -0.20 0.0281 0.0066  0.0028 -0.20 0.0255 0.0045  0.0026
-0.10 0.0217 0.0037  0.0022 -0.10 0.0243 0.0053  0.0025 -0.10 0.0226 0.0034 0.0023
0.00 0.0157 0.0028 0.0016 0.00 0.0276 0.0046  0.0028 0.00 0.0188 0.0026  0.0019
0.10 0.0201 0.0030  0.0020 0.10 0.0249 0.0041  0.0025 0.10 0.0218 0.0027  0.0022
0.20 0.0236 0.0034  0.0024 0.20 0.0314 0.0047  0.0032 0.20 0.0263 0.0031  0.0027
0.30 0.0232 0.0034  0.0024 0.30 0.0350 0.0047  0.0035 0.30 0.0273 0.0031  0.0028
0.40 0.0508 0.0048  0.0052 0.40 0.0611 0.0055  0.0062 0.40 0.0553 0.0041 0.0056
0.50 0.1200 0.0083 0.0122 0.50 0.1135 0.0088 0.0115 0.50 0.1169 0.0068 0.0119
0.60 0.2414 0.0116  0.0245 0.60 0.2615 0.0136  0.0265 0.60 0.2498 0.0100  0.0253
0.70 0.4841 0.0168  0.0491 0.70 0.5536 0.0218  0.0561 0.70 0.5100 0.0150 0.0517
0.80 0.8726 0.0239  0.0885 0.80 0.8268 0.0261  0.0838 0.80 0.8518 0.0200 0.0864
0.87 0.9442 0.0628  0.0958 0.87 1.0366 0.0912  0.1051 0.87 0.9739 0.0581  0.0988
2.660 GeV < /5 < 2.670 GeV
-0.80 0.0515 0.0119  0.0052 -0.80 0.0515 0.0144  0.0052
-0.70 0.0319 0.0053  0.0032 -0.70 0.0319 0.0064  0.0032
-0.60 0.0210 0.0038  0.0021 -0.60 0.0210 0.0046  0.0021
-0.50 0.0138 0.0030 0.0014 -0.49 0.0235 0.0091  0.0024 -0.50 0.0148 0.0031  0.0015
-0.40 0.0164 0.0034 0.0017 -0.40 0.0292 0.0069  0.0030 -0.40 0.0188 0.0034 0.0019
-0.30 0.0224 0.0040  0.0023 -0.30 0.0229 0.0059  0.0023 -0.30 0.0226 0.0037  0.0023
-0.20 0.0296 0.0053  0.0030 -0.20 0.0244 0.0065  0.0025 -0.20 0.0275 0.0047  0.0028
-0.10 0.0222 0.0035  0.0023 -0.10 0.0266 0.0050  0.0027 -0.10 0.0237 0.0033  0.0024
0.00 0.0193 0.0030  0.0020 0.00 0.0205 0.0039  0.0021 0.00 0.0198 0.0027  0.0020
0.10 0.0223 0.0032  0.0023 0.10 0.0259 0.0041  0.0026 0.10 0.0236 0.0028  0.0024
0.20 0.0219 0.0032  0.0022 0.20 0.0202 0.0035  0.0021 0.20 0.0212 0.0027  0.0021
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0.30 0.0292 0.0037  0.0030 0.30 0.0348 0.0046  0.0035 0.30 0.0314 0.0032  0.0032
0.40 0.0480 0.0045  0.0049 0.40 0.0452 0.0045 0.0046 0.40 0.0466 0.0036  0.0047
0.50 0.1135 0.0079  0.0115 0.50 0.1151 0.0083 0.0117 0.50 0.1143 0.0065 0.0116
0.60 0.2539 0.0118  0.0258 0.60 0.2435 0.0123  0.0247 0.60 0.2490 0.0096  0.0253
0.70 0.5075 0.0170 0.0516 0.70 0.5733 0.0219  0.0582 0.70 0.5323 0.0152  0.0541
0.80 0.8140 0.0228  0.0827 0.80 0.8249 0.0251  0.0837 0.80 0.8190 0.0191  0.0832
0.87 0.7684 0.0547  0.0781 0.87 0.9000 0.0839 0.0914 0.87 0.8076 0.0514  0.0820
2.670 GeV < /s < 2.680 GeV
-0.80 0.0403 0.0136  0.0041 -0.80 0.0403 0.0165  0.0041
-0.70 0.0276 0.0051  0.0028 -0.70 0.0276 0.0062  0.0028
-0.60 0.0127 0.0031  0.0013 -0.60 0.0127 0.0038 0.0013
-0.50 0.0113 0.0028 0.0011 -0.50 0.0113 0.0034 0.0011
-0.40 0.0138 0.0034 0.0014 -0.40 0.0218 0.0063  0.0022 -0.40 0.0156 0.0033 0.0016
-0.30 0.0144 0.0033 0.0015 -0.30 0.0219 0.0063  0.0022 -0.30 0.0161 0.0032 0.0016
-0.20 0.0183 0.0044  0.0019 -0.20 0.0322 0.0081  0.0033 -0.20 0.0214 0.0043  0.0022
-0.10 0.0160 0.0031 0.0016 -0.10 0.0188 0.0041  0.0019 -0.10 0.0170 0.0028 0.0017
0.00 0.0224 0.0034  0.0023 0.00 0.0333 0.0052  0.0034 0.00 0.0257 0.0032  0.0026
0.10 0.0258 0.0035  0.0026 0.10 0.0320 0.0048  0.0032 0.10 0.0280 0.0032  0.0028
0.20 0.0204 0.0031 0.0021 0.20 0.0198 0.0037  0.0020 0.20 0.0202 0.0027  0.0021
0.30 0.0214 0.0032  0.0022 0.30 0.0310 0.0043  0.0032 0.30 0.0249 0.0029  0.0025
0.40 0.0430 0.0045 0.0044 0.40 0.0553 0.0054  0.0056 0.40 0.0481 0.0039  0.0049
0.50 0.1121 0.0082 0.0114 0.50 0.1059 0.0083 0.0108 0.50 0.1090 0.0066  0.0111
0.60 0.2480 0.0122  0.0252 0.60 0.2672 0.0139  0.0272 0.60 0.2564 0.0104 0.0261
0.70 0.4915 0.0179  0.0500 0.70 0.5351 0.0212  0.0544 0.70 0.5096 0.0155  0.0518
0.80 0.8185 0.0231  0.0833 0.80 0.9086 0.0284  0.0923 0.80 0.8544 0.0203  0.0869
0.87 0.8898 0.0664  0.0905 0.87 0.9583 0.0967  0.0974 0.87 0.9117 0.0615  0.0927
2.680 GeV < /s < 2.690 GeV
-0.80 0.0397 0.0098  0.0040 -0.80 0.0397 0.0119  0.0040
-0.70 0.0313 0.0057  0.0032 -0.70 0.0313 0.0069  0.0032
-0.60 0.0191 0.0041  0.0019 -0.60 0.0191 0.0050 0.0019
-0.50 0.0198 0.0040  0.0020 -0.50 0.0198 0.0048  0.0020
-0.40 0.0152 0.0037  0.0015 -0.40 0.0152 0.0045 0.0015
-0.30 0.0190 0.0040 0.0019 -0.30 0.0237 0.0068  0.0024 -0.30 0.0202 0.0038 0.0021
-0.20 0.0103 0.0033  0.0011 -0.20 0.0276 0.0074  0.0028 -0.20 0.0132 0.0034 0.0013
-0.10 0.0174 0.0034 0.0018 -0.10 0.0200 0.0045 0.0020 -0.10 0.0184 0.0031  0.0019
0.00 0.0225 0.0037  0.0023 0.00 0.0298 0.0054  0.0030 0.00 0.0249 0.0034  0.0025
0.10 0.0233 0.0035  0.0024 0.10 0.0209 0.0040 0.0021 0.10 0.0223 0.0030  0.0023
0.20 0.0158 0.0029  0.0016 0.20 0.0202 0.0039  0.0021 0.20 0.0174 0.0026  0.0018
0.30 0.0251 0.0037  0.0026 0.30 0.0354 0.0051  0.0036 0.30 0.0287 0.0034  0.0029
0.40 0.0466 0.0051 0.0048 0.40 0.0373 0.0046  0.0038 0.40 0.0414 0.0039  0.0042
0.50 0.1144 0.0090 0.0117 0.50 0.1275 0.0101  0.0130 0.50 0.1202 0.0076  0.0122
0.60 0.2335 0.0128  0.0238 0.60 0.2711 0.0152  0.0276 0.60 0.2491 0.0111  0.0254
0.70 0.4777 0.0191  0.0487 0.70 0.5496 0.0233  0.0559 0.70 0.5067 0.0167 0.0516
0.80 0.8097 0.0258  0.0825 0.80 0.8330 0.0278  0.0848 0.80 0.8205 0.0214  0.0835
0.87 0.8785 0.0879  0.0895 0.87 0.7477 0.1010 0.0761 0.87 0.8221 0.0749  0.0837
2,690 GeV < /5 < 2.700 GeV
-0.80 0.0541 0.0122  0.0055 -0.80 0.0541 0.0148  0.0055
-0.70 0.0263 0.0053  0.0027 -0.70 0.0263 0.0064  0.0027
-0.60 0.0224 0.0045  0.0023 -0.60 0.0224 0.0055  0.0023
-0.50 0.0131 0.0032  0.0013 -0.50 0.0131 0.0039  0.0013
-0.40 0.0150 0.0037  0.0015 -0.40 0.0307 0.0079  0.0031 -0.40 0.0177 0.0037  0.0018
-0.30 0.0151 0.0035 0.0015 -0.30 0.0204 0.0062  0.0021 -0.30 0.0164 0.0034 0.0017
-0.20 0.0206 0.0050  0.0021 -0.20 0.0206 0.0060  0.0021
-0.10 0.0149 0.0031 0.0015 -0.10 0.0238 0.0048 0.0024 -0.10 0.0175 0.0029 0.0018
0.00 0.0217 0.0036  0.0022 0.00 0.0192 0.0043  0.0020 0.00 0.0207 0.0031  0.0021
0.10 0.0198 0.0031  0.0020 0.10 0.0297 0.0048  0.0030 0.10 0.0227 0.0029 0.0023
0.20 0.0166 0.0031  0.0017 0.20 0.0248 0.0045 0.0025 0.20 0.0192 0.0028  0.0020
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0.30 0.0220 0.0035  0.0022 0.30 0.0323 0.0047  0.0033 0.30 0.0257 0.0032  0.0026
0.40 0.0407 0.0047  0.0042 0.40 0.0403 0.0048 0.0041 0.40 0.0405 0.0038  0.0041
0.50 0.0917 0.0077  0.0094 0.50 0.0959 0.0086  0.0098 0.50 0.0936 0.0065  0.0095
0.60 0.2352 0.0122  0.0240 0.60 0.2364 0.0134 0.0241 0.60 0.2358 0.0102  0.0240
0.70 0.4582 0.0172  0.0467 0.70 0.5189 0.0220  0.0529 0.70 0.4813 0.0153  0.0491
0.80 0.7985 0.0239 0.0815 0.80 0.7786 0.0257  0.0793 0.80 0.7893 0.0198  0.0805
0.87 0.9563 0.0931 0.0975 0.87 0.9468 0.1203  0.0965 0.87 0.9527 0.0830 0.0971
2.700 GeV < /5 < 2.710 GeV
-0.80 0.0460 0.0113  0.0047 -0.80 0.0460 0.0137  0.0047
-0.70 0.0364 0.0060  0.0037 -0.70 0.0364 0.0073  0.0037
-0.60 0.0197 0.0040  0.0020 -0.60 0.0197 0.0049  0.0020
-0.50 0.0168 0.0035 0.0017 -0.50 0.0168 0.0042 0.0017
-0.40 0.0162 0.0037  0.0017 -0.40 0.0208 0.0075  0.0021 -0.40 0.0171 0.0037  0.0018
-0.30 0.0110 0.0028 0.0011 -0.30 0.0268 0.0066  0.0027 -0.30 0.0134 0.0028 0.0014
-0.20 0.0178 0.0042  0.0018 -0.20 0.0178 0.0051  0.0018
-0.10 0.0144 0.0030 0.0015 -0.10 0.0237 0.0048 0.0024 -0.10 0.0170 0.0028 0.0017
0.00 0.0184 0.0032  0.0019 0.00 0.0139 0.0034 0.0014 0.00 0.0163 0.0026  0.0017
0.10 0.0164 0.0028 0.0017 0.10 0.0218 0.0040  0.0022 0.10 0.0181 0.0026  0.0019
0.20 0.0233 0.0035  0.0024 0.20 0.0251 0.0044  0.0026 0.20 0.0240 0.0031 0.0025
0.30 0.0247 0.0040  0.0025 0.30 0.0223 0.0037  0.0023 0.30 0.0234 0.0031  0.0024
0.40 0.0455 0.0053  0.0046 0.40 0.0450 0.0049  0.0046 0.40 0.0452 0.0041  0.0046
0.50 0.0842 0.0088  0.0086 0.50 0.1010 0.0084 0.0103 0.50 0.0930 0.0069  0.0095
0.60 0.2283 0.0152  0.0233 0.60 0.2355 0.0135  0.0240 0.60 0.2324 0.0114  0.0237
0.70 0.4219 0.0246  0.0431 0.70 0.4899 0.0206  0.0500 0.70 0.4619 0.0178 0.0472
0.80 0.7647 0.0304 0.0781 0.80 0.7588 0.0243 0.0774 0.80 0.7611 0.0214  0.0777
0.87 1.0095 0.1375 0.1031 0.87 0.8490 0.1851  0.0866 0.87 0.9524 0.1243  0.0972
2.710 GeV < /s < 2.720 GeV
-0.80 0.0479 0.0105  0.0049 -0.80 0.0479 0.0128  0.0049
-0.70 0.0249 0.0046  0.0026 -0.70 0.0249 0.0055  0.0026
-0.60 0.0188 0.0035 0.0019 -0.60 0.0188 0.0043 0.0019
-0.50 0.0114 0.0027  0.0012 -0.50 0.0114 0.0033  0.0012
-0.40 0.0131 0.0033  0.0013 -0.39 0.0143 0.0054 0.0015 -0.40 0.0134 0.0031 0.0014
-0.30 0.0098 0.0025 0.0010 -0.30 0.0223 0.0059  0.0023 -0.30 0.0116 0.0025 0.0012
-0.20 0.0137 0.0038 0.0014 -0.20 0.0194 0.0056  0.0020 -0.20 0.0155 0.0035 0.0016
-0.10 0.0149 0.0028 0.0015 -0.10 0.0099 0.0028 0.0010 -0.10 0.0124 0.0022 0.0013
0.00 0.0139 0.0027  0.0014 0.00 0.0193 0.0037  0.0020 0.00 0.0158 0.0024 0.0016
0.10 0.0185 0.0028 0.0019 0.10 0.0183 0.0035 0.0019 0.10 0.0184 0.0025 0.0019
0.20 0.0220 0.0032  0.0023 0.20 0.0169 0.0033  0.0017 0.20 0.0195 0.0026  0.0020
0.30 0.0285 0.0036  0.0029 0.30 0.0300 0.0042  0.0031 0.30 0.0291 0.0031  0.0030
0.40 0.0334 0.0039  0.0034 0.40 0.0443 0.0046  0.0045 0.40 0.0379 0.0034  0.0039
0.50 0.0885 0.0071  0.0091 0.50 0.1082 0.0084 0.0111 0.50 0.0967 0.0061  0.0099
0.60 0.2165 0.0108 0.0221 0.60 0.2276 0.0121  0.0233 0.60 0.2214 0.0091  0.0226
0.70 0.4266 0.0162  0.0436 0.70 0.4323 0.0180  0.0442 0.70 0.4291 0.0136  0.0439
0.80 0.8294 0.0238  0.0848 0.80 0.8456 0.0249 0.0864 0.80 0.8372 0.0195 0.0856
0.87 0.9348 0.1872  0.0956 0.87 1.1237 0.2674 0.1148 0.87 0.9969 0.1724  0.1019
2.720 GeV < /5 < 2.730 GeV
-0.80 0.0450 0.0125  0.0046 -0.80 0.0450 0.0151  0.0046
-0.70 0.0237 0.0050  0.0024 -0.70 0.0237 0.0061  0.0024
-0.60 0.0142 0.0034 0.0015 -0.60 0.0142 0.0041  0.0015
-0.50 0.0120 0.0029  0.0012 -0.50 0.0120 0.0035  0.0012
-0.40 0.0180 0.0038 0.0018 -0.39 0.0242 0.0073  0.0025 -0.40 0.0193 0.0037  0.0020
-0.30 0.0147 0.0032  0.0015 -0.30 0.0208 0.0056  0.0021 -0.30 0.0162 0.0031 0.0017
-0.20 0.0169 0.0045 0.0017 -0.21 0.0211 0.0080  0.0022 -0.20 0.0179 0.0044  0.0018
-0.10 0.0175 0.0032 0.0018 -0.10 0.0202 0.0042  0.0021 -0.10 0.0185 0.0029 0.0019
0.00 0.0151 0.0028  0.0015 0.00 0.0194 0.0041  0.0020 0.00 0.0165 0.0026  0.0017
0.10 0.0146 0.0026  0.0015 0.10 0.0181 0.0037  0.0019 0.10 0.0158 0.0024 0.0016
0.20 0.0155 0.0028 0.0016 0.20 0.0189 0.0036  0.0019 0.20 0.0168 0.0025  0.0017




APPENDIX A. DATA TABLES 202
0.30 0.0225 0.0033  0.0023 0.30 0.0167 0.0032 0.0017 0.30 0.0195 0.0026  0.0020
0.40 0.0348 0.0041 0.0036 0.40 0.0480 0.0051 0.0049 0.40 0.0401 0.0036  0.0041
0.50 0.0988 0.0077  0.0101 0.50 0.1060 0.0084 0.0108 0.50 0.1021 0.0064 0.0104
0.60 0.2027 0.0110 0.0208 0.60 0.2185 0.0125 0.0224 0.60 0.2095 0.0094 0.0215
0.70 0.4201 0.0157  0.0430 0.70 0.4368 0.0187  0.0447 0.70 0.4270 0.0135 0.0437
0.80 0.7596 0.0224 0.0778 0.80 0.7845 0.0251 0.0803 0.80 0.7706 0.0189 0.0789
0.87 1.1275 0.3763 0.1154 0.87 1.1275 0.4561 0.1154
2.750 GeV < /5 < 2.760 GeV
-0.80 0.0306 0.0081 0.0031 -0.80 0.0306 0.0098 0.0031
-0.70 0.0205 0.0045 0.0021 -0.70 0.0205 0.0055  0.0021
-0.60 0.0160 0.0035 0.0016 -0.60 0.0160 0.0042 0.0016
-0.50 0.0138 0.0031 0.0014 -0.50 0.0138 0.0038 0.0014
-0.40 0.0146 0.0036  0.0015 -0.39 0.0184 0.0071 0.0019 -0.40 0.0154 0.0036  0.0016
-0.30 0.0072 0.0023  0.0007 -0.30 0.0129 0.0043 0.0013 -0.30 0.0085 0.0022  0.0009
-0.21 0.0205 0.0077  0.0021 -0.21 0.0205 0.0093 0.0021
-0.10 0.0133 0.0033 0.0014 -0.10 0.0264 0.0053  0.0027 -0.10 0.0171 0.0032 0.0018
0.00 0.0123 0.0044  0.0013 0.00 0.0180 0.0042 0.0018 0.00 0.0153 0.0035 0.0016
0.10 0.0148 0.0040 0.0015 0.10 0.0100 0.0025 0.0010 0.10 0.0113 0.0024 0.0012
0.20 0.0147 0.0032 0.0015 0.20 0.0147 0.0039 0.0015
0.30 0.0179 0.0030 0.0018 0.30 0.0153 0.0030 0.0016 0.30 0.0166 0.0024 0.0017
0.40 0.0319 0.0041 0.0033 0.40 0.0356 0.0043  0.0037 0.40 0.0337 0.0034 0.0035
0.50 0.0698 0.0065 0.0072 0.50 0.0755 0.0071 0.0078 0.50 0.0724 0.0054 0.0074
0.60 0.1633 0.0098 0.0168 0.60 0.1941 0.0118 0.0199 0.60 0.1758 0.0085 0.0181
0.70 0.3616 0.0151 0.0372 0.70 0.3731 0.0165 0.0383 0.70 0.3668 0.0126  0.0377
0.80 0.6805 0.0217  0.0700 0.80 0.7204 0.0238 0.0740 0.80 0.6986 0.0181 0.0718
0.86 0.8281 0.0577  0.0851 0.86 0.9421 0.0796  0.0968 0.86 0.8673 0.0526  0.0891
2.760 GeV < /s < 2.770 GeV
-0.80 0.0313 0.0089  0.0032 -0.80 0.0313 0.0108 0.0032
-0.70 0.0216 0.0044  0.0022 -0.70 0.0216 0.0053  0.0022
-0.60 0.0134 0.0032 0.0014 -0.60 0.0134 0.0038 0.0014
-0.50 0.0110 0.0027  0.0011 -0.50 0.0176 0.0068  0.0018 -0.50 0.0119 0.0027  0.0012
-0.40 0.0087 0.0026  0.0009 -0.41 0.0217 0.0069  0.0022 -0.40 0.0104 0.0027 0.0011
-0.30 0.0112 0.0030 0.0012 -0.30 0.0112 0.0037 0.0012
-0.20 0.0096 0.0030 0.0010 -0.20 0.0174 0.0057  0.0018 -0.20 0.0113 0.0029 0.0012
-0.10 0.0094 0.0022 0.0010 -0.10 0.0215 0.0049 0.0022 -0.10 0.0115 0.0022 0.0012
0.00 0.0183 0.0031 0.0019 0.00 0.0097 0.0027  0.0010 0.00 0.0134 0.0023 0.0014
0.10 0.0151 0.0026  0.0016 0.10 0.0176 0.0035 0.0018 0.10 0.0160 0.0023 0.0016
0.20 0.0170 0.0029 0.0017 0.20 0.0212 0.0038  0.0022 0.20 0.0185 0.0026  0.0019
0.30 0.0134 0.0025 0.0014 0.30 0.0174 0.0031 0.0018 0.30 0.0149 0.0022 0.0015
0.40 0.0342 0.0040 0.0035 0.40 0.0391 0.0044 0.0040 0.40 0.0364 0.0034 0.0037
0.50 0.0751 0.0066  0.0077 0.50 0.0727 0.0069  0.0075 0.50 0.0739 0.0054 0.0076
0.60 0.1653 0.0094 0.0170 0.60 0.1822 0.0109 0.0187 0.60 0.1725 0.0080 0.0178
0.70 0.3936 0.0151 0.0405 0.70 0.4358 0.0184  0.0448 0.70 0.4106 0.0132  0.0423
0.80 0.7493 0.0229 0.0771 0.80 0.7441 0.0234 0.0765 0.80 0.7468 0.0185 0.0769
0.86 0.8978 0.0817  0.0924 0.86 0.8367 0.0668  0.0861 0.86 0.8612 0.0584  0.0886
2.770 GeV < /s < 2.780 GeV
-0.70 0.0192 0.0042  0.0020 -0.70 0.0192 0.0050 0.0020
-0.60 0.0157 0.0034 0.0016 -0.60 0.0157 0.0041 0.0016
-0.50 0.0127 0.0029 0.0013 -0.50 0.0127 0.0035 0.0013
-0.40 0.0124 0.0031 0.0013 -0.41 0.0248 0.0090 0.0026 -0.40 0.0138 0.0032 0.0014
-0.30 0.0151 0.0033 0.0016 -0.30 0.0178 0.0052  0.0018 -0.30 0.0159 0.0031 0.0016
-0.20 0.0121 0.0033 0.0012 -0.19 0.0202 0.0069 0.0021 -0.20 0.0136 0.0033 0.0014
-0.10 0.0105 0.0024 0.0011 -0.10 0.0156 0.0035 0.0016 -0.10 0.0122 0.0022 0.0013
0.00 0.0105 0.0023 0.0011 0.00 0.0128 0.0031 0.0013 0.00 0.0113 0.0021 0.0012
0.10 0.0135 0.0025 0.0014 0.10 0.0185 0.0037  0.0019 0.10 0.0151 0.0023 0.0016
0.20 0.0129 0.0025 0.0013 0.20 0.0152 0.0031 0.0016 0.20 0.0138 0.0022 0.0014
0.30 0.0173 0.0028 0.0018 0.30 0.0206 0.0035 0.0021 0.30 0.0186 0.0025 0.0019
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0.40 0.0249 0.0043  0.0026 0.40 0.0292 0.0038  0.0030 0.40 0.0273 0.0033  0.0028
0.50 0.0678 0.0062  0.0070 0.50 0.0629 0.0064  0.0065 0.50 0.0654 0.0050  0.0067
0.60 0.1762 0.0099 0.0182 0.60 0.1699 0.0106  0.0175 0.60 0.1733 0.0082  0.0179
0.70 0.3382 0.0139  0.0349 0.70 0.3928 0.0169  0.0405 0.70 0.3602 0.0121  0.0371
0.80 0.6858 0.0211  0.0707 0.80 0.7289 0.0232  0.0751 0.80 0.7053 0.0177  0.0727
0.86 0.9548 0.0833  0.0984 0.86 0.8455 0.0742  0.0871 0.86 0.8938 0.0626  0.0921
2.780 GeV < /5 < 2.790 GeV
-0.70 0.0133 0.0036  0.0014 -0.70 0.0133 0.0044 0.0014
-0.60 0.0152 0.0034 0.0016 -0.60 0.0152 0.0041 0.0016
-0.50 0.0125 0.0030  0.0013 -0.50 0.0125 0.0036  0.0013
-0.40 0.0131 0.0034 0.0014 -0.40 0.0231 0.0074  0.0024 -0.40 0.0149 0.0034 0.0015
-0.30 0.0148 0.0032  0.0015 -0.29 0.0195 0.0074  0.0020 -0.30 0.0155 0.0032  0.0016
-0.20 0.0107 0.0032  0.0011 -0.20 0.0215 0.0070  0.0022 -0.20 0.0126 0.0032  0.0013
-0.10 0.0099 0.0024 0.0010 -0.10 0.0139 0.0035 0.0014 -0.10 0.0112 0.0022 0.0012
0.00 0.0137 0.0028 0.0014 0.00 0.0150 0.0034 0.0015 0.00 0.0142 0.0024 0.0015
0.10 0.0111 0.0023 0.0011 0.10 0.0162 0.0033  0.0017 0.10 0.0128 0.0021  0.0013
0.20 0.0127 0.0025 0.0013 0.20 0.0135 0.0031  0.0014 0.20 0.0130 0.0022  0.0013
0.30 0.0132 0.0025 0.0014 0.30 0.0152 0.0029 0.0016 0.30 0.0140 0.0022 0.0014
0.40 0.0269 0.0038  0.0028 0.40 0.0252 0.0038  0.0026 0.40 0.0260 0.0030  0.0027
0.50 0.0602 0.0061  0.0062 0.50 0.0585 0.0061  0.0060 0.50 0.0594 0.0049 0.0061
0.60 0.1661 0.0097 0.0172 0.60 0.1616 0.0106  0.0167 0.60 0.1641 0.0081 0.0169
0.70 0.3767 0.0152  0.0389 0.70 0.3528 0.0162  0.0364 0.70 0.3656 0.0125  0.0377
0.80 0.6634 0.0213  0.0685 0.80 0.6663 0.0235  0.0687 0.80 0.6647 0.0178  0.0686
0.86 0.8905 0.0684  0.0919 0.86 0.8757 0.0777  0.0903 0.86 0.8840 0.0580  0.0912
2.790 GeV < /s < 2.800 GeV
-0.80 0.0342 0.0094 0.0035 -0.80 0.0342 0.0114  0.0035
-0.70 0.0188 0.0044 0.0019 -0.70 0.0188 0.0053  0.0019
-0.60 0.0123 0.0032 0.0013 -0.60 0.0123 0.0039 0.0013
-0.50 0.0100 0.0028  0.0010 -0.50 0.0100 0.0034 0.0010
-0.40 0.0103 0.0030 0.0011 -0.41 0.0246 0.0093  0.0025 -0.40 0.0117 0.0031  0.0012
-0.30 0.0077 0.0024  0.0008 -0.30 0.0122 0.0047  0.0013 -0.30 0.0086 0.0024  0.0009
-0.20 0.0136 0.0040 0.0014 -0.20 0.0209 0.0063  0.0022 -0.20 0.0157 0.0038 0.0016
-0.10 0.0072 0.0021  0.0007 -0.10 0.0110 0.0032  0.0011 -0.10 0.0084 0.0020  0.0009
0.00 0.0117 0.0026  0.0012 0.00 0.0140 0.0034 0.0014 0.00 0.0125 0.0023  0.0013
0.10 0.0109 0.0024 0.0011 0.09 0.0241 0.0047  0.0025 0.10 0.0136 0.0023 0.0014
0.20 0.0115 0.0027  0.0012 0.21 0.0120 0.0035 0.0012 0.20 0.0117 0.0024 0.0012
0.30 0.0181 0.0030 0.0019 0.30 0.0167 0.0033  0.0017 0.30 0.0175 0.0025 0.0018
0.40 0.0267 0.0037  0.0028 0.40 0.0283 0.0041  0.0029 0.40 0.0274 0.0031  0.0028
0.50 0.0566 0.0061  0.0059 0.50 0.0576 0.0063  0.0060 0.50 0.0571 0.0050  0.0059
0.60 0.1572 0.0102  0.0162 0.60 0.2011 0.0129  0.0208 0.60 0.1741 0.0090 0.0180
0.70 0.3557 0.0154  0.0368 0.70 0.3709 0.0176  0.0383 0.70 0.3623 0.0131  0.0374
0.80 0.7066 0.0235 0.0730 0.80 0.7305 0.0256  0.0754 0.80 0.7175 0.0196  0.0741
0.86 0.7244 0.0648  0.0749 0.86 0.7439 0.0744  0.0768 0.86 0.7328 0.0553  0.0757
2.800 GeV < /s < 2.810 GeV
-0.80 0.0221 0.0069  0.0023 -0.80 0.0221 0.0083  0.0023
-0.70 0.0140 0.0036  0.0015 -0.70 0.0140 0.0044  0.0015
-0.60 0.0128 0.0030 0.0013 -0.60 0.0128 0.0037 0.0013
-0.50 0.0049 0.0018  0.0005 -0.50 0.0049 0.0022  0.0005
-0.40 0.0121 0.0033 0.0013 -0.40 0.0188 0.0067  0.0019 -0.40 0.0134 0.0032 0.0014
-0.30 0.0111 0.0028  0.0011 -0.30 0.0206 0.0055  0.0021 -0.30 0.0130 0.0027  0.0013
-0.20 0.0112 0.0031  0.0012 -0.20 0.0112 0.0038 0.0012
-0.10 0.0096 0.0023  0.0010 -0.10 0.0128 0.0033  0.0013 -0.10 0.0106 0.0021  0.0011
0.00 0.0113 0.0024 0.0012 0.00 0.0185 0.0037  0.0019 0.00 0.0134 0.0023 0.0014
0.10 0.0113 0.0023 0.0012 0.10 0.0133 0.0031 0.0014 0.10 0.0120 0.0020 0.0012
0.20 0.0140 0.0026  0.0015 0.20 0.0124 0.0029  0.0013 0.20 0.0133 0.0022 0.0014
0.30 0.0146 0.0025 0.0015 0.30 0.0179 0.0031  0.0018 0.30 0.0159 0.0022 0.0016
0.40 0.0265 0.0035  0.0027 0.40 0.0306 0.0039  0.0032 0.40 0.0283 0.0029  0.0029
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0.50 0.0573 0.0057  0.0059 0.50 0.0541 0.0058  0.0056 0.50 0.0558 0.0046  0.0058
0.60 0.1468 0.0093 0.0152 0.60 0.1659 0.0101 0.0172 0.60 0.1556 0.0077  0.0161
0.70 0.3427 0.0149  0.0355 0.70 0.3236 0.0150  0.0335 0.70 0.3332 0.0120  0.0345
0.80 0.6427 0.0208  0.0665 0.80 0.6396 0.0215 0.0661 0.80 0.6412 0.0169  0.0663
0.86 0.6357 0.0530 0.0658 0.86 0.6870 0.0646 0.0711 0.86 0.6564 0.0463  0.0679
2.810 GeV < /s < 2.820 GeV
-0.80 0.0180 0.0060 0.0019 -0.80 0.0180 0.0073  0.0019
-0.70 0.0148 0.0039  0.0015 -0.70 0.0148 0.0047  0.0015
-0.60 0.0167 0.0038  0.0017 -0.60 0.0167 0.0045 0.0017
-0.50 0.0078 0.0023  0.0008 -0.50 0.0078 0.0028  0.0008
-0.30 0.0082 0.0025  0.0009 -0.29 0.0138 0.0053 0.0014 -0.30 0.0092 0.0025 0.0010
-0.20 0.0081 0.0026  0.0008 -0.20 0.0081 0.0031  0.0008
-0.10 0.0066 0.0019  0.0007 -0.10 0.0081 0.0026  0.0008 -0.10 0.0072 0.0017  0.0007
0.00 0.0095 0.0023  0.0010 0.00 0.0159 0.0036  0.0016 0.00 0.0114 0.0022  0.0012
0.10 0.0125 0.0026  0.0013 0.11 0.0136 0.0036  0.0014 0.10 0.0129 0.0024  0.0013
0.20 0.0136 0.0031 0.0014 0.20 0.0137 0.0032  0.0014 0.20 0.0137 0.0025 0.0014
0.30 0.0177 0.0033  0.0018 0.30 0.0201 0.0035 0.0021 0.30 0.0188 0.0027  0.0019
0.40 0.0290 0.0041  0.0030 0.40 0.0321 0.0044  0.0033 0.40 0.0304 0.0034  0.0032
0.50 0.0573 0.0072  0.0059 0.50 0.0704 0.0070  0.0073 0.50 0.0640 0.0057  0.0066
0.60 0.1347 0.0115 0.0140 0.60 0.1289 0.0095 0.0133 0.60 0.1313 0.0083  0.0136
0.70 0.3511 0.0262 0.0364 0.70 0.3346 0.0168  0.0346 0.70 0.3393 0.0158 0.0351
0.80 0.5927 0.0274 0.0614 0.80 0.6325 0.0218  0.0655 0.80 0.6170 0.0193  0.0639
0.86 0.8309 0.0725 0.0861 0.86 0.9515 0.0888  0.0985 0.86 0.8791 0.0634 0.0911
2.820 GeV < /5 < 2.830 GeV
-0.80 0.0254 0.0077  0.0026 -0.80 0.0254 0.0093  0.0026
-0.70 0.0171 0.0041  0.0018 -0.70 0.0171 0.0049 0.0018
-0.60 0.0182 0.0048  0.0019 -0.60 0.0182 0.0058  0.0019
-0.50 0.0096 0.0026  0.0010 -0.50 0.0096 0.0031  0.0010
-0.40 0.0088 0.0027  0.0009 -0.40 0.0088 0.0033  0.0009
-0.30 0.0091 0.0027  0.0009 -0.30 0.0116 0.0044 0.0012 -0.30 0.0098 0.0026  0.0010
-0.20 0.0104 0.0031  0.0011 -0.20 0.0104 0.0038  0.0011
-0.10 0.0085 0.0022  0.0009 -0.10 0.0064 0.0023  0.0007 -0.10 0.0075 0.0018  0.0008
0.00 0.0085 0.0021  0.0009 0.00 0.0145 0.0036  0.0015 0.00 0.0100 0.0020  0.0010
0.10 0.0088 0.0021  0.0009 0.10 0.0132 0.0032  0.0014 0.10 0.0102 0.0019  0.0011
0.20 0.0115 0.0024  0.0012 0.20 0.0115 0.0029  0.0012 0.20 0.0115 0.0021  0.0012
0.30 0.0135 0.0024 0.0014 0.30 0.0163 0.0030 0.0017 0.30 0.0146 0.0021  0.0015
0.40 0.0227 0.0034  0.0024 0.40 0.0240 0.0036  0.0025 0.40 0.0233 0.0028  0.0024
0.50 0.0524 0.0056  0.0054 0.50 0.0623 0.0063  0.0065 0.50 0.0567 0.0047  0.0059
0.60 0.1239 0.0085 0.0129 0.60 0.1688 0.0110 0.0175 0.60 0.1406 0.0076  0.0146
0.70 0.3297 0.0144  0.0342 0.70 0.3204 0.0156  0.0332 0.70 0.3254 0.0120  0.0338
0.80 0.6499 0.0218  0.0675 0.80 0.6837 0.0229  0.0709 0.80 0.6660 0.0179  0.0691
0.86 0.8675 0.0757  0.0900 0.86 0.6792 0.0683  0.0704 0.86 0.7636 0.0573  0.0792
2.830 GeV < /5 < 2.840 GeV
-0.80 0.0222 0.0075  0.0023 -0.80 0.0222 0.0090 0.0023
-0.70 0.0180 0.0044  0.0019 -0.70 0.0180 0.0053  0.0019
-0.60 0.0101 0.0029  0.0011 -0.60 0.0101 0.0035 0.0011
-0.50 0.0068 0.0022  0.0007 -0.50 0.0068 0.0027  0.0007
-0.40 0.0078 0.0027  0.0008 -0.40 0.0078 0.0033  0.0008
-0.30 0.0117 0.0030 0.0012 -0.30 0.0117 0.0037  0.0012
-0.20 0.0071 0.0025  0.0007 -0.20 0.0071 0.0030  0.0007
-0.10 0.0057 0.0018  0.0006 -0.10 0.0070 0.0024  0.0007 -0.10 0.0062 0.0016  0.0006
0.00 0.0092 0.0022  0.0010 0.00 0.0117 0.0029  0.0012 0.00 0.0102 0.0020  0.0011
0.10 0.0098 0.0022  0.0010 0.10 0.0118 0.0030  0.0012 0.10 0.0105 0.0020 0.0011
0.20 0.0154 0.0029 0.0016 0.20 0.0175 0.0037  0.0018 0.20 0.0162 0.0026  0.0017
0.30 0.0100 0.0021  0.0010 0.30 0.0163 0.0031  0.0017 0.30 0.0120 0.0020  0.0012
0.40 0.0193 0.0032  0.0020 0.40 0.0273 0.0039  0.0028 0.40 0.0226 0.0028  0.0023
0.50 0.0479 0.0053  0.0050 0.50 0.0523 0.0057  0.0054 0.50 0.0499 0.0044  0.0052
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0.60
0.70
0.80
0.86

0.1187
0.2804
0.5383
0.6576

0.0083
0.0135
0.0191
0.0677

0.0123
0.0291
0.0559
0.0683

0.60
0.70
0.80
0.86

0.1482
0.3234
0.6129
0.9188

0.0099
0.0158
0.0221
0.1021

0.0154
0.0336
0.0636
0.0954

0.60
0.70
0.80
0.86

0.1308
0.2985
0.5703
0.7373
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0.0072
0.0116
0.0164
0.0633

0.0136
0.0310
0.0592
0.0766
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A.2 P, Measurements

The table below lists A recoil polarization (Py) measurements for the yp — KTA reaction as
discussed in Chapter 7. The results are broken into three major columns, representing measurement
from our analysis of gi1a two-track (pK+) and three-track (pK ™7 ~) topologies and the averaged
results. Each column has three sub-columns, listing values of cos Hg s Pa, and statistical uncertainty
(0stat). The systematic uncertainty (AP,) on all measurements has been approximated to be 0.0585

(see §7.3).

Two-track (pK ) Topology | Three-track (pK 7~ ) Topology Weighted average

cos Q(IfM Py Ostat cos G(ISM Py Ostat cos GgM Py Ostat

1.620 GeV < /s < 1.630 GeV

-0.10 -0.0241  0.0508 -0.10 -0.0241  0.0508
0.00 0.0647  0.0469 0.00 0.0647  0.0469
0.10 0.1681  0.0868 0.10 0.1681  0.0868
0.20 0.2932  0.1527 0.20 0.2932  0.1527
0.30 0.4293  0.1954 0.30 0.4293  0.1954
0.40 0.4257  0.1906 0.40 0.4257  0.1906
0.50 0.3094  0.1377 0.50 0.3094  0.1377
0.60 -0.0264  0.1323 0.60 -0.0264  0.1323
0.70 -0.3241  0.1303 0.70 -0.3241  0.1303

1.630 GeV < /s < 1.640 GeV

-0.40 0.0915  0.1378 -0.40 0.0915  0.1378
-0.30 0.0549  0.1129 -0.30 0.0549  0.1129
-0.20 0.0295  0.0823 -0.20 0.0295  0.0823
-0.10 0.0200  0.0531 -0.10 0.0200  0.0531
0.00 0.0277  0.0399 0.00 0.0277  0.0399
0.10 0.0501  0.0512 0.10 0.0501  0.0512
0.20 0.0800  0.0872 0.20 0.0800  0.0872
0.30 0.1126  0.1205 0.30 0.1126  0.1205
0.40 0.1265  0.1282 0.40 0.1265  0.1282
0.50 0.1167  0.0934 0.50 0.1167  0.0934
0.60 0.0657  0.0910 0.60 0.0657  0.0910
0.70 -0.0475 0.1078 0.70 -0.0475 0.1078
0.80 -0.1869  0.1453 0.80 -0.1869  0.1453

1.640 GeV < /s < 1.650 GeV

-0.40 0.2184  0.0748 -0.40 0.2184  0.0748
-0.30 0.1599  0.0615 -0.30 0.1599  0.0615
-0.20 0.1240  0.0552 -0.20 0.1240  0.0552
-0.10 0.1106  0.0599 -0.10 0.1106  0.0599
0.00 0.1106  0.0745 0.00 0.1106  0.0745
0.10 0.1118  0.0947 0.10 0.1118  0.0947
0.20 0.1038  0.1146 0.20 0.1038  0.1146
0.30 0.0768  0.1295 0.30 0.0768  0.1295
0.40 0.0446  0.1359 0.40 0.0446  0.1359
0.50 0.0160  0.1314 0.50 0.0160 0.1314
0.60 0.0088  0.1174 0.60 0.0088  0.1174
0.70 0.0413  0.1121 0.70 0.0413  0.1121
0.80 0.1072  0.1141 0.80 0.1072  0.1141

1.650 GeV < /s < 1.660 GeV
-0.10  -0.0474  0.0622 -0.10  -0.0474  0.0622
0.00 -0.0927  0.0754 0.00 -0.0927  0.0754
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0.10 -0.1461  0.0928 0.10 -0.1461  0.0928
0.20 -0.1933  0.1043 0.20 -0.1933  0.1043
0.30 -0.2269  0.1073 0.30 -0.2269  0.1073
0.40 -0.2497  0.1035 0.40 -0.2497  0.1035
0.50 -0.2550  0.0976 0.50 -0.2550  0.0976
0.60 -0.2482  0.0946 0.60 -0.2482  0.0946
0.70 -0.2302  0.0978 0.70 -0.2302  0.0978
0.80 -0.1872  0.1024 0.80 -0.1872  0.1024
1.660 GeV < /s < 1.670 GeV
0.00 0.0597  0.0533 0.00 0.0597  0.0533
0.10 0.0532  0.0704 0.10 0.0532  0.0704
0.20 0.0174  0.0862 0.20 0.0174  0.0862
0.30 -0.0273  0.0988 0.30 -0.0273  0.0988
0.40 -0.0704  0.1004 0.40 -0.0704  0.1004
0.50 -0.0915  0.0898 0.50 -0.0915  0.0898
0.60 -0.0977  0.0792 0.60 -0.0977  0.0792
0.70 -0.0916  0.0811 0.70 -0.0916  0.0811
0.80 -0.0879  0.0680 0.80 -0.0879  0.0680
1.670 GeV < /s < 1.680 GeV
-0.40 0.1501  0.0662 -0.40 0.1501  0.0662
-0.30 0.0644  0.0557 -0.30 0.0644  0.0557
-0.20 0.0383  0.0356 -0.20 0.0383  0.0356
-0.10 0.0375  0.0318 -0.10 0.0375  0.0318
0.00 0.0129  0.0466 0.00 0.0129  0.0466
0.10 -0.0663  0.0682 0.10 -0.0663  0.0682
0.20 -0.1892  0.0861 0.20 -0.1892  0.0861
0.30 -0.3096  0.0999 0.30 -0.3096  0.0999
0.40 -0.3760  0.1024 0.40 -0.3760 0.1024
0.50 -0.3422  0.0919 0.50 -0.3422  0.0919
0.60 -0.2870  0.0804 0.60 -0.2870  0.0804
0.70 -0.3064  0.0860 0.70 -0.3064  0.0860
0.80 -0.3556  0.0838 0.80 -0.3556  0.0838
1.680 GeV < /s < 1.690 GeV
-0.40 0.2499  0.0398 -0.40 0.2499  0.0398
-0.30 0.1514  0.0271 -0.30 0.1514  0.0271
-0.20 0.0627  0.0273 -0.20 0.0627  0.0273
-0.10 -0.0141  0.0362 -0.10 -0.0141  0.0362
0.00 -0.0806  0.0495 0.00 -0.0806  0.0495
0.10 -0.1400  0.0492 0.10 -0.1400  0.0492
0.20 -0.1936  0.0411 0.20 -0.1936  0.0411
0.30 -0.2399  0.0361 0.30 -0.2399  0.0361
0.40 -0.2782  0.0380 0.40 -0.2782  0.0380
0.50 -0.2856  0.0440 0.50 -0.2856  0.0440
0.60 -0.2596  0.0491 0.60 -0.2596  0.0491
0.70 -0.1923  0.0670 0.70 -0.1923  0.0670
0.80 -0.0867  0.0718 0.80 -0.0867 0.0718
1.690 GeV < /s < 1.700 GeV
-0.40 0.1775  0.0877 -0.40 0.1775  0.0877
-0.30 0.1101  0.0859 -0.30 0.1101  0.0859
-0.20 0.0231  0.0761 -0.20 0.0231  0.0761
-0.10 -0.0669  0.0592 -0.10 -0.0669  0.0592
0.00 -0.1491  0.0425 0.00 -0.1491  0.0425
0.10 -0.2195  0.0330 0.10 -0.2195  0.0330
0.20 -0.2791  0.0309 0.20 -0.2791  0.0309
0.30 -0.3301  0.0324 0.30 -0.3301  0.0324
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0.40 -0.3719  0.0385 0.40 -0.3719 0.0385
0.50 -0.4026  0.0497 0.50 -0.4026  0.0497
0.60 -0.3971  0.0636 0.60 -0.3971  0.0636
0.70 -0.3393  0.0682 0.70 -0.3393  0.0682
0.80 -0.2110  0.0590 0.80 -0.2110  0.0590
1.700 GeV < /s < 1.710 GeV
-0.50 0.1117 0.0550 -0.50 0.1117 0.0550
-0.40 0.0041 0.0735 -0.40 0.0041 0.0735
-0.30 -0.0853  0.1000 -0.30 -0.0853  0.1000
-0.20 -0.1477  0.1022 -0.20 -0.1477  0.1022
-0.10 -0.1795 0.0744 -0.10 -0.1795 0.0744
0.00 -0.1894  0.0466 0.00 -0.1894  0.0466
0.10 -0.1965  0.0419 0.10 -0.1324 0.1159 0.10 -0.1891  0.0505
0.20 -0.2191  0.0582 0.20 -0.1011 0.1133 0.20 -0.1945  0.0697
0.30 -0.2659  0.0658 0.30 -0.0790 0.1102 0.30 -0.2167  0.0775
0.40 -0.3320  0.0465 0.40 -0.0927 0.1518 0.40 -0.3115 0.0555
0.50 -0.4101  0.0286 0.50 -0.1960 0.1660 0.50 -0.4039  0.0326
0.60 -0.4391 0.0194 0.60 -0.3063 0.1706 0.60 -0.4374 0.0213
0.70 -0.3981 0.0304 0.70 -0.5328 0.1697 0.70 -0.4023  0.0348
0.80 -0.2605  0.0703 0.80 -0.2605  0.0703
0.88 -0.0955  0.0925 0.88 -0.0955  0.0925
1.710 GeV < /s < 1.720 GeV
-0.50 0.1254 0.0958 -0.50 0.1254 0.0958
-0.40 0.1984 0.1003 -0.40 0.1984 0.1003
-0.30 0.2236 0.1027 -0.30 0.2236 0.1027
-0.20 0.1745 0.1059 -0.20 0.1745 0.1059
-0.10 0.0531 0.0826 -0.10 0.0531 0.0826
0.00 -0.1132  0.0551 0.00 -0.2350 0.0738 0.00 -0.1568  0.0618
0.10 -0.2800  0.0483 0.10 -0.2158 0.0931 0.10 -0.2664  0.0578
0.20 -0.4082  0.0606 0.20 -0.1939 0.1319 0.20 -0.3708 0.0731
0.30 -0.4748  0.0672 0.30 -0.3331 0.1692 0.30 -0.4555  0.0811
0.40 -0.4784  0.0493 0.40 -0.5267 0.1725 0.40 -0.4821  0.0586
0.50 -0.4305 0.0313 0.50 -0.5703 0.1589 0.50 -0.4358  0.0360
0.60 -0.3779  0.0228 0.60 -0.2914 0.1316 0.60 -0.3754  0.0260
0.70 -0.3313  0.0263 0.70 -0.2407 0.1161 0.70 -0.3269  0.0306
0.80 -0.3330  0.0638 0.80 -0.3330  0.0638
0.88 -0.4359  0.0805 0.88 -0.4359  0.0805
1.720 GeV < /s < 1.730 GeV
-0.50 0.3907 0.1570 -0.50 0.3907 0.1570
-0.40 0.2034 0.1263 -0.40 0.2034 0.1263
-0.30 0.0521 0.0650 -0.30 0.0521 0.0650
-0.20 -0.0652  0.0931 -0.20 -0.0652  0.0931
-0.10 -0.1523  0.0960 -0.10 -0.1523  0.0960
0.00 -0.2217  0.0703 0.00 -0.1140 0.0912 0.00 -0.1816  0.0781
0.10 -0.2890  0.0404 0.10 -0.3459 0.0878 0.10 -0.2989  0.0487
0.20 -0.3585  0.0244 0.20 -0.5130 0.0848 0.20 -0.3703  0.0290
0.30 -0.4198 0.0184 0.30 -0.5507 0.0743 0.30 -0.4273  0.0216
0.40 -0.4561  0.0193 0.40 -0.5756 0.0494 0.40 -0.4719  0.0233
0.50 -0.4542  0.0274 0.50 -0.6144 0.0575 0.50 -0.4838  0.0329
0.60 -0.3941  0.0411 0.60 -0.6080 0.0749 0.60 -0.4436  0.0490
0.70 -0.3175  0.0392 0.70 -0.3289 0.1186 0.70 -0.3186  0.0470
0.80 -0.3068 0.0676 0.80 -0.3068 0.0676
0.89 -0.4159  0.0749 0.89 -0.4159 0.0749
1.730 GeV < /s < 1.740 GeV
-0.40 0.2579 0.0928 ‘ ‘ -0.40 0.2579 0.0928
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-0.30 0.0825 0.0668 -0.30 0.0825 0.0668
-0.20 -0.1057  0.0402 -0.20 -0.1057  0.0402
-0.10 -0.2437  0.0401 -0.10 -0.2437  0.0401
0.00 -0.3212  0.0500 0.00 0.0397 0.1115 0.00 -0.2607  0.0603
0.10 -0.3575  0.0375 0.10 -0.2431 0.0654 0.10 -0.3291 0.0444
0.20 -0.3792  0.0305 0.20 -0.4330 0.0255 0.20 -0.4108 0.0276
0.30 -0.4064 0.0376 0.30 -0.5483 0.0144 0.30 -0.5301 0.0174
0.40 -0.4458 0.0570 0.40 -0.5496 0.0196 0.40 -0.5386  0.0235
0.50 -0.4880 0.0650 0.50 -0.4951 0.0418 0.50 -0.4930 0.0486
0.60 -0.5075 0.0632 0.60 -0.4209 0.0512 0.60 -0.4552  0.0559
0.70 -0.4539 0.0443 0.70 -0.4369 0.1150 0.70 -0.4517 0.0535
0.80 -0.2926  0.0824 0.80 -0.2926  0.0824
1.740 GeV < /s < 1.750 GeV
-0.40 -0.0742 0.1001 -0.40 -0.0742 0.1001
-0.30 -0.0766  0.0820 -0.30 -0.0766  0.0820
-0.20 -0.0948 0.0607 -0.20 -0.0948 0.0607
-0.10 -0.1175  0.0646 -0.10 -0.1175  0.0646
0.00 -0.1546  0.0684 0.00 -0.3010 0.1637 0.00 -0.1764  0.0825
0.10 -0.2311 0.0487 0.10 -0.3678 0.1541 0.10 -0.2435 0.0582
0.20 -0.3576  0.0362 0.20 -0.4720 0.1201 0.20 -0.3672  0.0432
0.30 -0.5060 0.0380 0.30 -0.5517 0.0679 0.30 -0.5169  0.0452
0.40 -0.6123  0.0521 0.40 -0.5876 0.0339 0.40 -0.5950 0.0394
0.50 -0.6320 0.0628 0.50 -0.5838 0.0336 0.50 -0.5945 0.0401
0.60 -0.5675  0.0576 0.60 -0.5511 0.0374 0.60 -0.5560 0.0434
0.70 -0.4756  0.0584 0.70 -0.4254 0.1229 0.70 -0.4663 0.0703
0.80 -0.2782  0.0600 0.80 -0.2782  0.0600
0.90 0.0753 0.0666 0.90 0.0753 0.0666
1.750 GeV < /s < 1.760 GeV
-0.50 0.5029 0.1654 -0.50 0.5029 0.1654
-0.40 0.2506 0.1309 -0.40 0.2506 0.1309
-0.30 0.0874 0.0755 -0.30 0.0874 0.0755
-0.20 0.0115 0.0522 -0.20 -0.0319 0.1227 -0.20 0.0049 0.0630
-0.10 -0.0472 0.0501 -0.10 0.0448 0.1129 -0.10 -0.0321 0.0604
0.00 -0.1136  0.0505 0.00 0.1216 0.1510 0.00 -0.0899 0.0606
0.10 -0.2077 0.0384 0.10 0.0978 0.1495 0.10 -0.1888 0.0453
0.20 -0.3480 0.0335 0.20 -0.1273 0.1170 0.20 -0.3313  0.0398
0.30 -0.5042 0.0434 0.30 -0.4115 0.0657 0.30 -0.4761 0.0501
0.40 -0.5808 0.0662 0.40 -0.5751 0.0311 0.40 -0.5761 0.0375
0.50 -0.5192 0.0773 0.50 -0.5491 0.0343 0.50 -0.5442  0.0413
0.60 -0.3678 0.0674 0.60 -0.4102 0.0454 0.60 -0.3970 0.0522
0.70 -0.3516  0.0697 0.70 -0.3703 0.1270 0.70 -0.3559  0.0829
0.80 -0.4219 0.1158 0.80 -0.4219 0.1158
0.89 -0.1282  0.1499 0.89 -0.1282  0.1499
1.760 GeV < /s < 1.770 GeV
-0.50 0.1529 0.1613 -0.50 0.1529 0.1613
-0.40 0.0177 0.1395 -0.40 0.0177 0.1395
-0.30 -0.0475 0.1020 -0.30 -0.0475 0.1020
-0.20 -0.1078 0.0774 -0.20 0.0579 0.0843 -0.20 -0.0320 0.0806
-0.10 -0.1839  0.0640 -0.10 -0.1839  0.0640
0.00 -0.2654  0.0539 0.00 -0.2654  0.0539
0.10 -0.3343 0.0423 0.10 -0.1543 0.1007 0.10 -0.3073 0.0511
0.20 -0.3810 0.0416 0.20 -0.3957 0.0941 0.20 -0.3834 0.0502
0.30 -0.4048 0.0508 0.30 -0.5563 0.0658 0.30 -0.4614  0.0564
0.40 -0.4094 0.0563 0.40 -0.4094 0.0563
0.50 -0.4042 0.0478 0.50 -0.4042 0.0478
0.60 -0.4128 0.0364 0.60 -0.4128 0.0364
0.70 -0.4580  0.0466 0.70 -0.4950 0.0912 0.70 -0.4657  0.0559
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0.80 -0.5243 0.0865 0.80 -0.5243 0.0865
0.90 -0.5160 0.1107 0.90 -0.5160 0.1107
1.770 GeV < /s < 1.780 GeV
-0.50 -0.0177  0.0880 -0.50 -0.0177  0.0880
-0.40 -0.1276 0.1019 -0.40 -0.1276 0.1019
-0.30 -0.1835 0.1094 -0.30 -0.1835 0.1094
-0.20 -0.2009 0.0807 -0.20 -0.1116 0.1251 -0.20 -0.1747  0.0937
-0.10 -0.2075  0.0427 -0.10 -0.0625 0.1028 -0.10 -0.1862 0.0515
0.00 -0.2250 0.0277 0.00 -0.0840 0.0783 0.00 -0.2093 0.0333
0.10 -0.2600  0.0354 0.10 -0.2428 0.0478 0.10 -0.2539  0.0398
0.20 -0.3068  0.0491 0.20 -0.3681 0.0331 0.20 -0.3489 0.0381
0.30 -0.3552 0.0538 0.30 -0.4527 0.0353 0.30 -0.4234 0.0409
0.40 -0.3975 0.0511 0.40 -0.4955 0.0413 0.40 -0.4568 0.0451
0.50 -0.4301 0.0430 0.50 -0.5164 0.0414 0.50 -0.4750 0.0422
0.60 -0.4477  0.0380 0.60 -0.5501 0.0615 0.60 -0.4760  0.0445
0.70 -0.4196  0.0565 0.70 -0.5028 0.1451 0.70 -0.4305 0.0681
0.80 -0.3166  0.0942 0.80 -0.3166  0.0942
1.780 GeV < /s < 1.790 GeV
-0.50 0.0479 0.1094 -0.50 0.0479 0.1094
-0.40 0.1973 0.1201 -0.40 0.1973 0.1201
-0.30 0.1795 0.1225 -0.30 0.1795 0.1225
-0.20 0.0338 0.0872 -0.20 -0.2426 0.0701 -0.20 -0.1341 0.0768
-0.10 -0.1281 0.0455 -0.10 -0.2717 0.0819 -0.10 -0.1619  0.0540
0.00 -0.2604 0.0293 0.00 -0.2179 0.0668 0.00 -0.2535 0.0354
0.10 -0.3669  0.0368 0.10 -0.2224 0.0490 0.10 -0.3149 0.0412
0.20 -0.4534  0.0499 0.20 -0.3190 0.0450 0.20 -0.3793  0.0472
0.30 -0.5120  0.0530 0.30 -0.4707 0.0532 0.30 -0.4914 0.0531
0.40 -0.5328 0.0467 0.40 -0.5408 0.0657 0.40 -0.5355 0.0531
0.50 -0.5215 0.0352 0.50 -0.4985 0.0674 0.50 -0.5166  0.0421
0.60 -0.5041 0.0365 0.60 -0.4821 0.0828 0.60 -0.5006  0.0441
0.70 -0.5254  0.0605 0.70 -0.7423 0.1602 0.70 -0.5525  0.0729
0.80 -0.5828 0.1053 0.80 -0.5828 0.1053
1.790 GeV < /s < 1.800 GeV
-0.60 0.2003 0.1025 -0.60 0.2003 0.1025
-0.50 0.2074 0.0973 -0.50 0.2074 0.0973
-0.40 0.2171 0.0825 -0.40 0.2171 0.0825
-0.30 0.1437 0.0801 -0.30 0.1437 0.0801
-0.20 -0.0034 0.0539 -0.20 0.0503 0.1363 -0.20 0.0038 0.0650
-0.10 -0.1360 0.0310 -0.10 -0.1214 0.0611 -0.10 -0.1330 0.0371
0.00 -0.2173  0.0278 0.00 -0.2624 0.0443 0.00 -0.2300 0.0324
0.10 -0.2754  0.0418 0.10 -0.3746 0.0322 0.10 -0.3377  0.0358
0.20 -0.3502 0.0444 0.20 -0.3803 0.0431 0.20 -0.3657  0.0437
0.30 -0.4421 0.0322 0.30 -0.3309 0.0503 0.30 -0.4097  0.0375
0.40 -0.5034  0.0230 0.40 -0.3187 0.0597 0.40 -0.4794  0.0278
0.50 -0.5032 0.0186 0.50 -0.3604 0.0556 0.50 -0.4888 0.0223
0.60 -0.4918 0.0316 0.60 -0.3841 0.0815 0.60 -0.4777  0.0381
0.70 -0.5691 0.0360 0.70 -0.3836 0.1665 0.70 -0.5609 0.0418
1.800 GeV < /s < 1.810 GeV
-0.60 0.0905 0.0547 -0.60 0.0905 0.0547
-0.50 0.0518 0.0626 -0.50 0.0518 0.0626
-0.40 -0.0049 0.0727 -0.40 -0.0049 0.0727
-0.30 -0.0719 0.0716 -0.30 -0.0719 0.0716
-0.20 -0.1211  0.0566 -0.20 -0.1664 0.1136 -0.20 -0.1301 0.0679
-0.10 -0.1512  0.0389 -0.10 -0.2552 0.0549 -0.10 -0.1860  0.0443
0.00 -0.1828 0.0288 0.00 -0.2209 0.0520 0.00 -0.1918 0.0343

210



APPENDIX A.

DATA TABLES

0.10 -0.2359  0.0274 0.10 -0.2527 0.0727 0.10 -0.2380 0.0331
0.20 -0.3167  0.0309 0.20 -0.3592 0.0941 0.20 -0.3209 0.0371
0.30 -0.4156  0.0382 0.30 -0.4248 0.0848 0.30 -0.4172  0.0461
0.40 -0.5086  0.0494 0.40 -0.4317 0.0646 0.40 -0.4803  0.0550
0.50 -0.5658  0.0591 0.50 -0.4010 0.0520 0.50 -0.4730  0.0551
0.60 -0.5504  0.0651 0.60 -0.3942 0.0494 0.60 -0.4513  0.0551
0.70 -0.4304  0.0912 0.70 -0.3400 0.0555 0.70 -0.3644  0.0651
0.80 -0.1836  0.1460 0.80 -0.1836  0.1460
0.90 0.0450 0.1861 0.90 0.0450 0.1861
1.810 GeV < /s < 1.820 GeV
-0.70 0.1011 0.1714 -0.70 0.1011 0.1714
-0.60 0.0689  0.1350 -0.60 0.0689  0.1350
-0.50 0.0739 0.0561 -0.50 0.0739 0.0561
-0.40 0.1028 0.0558 -0.40 0.1028 0.0558
-0.30 0.0962 0.0538 -0.30 0.1071 0.1917 -0.30 0.0970 0.0639
-0.20 0.0300 0.0527 -0.20 -0.0479 0.0999 -0.20 0.0130 0.0630
-0.10 -0.0626  0.0449 -0.10 -0.2698 0.0680 -0.10 -0.1254  0.0519
0.00 -0.1407  0.0370 0.00 -0.3060 0.0622 0.00 -0.1840  0.0436
0.10 -0.2025  0.0308 0.10 -0.1849 0.0715 0.10 -0.1998  0.0371
0.20 -0.2676  0.0274 0.20 -0.0766 0.0792 0.20 -0.2471  0.0330
0.30 -0.3396  0.0308 0.30 -0.1613 0.0755 0.30 -0.3141  0.0372
0.40 -0.3893  0.0469 0.40 -0.3679 0.0659 0.40 -0.3821 0.0533
0.50 -0.3905  0.0599 0.50 -0.5218 0.0624 0.50 -0.4535 0.0611
0.60 -0.3660  0.0554 0.60 -0.5273 0.0658 0.60 -0.4328  0.0597
0.70 -0.3920 0.0793 0.70 -0.4312 0.1229 0.70 -0.4035  0.0921
0.80 -0.4640 0.1193 0.80 -0.4640 0.1193
0.89 -0.4568  0.1644 0.89 -0.4568  0.1644
1.820 GeV < /s < 1.830 GeV
-0.70 0.1139 0.1693 -0.70 0.1139 0.1693
-0.60 0.2416 0.1343 -0.60 0.2416 0.1343
-0.50 0.2141 0.0795 -0.50 0.2141 0.0795
-0.40 0.0745 0.0634 -0.40 0.0745 0.0634
-0.30  -0.0570 0.0742 | -0.30 0.0757 0.0331 -0.30 0.0537  0.0399
-0.20 -0.0877  0.0817 -0.20 -0.0308 0.0437 -0.20 -0.0435  0.0522
-0.10 -0.0621  0.0617 -0.10 -0.0827 0.0633 -0.10 -0.0722  0.0625
0.00 -0.0649  0.0366 0.00 -0.0863 0.0812 0.00 -0.0685  0.0441
0.10 -0.1449  0.0200 0.10 -0.1575 0.0995 0.10 -0.1454  0.0230
0.20 -0.2893  0.0196 0.20 -0.2636 0.1192 0.20 -0.2886  0.0222
0.30 -0.4216  0.0223 0.30 -0.3898 0.1121 0.30 -0.4204  0.0257
0.40 -0.4661  0.0362 0.40 -0.4173 0.0886 0.40 -0.4591  0.0437
0.50 -0.4255  0.0450 0.50 -0.3165 0.0727 0.50 -0.3953  0.0526
0.60 -0.3872  0.0457 0.60 -0.2711 0.0607 0.60 -0.3452  0.0511
0.70 -0.4741  0.0665 0.70 -0.4104 0.1136 0.70 -0.4579  0.0785
0.80 -0.5569  0.0952 0.80 -0.5569  0.0952
0.89 -0.3814  0.1271 0.89 -0.3814  0.1271
1.830 GeV < /s < 1.840 GeV
-0.60 0.4611 0.0849 -0.60 0.4611 0.0849
-0.50 0.2447 0.0900 -0.50 0.2447 0.0900
-0.40 0.1713 0.1008 -0.40 0.1713 0.1008
-0.30 0.1976 0.1074 -0.30 0.0390 0.0756 -0.30 0.0915 0.0861
-0.20 0.1855 0.0962 -0.20 0.0032 0.0537 -0.20 0.0465 0.0638
-0.10 0.0787 0.0717 | -0.10  -0.0319 0.0311 -0.10  -0.0144 0.0376
0.00 -0.0660  0.0459 0.00 -0.1255 0.0375 0.00 -0.1017  0.0408
0.10 -0.1894  0.0263 0.10 -0.3466 0.0674 0.10 -0.2101  0.0317
0.20 -0.2820  0.0201 0.20 -0.4819 0.0980 0.20 -0.2901  0.0233
0.30 -0.3653  0.0154 0.30 -0.5615 0.0882 0.30 -0.3711  0.0176
0.40 -0.4545  0.0259 0.40 -0.5099 0.0744 0.40 -0.4605 0.0311
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0.50 -0.5258  0.0348 0.50 -0.4001 0.0763 0.50 -0.5041  0.0419
0.60 -0.5123  0.0380 0.60 -0.3378 0.0820 0.60 -0.4815  0.0457
0.70 -0.4038  0.0629 0.70 -0.3884 0.0925 0.70 -0.3989  0.0723
0.80 -0.2478  0.0956 0.80 -0.2478  0.0956
1.840 GeV < /s < 1.850 GeV
-0.70 0.2211  0.1194 -0.70 0.2211  0.1194
-0.60 0.4101  0.1033 -0.60 0.4101  0.1033
-0.50 0.4449  0.0528 -0.50 0.4449  0.0528
-0.40 0.3536  0.0521 -0.40 0.3536  0.0521
-0.30 0.2399  0.0432 -0.30 0.2620 0.1249 -0.30 0.2422  0.0520
-0.20 0.1694  0.0356 -0.20 0.1258 0.0834 -0.20 0.1626  0.0430
-0.10 0.1168  0.0406 -0.10 -0.0475 0.0578 -0.10 0.0625  0.0462
0.00 0.0329  0.0416 0.00 -0.1291 0.0408 0.00 -0.0495 0.0412
0.10 -0.1021  0.0435 0.10 -0.1575 0.0735 0.10 -0.1165 0.0512
0.20 -0.2675  0.0432 0.20 -0.1867 0.0954 0.20 -0.2537  0.0521
0.30 -0.4147  0.0337 0.30 -0.2558 0.0879 0.30 -0.3943  0.0407
0.40 -0.4998  0.0237 0.40 -0.3773 0.0664 0.40 -0.4860  0.0285
0.50 -0.5169  0.0252 0.50 -0.5052 0.0581 0.50 -0.5151  0.0304
0.60 -0.4983  0.0255 0.60 -0.5772 0.0638 0.60 -0.5091  0.0307
0.70 -0.4589  0.0525 0.70 -0.5582 0.0770 0.70 -0.4904  0.0602
0.80 -0.3226  0.0657 0.80 -0.3226  0.0657
0.89 0.0147  0.0887 0.89 0.0147  0.0887
1.850 GeV < /s < 1.860 GeV
-0.60 0.4030  0.0739 -0.60 0.4030  0.0739
-0.50 0.3376  0.0598 -0.50 0.3376  0.0598
-0.40 0.2843  0.0305 -0.40 0.2843  0.0305
-0.30 0.1850  0.0310 -0.30 0.1850  0.0310
-0.20 0.0697  0.0343 -0.20 0.0697  0.0343
-0.10 -0.0004  0.0354 -0.10 -0.0311 0.0850 -0.10 -0.0049  0.0427
0.00 -0.0239  0.0279 0.00 -0.0200 0.0343 0.00 -0.0224  0.0304
0.10 -0.0578  0.0333 0.10 -0.1858 0.0360 0.10 -0.1168  0.0346
0.20 -0.1579  0.0482 0.20 -0.3420 0.0479 0.20 -0.2505  0.0481
0.30 -0.3176  0.0572 0.30 -0.4546 0.0572 0.30 -0.3861  0.0572
0.40 -0.4529  0.0427 0.40 -0.4836 0.0431 0.40 -0.4681  0.0429
0.50 -0.4784  0.0299 0.50 -0.4879 0.0473 0.50 -0.4811  0.0348
0.60 -0.4106  0.0216 0.60 -0.4650 0.0864 0.60 -0.4138  0.0254
0.70 -0.4375  0.0410 0.70 -0.4010 0.1218 0.70 -0.4338  0.0493
0.80 -0.5183  0.0785 0.80 -0.5183  0.0785
1.860 GeV < /s < 1.870 GeV
-0.70 0.8546  0.2008 -0.70 0.8546  0.2008
-0.60 0.6756  0.1517 -0.60 0.6756  0.1517
-0.50 0.3946  0.0678 -0.50 0.3946  0.0678
-0.40 0.2701  0.0446 -0.40 0.2701  0.0446
-0.30 0.2376  0.0440 -0.30 0.2396 0.1747 -0.30 0.2377  0.0518
-0.20 0.1629  0.0495 -0.20 0.2242 0.1489 -0.20 0.1690  0.0594
-0.10 0.0477  0.0551 -0.10 0.0884 0.1049 -0.10 0.0565  0.0658
0.00 -0.0322  0.0386 0.00 -0.0806 0.0526 0.00 -0.0492  0.0435
0.10 -0.0643  0.0324 0.10 -0.1568 0.0543 0.10 -0.0885  0.0381
0.20 -0.1070  0.0341 0.20 -0.2205 0.0638 0.20 -0.1322  0.0407
0.30 -0.2173  0.0422 0.30 -0.2960 0.0629 0.30 -0.2418  0.0487
0.40 -0.3774  0.0375 0.40 -0.4013 0.0473 0.40 -0.3866  0.0413
0.50 -0.4837  0.0269 0.50 -0.4614 0.0425 0.50 -0.4774  0.0313
0.60 -0.4622  0.0217 0.60 -0.3314 0.0690 0.60 -0.4504  0.0260
0.70 -0.4059  0.0372 0.70 -0.4059  0.0372
0.80 -0.4784  0.0582 0.80 -0.4784  0.0582
0.89 -0.3903  0.0816 0.89 -0.3903  0.0816

212



APPENDIX A.

DATA TABLES

1.870 GeV < /s < 1.880 GeV

-0.80 0.2984  0.1923 -0.80 0.2984  0.1923
-0.70 0.3327  0.1577 -0.70 0.3327  0.1577
-0.60 0.4592  0.1032 -0.60 0.4592  0.1032
-0.50 0.4874  0.0581 -0.50 0.4874  0.0581
-0.40 0.3945  0.0418 -0.40 0.1997 0.0926 -0.40 0.3615  0.0504
-0.30 0.2756  0.0404 -0.30 0.4214 0.1241 -0.30 0.2896  0.0484
-0.20 0.2140  0.0388 -0.20 0.3373 0.1380 -0.20 0.2230  0.0461
-0.10 0.1763  0.0403 -0.10 0.1412 0.1115 -0.10 0.1723  0.0485
0.00 0.0914  0.0327 0.00 0.0468 0.0763 0.00 0.0845  0.0395
0.10 -0.0595  0.0328 0.10 -0.0506 0.0546 0.10 -0.0571  0.0386
0.20 -0.2359  0.0361 0.20 -0.1535 0.0371 0.20 -0.1959  0.0366
0.30 -0.3676  0.0380 0.30 -0.2589 0.0258 0.30 -0.2932  0.0296
0.40 -0.4129  0.0338 0.40 -0.3504 0.0190 0.40 -0.3654  0.0225
0.50 -0.4035  0.0273 0.50 -0.4287 0.0303 0.50 -0.4148  0.0286
0.60 -0.4055  0.0284 0.60 -0.4848 0.0667 0.60 -0.4177  0.0343
0.70 -0.4170  0.0368 0.70 -0.4551 0.0933 0.70 -0.4221  0.0444
0.80 -0.3105  0.0522 0.80 -0.3105  0.0522
0.89 -0.1634  0.0700 0.89 -0.1634  0.0700
1.880 GeV < /s < 1.890 GeV
-0.70 0.5244  0.0637 -0.70 0.5244  0.0637
-0.60 0.4589  0.0564 -0.60 0.4589  0.0564
-0.50 0.4142  0.0468 -0.50 0.4142  0.0468
-0.40 0.3972  0.0623 -0.40 0.3972  0.0623
-0.30 0.3476  0.0677 -0.30 0.3476  0.0677
-0.20 0.2481  0.0564 -0.20 0.2481  0.0564
-0.10 0.1364  0.0368 -0.10 0.3633 0.0815 -0.10 0.1748  0.0443
0.00 0.0415  0.0212 0.00 0.1223 0.0472 0.00 0.0551  0.0256
0.10 -0.0437  0.0208 0.10 -0.0117 0.0278 0.10 -0.0322  0.0233
0.20 -0.1443  0.0272 0.20 -0.1141 0.0275 0.20 -0.1293  0.0274
0.30 -0.2728  0.0332 0.30 -0.2396 0.0317 0.30 -0.2554  0.0324
0.40 -0.4054  0.0331 0.40 -0.3600 0.0317 0.40 -0.3817  0.0324
0.50 -0.4919  0.0369 0.50 -0.4128 0.0308 0.50 -0.4453  0.0333
0.60 -0.5015  0.0453 0.60 -0.4004 0.0286 0.60 -0.4292  0.0334
0.70 -0.4512  0.0481 0.70 -0.4091 0.0454 0.70 -0.4290 0.0467
0.80 -0.4043  0.0551 0.80 -0.4043  0.0551
0.90 -0.2947  0.0553 0.90 -0.2947  0.0553
1.890 GeV < /s < 1.900 GeV
-0.80 0.4384  0.1552 -0.80 0.4384  0.1552
-0.70 0.2595  0.1130 -0.70 0.2595  0.1130
-0.60 0.3839  0.0598 -0.60 0.3839  0.0598
-0.50 0.5314  0.0535 -0.50 0.5314  0.0535
-0.40 0.5622  0.0645 -0.40 0.3025 0.1083 -0.40 0.4941  0.0760
-0.30 0.4899  0.0607 -0.30 0.3637 0.1468 -0.30 0.4715  0.0732
-0.20 0.3701  0.0469 -0.20 0.3735 0.1807 -0.20 0.3703  0.0553
-0.10 0.2320  0.0318 -0.10 0.3131 0.1367 -0.10 0.2361  0.0372
0.00 0.0784  0.0213 0.00 0.1521 0.0782 0.00 0.0835  0.0252
0.10 -0.0759  0.0191 0.10 0.0074 0.0519 0.10 -0.0659  0.0230
0.20 -0.1996  0.0256 0.20 -0.1820 0.0716 0.20 -0.1977  0.0308
0.30 -0.2778  0.0387 0.30 -0.3394 0.0650 0.30 -0.2940  0.0456
0.40 -0.3377  0.0450 0.40 -0.4370 0.0491 0.40 -0.3831  0.0469
0.50 -0.4267  0.0379 0.50 -0.4782 0.0387 0.50 -0.4519  0.0383
0.60 -0.5404  0.0476 0.60 -0.4864 0.0364 0.60 -0.5063  0.0405
0.70 -0.5644  0.0610 0.70 -0.4849 0.0614 0.70 -0.5249  0.0612
0.80 -0.4145  0.0716 0.80 -0.4145  0.0716
0.90 -0.3579  0.0671 0.90 -0.3579  0.0671

213



APPENDIX A.

DATA TABLES

1.900 GeV < /s < 1.910 GeV

-0.80 0.2122 0.1088 -0.80 0.2122 0.1088
-0.70 0.3474  0.1130 -0.70 0.3474  0.1130
-0.50 0.3828 0.0992 -0.50 0.2857 0.1317 -0.50 0.3476 0.1110
-0.40 0.3577 0.0820 -0.40 0.4294 0.0831 -0.40 0.3931 0.0825
-0.30 0.3322 0.0623 -0.30 0.2760 0.0915 -0.30 0.3144 0.0715
-0.20 0.2894 0.0477 -0.20 -0.0329 0.1073 -0.20 0.2362 0.0576
-0.10 0.2091 0.0478 -0.10 -0.0307 0.1125 -0.10 0.1725 0.0576
0.00 0.0842 0.0545 0.00 0.1184 0.0877 0.00 0.0937 0.0637
0.10 -0.0698  0.0434 0.10 0.1683 0.0666 0.10 0.0012  0.0504
0.20 -0.2240 0.0330 0.20 0.0202 0.0732 0.20 -0.1827 0.0398
0.30 -0.3628 0.0363 0.30 -0.1355 0.0710 0.30 -0.3156  0.0435
0.40 -0.4836  0.0506 0.40 -0.2951 0.0535 0.40 -0.3946  0.0520
0.50 -0.5615  0.0422 0.50 -0.4227 0.0422 0.50 -0.4921 0.0422
0.60 -0.5324  0.0508 0.60 -0.5107 0.0367 0.60 -0.5181 0.0416
0.70 -0.3360  0.0599 0.70 -0.3638 0.0642 0.70 -0.3489 0.0619
0.80 -0.1946  0.1096 0.80 -0.1946  0.1096
0.90 -0.2266  0.1216 0.90 -0.2266  0.1216
1.910 GeV < /5 < 1.920 GeV
-0.80 0.1772 0.1187 -0.80 0.1772 0.1187
-0.70 0.5807 0.1144 -0.70 0.5807 0.1144
-0.60 0.6868  0.1029 | -0.60 0.8013 0.1323 -0.60 0.7299  0.1140
-0.50 0.6316 0.0921 -0.50 0.5579 0.1039 -0.50 0.5992 0.0973
-0.40 0.5820 0.0791 -0.40 0.5517 0.0853 -0.40 0.5680 0.0820
-0.30 0.5128 0.0597 -0.30 0.3880 0.1199 -0.30 0.4879 0.0717
-0.20 0.3483 0.0467 -0.20 0.1296 0.1551 -0.20 0.3301 0.0557
-0.10 0.1141 0.0455 -0.10 -0.0067 0.1342 -0.10 0.1017 0.0546
0.00 -0.0890 0.0501 0.00 -0.0017 0.1035 0.00 -0.0724 0.0603
0.10 -0.1946  0.0457 0.10 -0.0130 0.0914 0.10 -0.1583  0.0548
0.20 -0.2287  0.0393 0.20 -0.1113 0.1053 0.20 -0.2144  0.0473
0.30 -0.2625 0.0416 0.30 -0.3020 0.0872 0.30 -0.2698  0.0501
0.40 -0.3366  0.0506 0.40 -0.4615 0.0541 0.40 -0.3950 0.0522
0.50 -0.4328 0.0481 0.50 -0.4630 0.0415 0.50 -0.4501 0.0443
0.60 -0.5054  0.0527 0.60 -0.3959 0.0468 0.60 -0.4442  0.0494
0.70 -0.5209 0.0587 0.70 -0.3760 0.0883 0.70 -0.4765 0.0678
0.80 -0.3611 0.0880 0.80 -0.3611 0.0880
0.89 0.0880 0.0991 0.89 0.0880 0.0991
1.920 GeV < /s < 1.930 GeV
-0.80 0.4961 0.1041 -0.80 0.4961 0.1041
-0.70 0.6562 0.0810 -0.70 0.6562 0.0810
-0.60 0.6003 0.0678 -0.60 0.3439 0.1635 -0.60 0.5626 0.0819
-0.50 0.5423 0.0646 -0.50 0.5105 0.1262 -0.50 0.5357 0.0774
-0.40 0.5148  0.0743 | -0.40 0.5362 0.0811 -0.40 0.5245  0.0774
-0.30 0.4708 0.0732 -0.30 0.5730 0.0961 -0.30 0.5083 0.0816
-0.20 0.3751 0.0797 -0.20 0.5344 0.1361 -0.20 0.4158 0.0941
-0.10 0.2246 0.0942 -0.10 0.3545 0.1417 -0.10 0.2644 0.1087
0.00 0.0359 0.0899 0.00 0.0805 0.1080 0.00 0.0542 0.0973
0.10 -0.1531 0.0632 0.10 -0.1548 0.0739 0.10 -0.1538  0.0677
0.20 -0.2971 0.0475 0.20 -0.3067 0.0526 0.20 -0.3014  0.0498
0.30 -0.3764  0.0463 0.30 -0.3691 0.0407 0.30 -0.3722  0.0431
0.40 -0.4062  0.0477 0.40 -0.4107 0.0256 0.40 -0.4097 0.0305
0.50 -0.4173  0.0372 0.50 -0.4649 0.0330 0.50 -0.4440 0.0349
0.60 -0.4333 0.0284 0.60 -0.5130 0.0480 0.60 -0.4540 0.0335
0.70 -0.4496  0.0244 0.70 -0.5563 0.0770 0.70 -0.4593 0.0291
0.80 -0.3876  0.0536 0.80 -0.6141 0.0925 0.80 -0.4445  0.0634
0.89 -0.2047  0.0665 0.89 -0.2047  0.0665

1.930 GeV < /s < 1.940 GeV

214



APPENDIX A.

DATA TABLES

©0.80 03138 0.0799 080 0.3138  0.0799
-0.70 0.3951 0.0685 -0.70 0.3951 0.0685
-0.60 0.6029  0.0714 -0.60 0.8845 0.1696 -0.60 0.6454  0.0862
-0.50 0.7501 0.0755 -0.50 0.8282 0.1400 -0.50 0.7677  0.0901
-0.40 0.7490  0.0929 -0.40 0.6694 0.0807 -0.40 0.7037  0.0859
-0.30 0.6443  0.0869 -0.30 0.5463 0.0702 -0.30 0.5850 0.0768
-0.20 0.5326  0.0803 -0.20 0.5383 0.0903 -0.20 0.5351 0.0847
-0.10 04072 0.0728 | -0.10  0.4544 0.1102 010 04215  0.0842
0.00 0.2134  0.0690 0.00 0.2417 0.0941 0.00 0.2233 0.0778
0.10 -0.0372  0.0583 0.10 0.0177 0.0613 0.10 -0.0111  0.0597
0.20 -0.2729  0.0500 0.20 -0.2166 0.0394 0.20 -0.2382  0.0435
0.30 -0.4290  0.0463 0.30 -0.3341 0.0252 0.30 -0.3558  0.0300
0.40 -0.4897  0.0369 0.40 -0.3800 0.0211 0.40 -0.4071  0.0250
0.50 -0.4938  0.0283 0.50 -0.4053 0.0299 0.50 -0.4521  0.0290
0.60 -0.5024  0.0266 0.60 -0.4051 0.0472 0.60 -0.4789  0.0316
0.70 -0.5143  0.0428 0.70 -0.3742 0.0793 0.70 -0.4827  0.0510
0.80  -0.3414 0.0694 | 0.80  -0.3043  0.1503 0.80  -0.3349  0.0836
0.89 0.0737  0.0900 0.89 0.0737  0.0900
1.940 GeV < /s < 1.950 GeV
-0.80 0.3909  0.0705 -0.80 0.3909 0.0705
-0.70 0.4697  0.0690 -0.70 0.4697  0.0690
-0.60 04896 0.0624 | -0.60  0.7428 0.0796 -0.60  0.5859  0.0689
-0.50 0.6385  0.0441 -0.50 0.8777 0.0663 -0.50 0.7118 0.0509
-0.40 0.7990  0.0349 -0.40 0.7639 0.0464 -0.40 0.7864  0.0390
-0.30 0.7440  0.0347 -0.30 0.5155 0.0657 -0.30 0.6940 0.0415
-0.20 0.4524  0.0598 -0.20 0.2686 0.0987 -0.20 0.4031 0.0702
-0.10 0.1711 0.0731 -0.10 0.0696 0.1106 -0.10 0.1402 0.0845
0.00 0.0229  0.0673 0.00 0.0237 0.0935 0.00 0.0232 0.0762
0.10  -0.0551 0.0507 | 0.10  -0.0552  0.0542 0.10  -0.0551 0.0523
0.20 -0.1510 0.0413 0.20 -0.1918 0.0253 0.20 -0.1807  0.0296
0.30 -0.2877  0.0424 0.30 -0.3340 0.0149 0.30 -0.3289  0.0180
0.40  -0.4120 0.0344 | 040  -0.4323  0.0212 0.40  -0.4267 0.0249
0.50 -0.4655  0.0255 0.50 -0.4894 0.0331 0.50 -0.4744  0.0283
0.60 -0.4719  0.0224 0.60 -0.4935 0.0411 0.60 -0.4769  0.0267
0.70 -0.5216  0.0401 0.70 -0.3957 0.0675 0.70 -0.4888  0.0473
0.80  -0.5461 0.0745 | 0.80  -0.3021  0.1343 0.80  -0.4886 0.0886
0.89 -0.1488  0.1002 0.89 -0.1488  0.1002
1.950 GeV < /s < 1.960 GeV
-0.80 0.5018  0.1251 -0.80 0.5018 0.1251
-0.70 0.6021 0.1066 -0.70 0.6021 0.1066
-0.60 06751 0.1131 | -0.60  0.5705 0.0937 -0.60  0.6130 0.1016
-0.50 0.7562  0.0844 -0.50 0.7435 0.0845 -0.50 0.7498 0.0844
-0.40 0.7928  0.0501 -0.40 0.6643 0.0818 -0.40 0.7577  0.0588
-0.30 0.6564  0.0319 -0.30 0.4075 0.0810 -0.30 0.6231 0.0384
-0.20 0.4023  0.0387 -0.20 0.2915 0.0900 -0.20 0.3850 0.0467
-0.10 0.1816  0.0351 -0.10 0.1954 0.0714 -0.10 0.1843 0.0422
0.00 0.0195  0.0300 0.00 0.0327 0.0483 0.00 0.0232 0.0351
0.10 -0.1156  0.0285 0.10 -0.1365 0.0266 0.10 -0.1268  0.0275
0.20 -0.2386  0.0316 0.20 -0.2505 0.0201 0.20 -0.2471  0.0234
0.30  -0.3409 0.0303 | 030  -0.3351  0.0178 0.30  -0.3366 0.0210
0.40 -0.4089  0.0270 0.40 -0.3702 0.0225 0.40 -0.3861  0.0243
0.50 -0.4358  0.0317 0.50 -0.3829 0.0377 0.50 -0.4138  0.0342
0.60 -0.4358  0.0368 0.60 -0.4055 0.0509 0.60 -0.4254  0.0416
0.70 -0.4614  0.0355 0.70 -0.5004 0.0728 0.70 -0.4689  0.0427
0.80 -0.4761  0.0481 0.80 -0.5943 0.0736 0.80 -0.5114  0.0557
0.89 -0.2812  0.0546 0.89 -0.2812  0.0546

215



APPENDIX A.

DATA TABLES

1.960 GeV < /s < 1.970 GeV

-0.80 0.6012  0.0722 -0.80 0.6012  0.0722
-0.69 0.7821  0.0663 -0.69 0.7821  0.0663
-0.60 0.8701  0.0685 -0.60 0.5080 0.1597 -0.60 0.8138  0.0827
-0.50 0.9039  0.0556 -0.50 0.5913 0.1212 -0.50 0.8495  0.0670
-0.40 0.8558  0.0355 -0.40 0.5772 0.1120 -0.40 0.8304  0.0425
-0.30 0.7190  0.0361 -0.30 0.6278 0.1072 -0.30 0.7097  0.0434
-0.20 0.5129  0.0437 -0.20 0.5218 0.0929 -0.20 0.5145  0.0526
-0.10 0.2860  0.0474 -0.10 0.3326 0.0638 -0.10 0.3026  0.0532
0.00 0.0733  0.0502 0.00 0.0821 0.0436 0.00 0.0784  0.0464
0.10 -0.1103  0.0507 0.10 -0.1128 0.0266 0.10 -0.1122  0.0318
0.20 -0.2591  0.0434 0.20 -0.2678 0.0140 0.20 -0.2670  0.0167
0.30 -0.3734  0.0353 0.30 -0.3407 0.0129 0.30 -0.3446  0.0156
0.40 -0.4587  0.0350 0.40 -0.4158 0.0214 0.40 -0.4275  0.0251
0.50 -0.5212  0.0460 0.50 -0.4827 0.0392 0.50 -0.4989  0.0420
0.60 -0.5591  0.0429 0.60 -0.5397 0.0648 0.60 -0.5532  0.0496
0.70 -0.5593  0.0380 0.70 -0.5709 0.0748 0.70 -0.5617  0.0456
0.80 -0.4861  0.0377 0.80 -0.5237 0.0678 0.80 -0.4949  0.0448
0.89 -0.3815  0.0392 0.89 -0.3815  0.0392
1.970 GeV < /s < 1.980 GeV
-0.80 0.4616  0.0751 -0.80 0.4616  0.0751
-0.70 0.7250  0.0362 -0.70 0.7250  0.0362
-0.60 0.8857  0.0339 -0.60 0.9335 0.1583 -0.60 0.8877  0.0393
-0.50 0.8895  0.0446 -0.50 0.8617 0.1482 -0.50 0.8872  0.0532
-0.40 0.7902  0.0483 -0.40 0.8676 0.1077 -0.40 0.8031  0.0582
-0.30 0.6995  0.0416 -0.30 0.7872 0.0795 -0.30 0.7184  0.0497
-0.20 0.5672  0.0247 -0.20 0.4116 0.0591 -0.20 0.5442  0.0298
-0.10 0.3126  0.0224 -0.10 0.1683 0.0582 -0.10 0.2939  0.0270
0.00 -0.0216  0.0359 0.00 -0.0514 0.0526 0.00 -0.0310  0.0412
0.10 -0.2794  0.0460 0.10 -0.1710 0.0414 0.10 -0.2195  0.0434
0.20 -0.3715  0.0432 0.20 -0.2360 0.0315 0.20 -0.2831  0.0356
0.30 -0.3550  0.0420 0.30 -0.3140 0.0221 0.30 -0.3229  0.0264
0.40 -0.3355  0.0472 0.40 -0.4102 0.0222 0.40 -0.3967  0.0267
0.50 -0.3822  0.0485 0.50 -0.4576 0.0357 0.50 -0.4311  0.0402
0.60 -0.4742  0.0417 0.60 -0.3702 0.0637 0.60 -0.4430  0.0483
0.70 -0.5098  0.0400 0.70 -0.3121 0.0667 0.70 -0.4575  0.0470
0.80 -0.3963  0.0476 0.80 -0.4078 0.0619 0.80 -0.4006  0.0529
0.89 -0.2690  0.0521 0.89 -0.2690 0.0521
1.980 GeV < /s < 1.990 GeV
-0.80 0.5277  0.1366 -0.80 0.5277  0.1366
-0.70 0.8006  0.0750 -0.70 0.8006  0.0750
-0.60 0.9535  0.0423 -0.60 0.9542 0.0295 -0.60 0.9540  0.0337
-0.50 0.9998  0.0419 -0.50 0.9718 0.0327 -0.50 0.9824  0.0361
-0.40 0.9588  0.0467 -0.40 0.9102 0.0420 -0.40 0.9320  0.0441
-0.30 0.8114  0.0382 -0.30 0.7194 0.0453 -0.30 0.7732  0.0412
-0.20 0.5675  0.0196 -0.20 0.3764 0.0523 -0.20 0.5439  0.0237
-0.10 0.2975  0.0191 -0.10 0.1680 0.0563 -0.10 0.2842  0.0229
0.00 0.0545  0.0342 0.00 -0.0476 0.0470 0.00 0.0191  0.0387
0.10 -0.1487  0.0422 0.10 -0.2166 0.0382 0.10 -0.1861  0.0400
0.20 -0.3114  0.0387 0.20 -0.3293 0.0307 0.20 -0.3224  0.0338
0.30 -0.4287  0.0402 0.30 -0.3821 0.0217 0.30 -0.3926  0.0259
0.40 -0.4951  0.0499 0.40 -0.3927 0.0190 0.40 -0.4057  0.0229
0.50 -0.5143  0.0508 0.50 -0.3902 0.0230 0.50 -0.4113  0.0277
0.60 -0.4969  0.0404 0.60 -0.3942 0.0399 0.60 -0.4449  0.0401
0.70 -0.4501  0.0295 0.70 -0.4115 0.0373 0.70 -0.4352  0.0325
0.80 -0.3459  0.0240 0.80 -0.4350 0.0411 0.80 -0.3685  0.0283
0.89 -0.2360 0.0196 0.89 -0.2360  0.0196
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APPENDIX A.

DATA TABLES

1.990 GeV < /s < 2.000 GeV

-0.80 0.8260  0.1237 -0.80 0.8260  0.1237
-0.70 0.9013 0.0555 -0.70 0.9013 0.0555
-0.60 0.9385  0.0229 -0.60 0.9449 0.0646 -0.60 0.9393  0.0276
-0.50 0.9533  0.0154 -0.50 0.9996 0.0782 -0.50 0.9551 0.0178
-0.40 0.9083  0.0192 -0.40 0.9773 0.0944 -0.40 0.9110  0.0222
-0.30 0.7562  0.0267 -0.30 0.8173 0.0723 -0.30 0.7636  0.0322
-0.20 0.5332  0.0416 -0.20 0.5414 0.0591 -0.20 0.5359  0.0474
-0.10 0.3030  0.0533 -0.10 0.3150 0.0636 -0.10 0.3079  0.0576
0.00 0.0818 0.0483 0.00 0.0668 0.0655 0.00 0.0765 0.0544
0.10 -0.1224  0.0336 0.10 -0.1219 0.0610 0.10 -0.1223  0.0399
0.20 -0.2919  0.0282 0.20 -0.2675 0.0556 0.20 -0.2869  0.0338
0.30 -0.4129  0.0335 0.30 -0.3323 0.0473 0.30 -0.3860  0.0381
0.40 -0.4884  0.0340 0.40 -0.4075 0.0442 0.40 -0.4584  0.0378
0.50 -0.5338  0.0275 0.50 -0.4449 0.0437 0.50 -0.5085  0.0321
0.60 -0.5568  0.0273 0.60 -0.4706 0.0456 0.60 -0.5341  0.0321
0.70 -0.5410  0.0308 0.70 -0.4724 0.0397 0.70 -0.5151  0.0342
0.80 -0.4167  0.0325 0.80 -0.4577 0.0356 0.80 -0.4353  0.0339
0.89 -0.2363  0.0290 0.89 -0.2363  0.0290
2.000 GeV < /s < 2.010 GeV
-0.80 0.7835  0.0352 -0.80 0.7835  0.0352
-0.70 0.9012 0.0171 -0.70 0.9012 0.0171
-0.60 0.9704  0.0137 -0.60 0.9497 0.0723 -0.60 0.9696  0.0157
-0.50 0.9765  0.0225 -0.50 0.6782 0.0865 -0.50 0.9577  0.0265
-0.40 0.9210  0.0288 -0.40 0.6923 0.1003 -0.40 0.9036  0.0342
-0.30 0.7560  0.0361 -0.30 0.6734 0.0702 -0.30 0.7388  0.0432
-0.20 0.4594  0.0430 -0.20 0.4297 0.0524 -0.20 0.4474  0.0468
-0.10 0.1456  0.0470 -0.10 0.1424 0.0570 -0.10 0.1443  0.0511
0.00 -0.0713  0.0461 0.00 -0.1166 0.0669 0.00 -0.0859  0.0528
0.10 -0.1901  0.0351 0.10 -0.3059 0.0650 0.10 -0.2162  0.0419
0.20 -0.2588  0.0297 0.20 -0.4155 0.0583 0.20 -0.2910  0.0356
0.30 -0.3197  0.0327 0.30 -0.4701 0.0456 0.30 -0.3709  0.0371
0.40 -0.3941  0.0330 0.40 -0.4976 0.0349 0.40 -0.4430  0.0339
0.50 -0.4773  0.0227 0.50 -0.5121 0.0264 0.50 -0.4921  0.0243
0.60 -0.5439  0.0135 0.60 -0.5290 0.0293 0.60 -0.5413  0.0163
0.70 -0.5512  0.0090 0.70 -0.5410 0.0379 0.70 -0.5507  0.0105
0.80 -0.4256  0.0145 0.80 -0.5055 0.0451 0.80 -0.4331 0.0174
0.90 -0.3026  0.0170 0.90 -0.3026  0.0170
2.010 GeV < /s < 2.020 GeV
-0.80 0.8337  0.1165 -0.80 0.8337  0.1165
-0.70 0.8806  0.0885 -0.70 0.8806  0.0885
-0.60 0.9030  0.0763 -0.60 0.9807 0.1265 -0.60 0.9238  0.0897
-0.50 0.9564 0.0604 -0.50 0.9975 0.1229 -0.50 0.9644 0.0725
-0.40 0.9990  0.0535 -0.40 0.9708 0.0964 -0.40 0.9924  0.0636
-0.30 0.8607  0.0539 -0.30 0.7966 0.0668 -0.30 0.8354  0.0590
-0.20 0.5363  0.0481 -0.20 0.5093 0.0427 -0.20 0.5212  0.0451
-0.10 0.2223  0.0326 -0.10 0.2489 0.0415 -0.10 0.2325  0.0360
0.00 -0.0148  0.0199 0.00 0.0320 0.0507 0.00 -0.0086  0.0240
0.10 -0.1920 0.0186 0.10 -0.1498 0.0544 0.10 -0.1876  0.0224
0.20 -0.3226  0.0230 0.20 -0.2921 0.0520 0.20 -0.3176  0.0278
0.30 -0.4147  0.0316 0.30 -0.3925 0.0444 0.30 -0.4073  0.0359
0.40 -0.4819  0.0358 0.40 -0.4549 0.0318 0.40 -0.4668  0.0336
0.50 -0.5350  0.0350 0.50 -0.4834 0.0233 0.50 -0.4993  0.0269
0.60 -0.5653  0.0264 0.60 -0.4727 0.0257 0.60 -0.5178  0.0261
0.70 -0.5244  0.0238 0.70 -0.4270 0.0401 0.70 -0.4991  0.0280
0.80 -0.3987  0.0325 0.80 -0.3674 0.0840 0.80 -0.3946  0.0393
0.89 -0.2854  0.0439 0.88 -0.2806 0.1059 0.88 -0.2847  0.0530
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APPENDIX A.

DATA TABLES

2.020 GeV < /s < 2.030 GeV

-0.80 0.6091 0.1178 -0.80 0.6091 0.1178
-0.70 0.6595 0.0829 -0.70 0.6595 0.0829
-0.60 0.7311 0.0743 -0.60 0.6338 0.1240 -0.60 0.7054 0.0874
-0.50 0.8532 0.0664 -0.50 0.7609 0.1185 -0.50 0.8312 0.0788
-0.40 0.8664 0.0681 -0.40 0.9813 0.1295 -0.40 0.8913 0.0814
-0.30 0.6726 0.0716 -0.30 0.8222 0.1411 -0.30 0.7032 0.0858
-0.20 0.4007 0.0696 -0.20 0.4630 0.1305 -0.20 0.4145 0.0830
-0.10 0.1552 0.0535 -0.10 0.1420 0.0877 -0.10 0.1516 0.0627
0.00 -0.0528 0.0321 0.00 -0.0416 0.0451 0.00 -0.0490 0.0364
0.10 -0.2151  0.0239 0.10 -0.2053 0.0244 0.10 -0.2103  0.0241
0.20 -0.3206  0.0259 0.20 -0.2732 0.0218 0.20 -0.2929  0.0235
0.30 -0.3731  0.0350 0.30 -0.3428 0.0258 0.30 -0.3535  0.0291
0.40 -0.3966  0.0381 0.40 -0.4041 0.0247 0.40 -0.4019  0.0286
0.50 -0.4265  0.0352 0.50 -0.4644 0.0244 0.50 -0.4521  0.0279
0.60 -0.4806  0.0282 0.60 -0.4999 0.0272 0.60 -0.4906  0.0277
0.70 -0.5322  0.0284 0.70 -0.4817 0.0272 0.70 -0.5058  0.0278
0.80 -0.4831  0.0363 0.80 -0.3504 0.0532 0.80 -0.4410  0.0417
0.89 -0.1543  0.0472 0.88 -0.0770 0.0597 0.88 -0.1245  0.0520
2.030 GeV < /s < 2.040 GeV
-0.80 0.6304 0.0640 -0.80 0.6304 0.0640
-0.70 0.6942 0.0478 -0.70 0.6942 0.0478
-0.60 0.7020 0.0603 -0.60 0.6678 0.0672 -0.60 0.6867 0.0634
-0.50 0.7824 0.0592 -0.50 0.6938 0.0776 -0.50 0.7498 0.0660
-0.40 0.8395 0.0699 -0.40 0.7129 0.0920 -0.40 0.7932 0.0780
-0.30 0.6494 0.0738 -0.30 0.3979 0.1238 -0.30 0.5835 0.0869
-0.20 0.3356 0.0891 -0.20 0.1266 0.1072 -0.20 0.2503 0.0965
-0.10 0.0689 0.0625 -0.10 0.0348 0.0742 -0.10 0.0548 0.0674
0.00 -0.1095  0.0358 0.00 -0.0780 0.0545 0.00 -0.1000  0.0415
0.10 -0.2017  0.0276 0.10 -0.1706 0.0566 0.10 -0.1957  0.0332
0.20 -0.2487  0.0290 0.20 -0.2531 0.0453 0.20 -0.2500  0.0337
0.30 -0.3034  0.0225 0.30 -0.3027 0.0359 0.30 -0.3032  0.0263
0.40 -0.3938  0.0205 0.40 -0.3651 0.0276 0.40 -0.3836  0.0231
0.50 -0.4980  0.0206 0.50 -0.4547 0.0295 0.50 -0.4839  0.0235
0.60 -0.5438  0.0261 0.60 -0.5586 0.0276 0.60 -0.5508  0.0268
0.70 -0.4937  0.0345 0.70 -0.5407 0.0312 0.70 -0.5195  0.0327
0.80 -0.3768  0.0453 0.80 -0.3795 0.0356 0.80 -0.3785  0.0393
0.89 -0.2914  0.0551 0.89 -0.2914  0.0551
2.040 GeV < /s < 2.050 GeV
-0.80 0.7645 0.0797 -0.80 0.7645 0.0797
-0.70 0.7009 0.0764 -0.70 0.7009 0.0764
-0.60 0.5512 0.0774 -0.60 0.9108 0.0765 -0.60 0.7332 0.0769
-0.50 0.5884 0.0562 -0.50 0.6928 0.0605 -0.50 0.6368 0.0582
-0.40 0.8336 0.0625 -0.40 0.7838 0.0547 -0.40 0.8054 0.0581
-0.30 0.9060 0.0733 -0.30 0.6010 0.0637 -0.30 0.7322 0.0678
-0.20 0.6284 0.0866 -0.20 0.2165 0.0774 -0.20 0.3994 0.0815
-0.10 0.2334 0.0666 -0.10 0.0142 0.0718 -0.10 0.1320 0.0690
0.00 -0.0931 0.0426 0.00 -0.1807 0.0661 0.00 -0.1188  0.0495
0.10 -0.2777  0.0338 0.10 -0.3414 0.0598 0.10 -0.2931  0.0401
0.20 -0.3379  0.0377 0.20 -0.3970 0.0523 0.20 -0.3581 0.0427
0.30 -0.3470  0.0410 0.30 -0.3449 0.0456 0.30 -0.3460  0.0431
0.40 -0.3732  0.0379 0.40 -0.3034 0.0379 0.40 -0.3383  0.0379
0.50 -0.4346  0.0303 0.50 -0.3860 0.0410 0.50 -0.4174  0.0341
0.60 -0.4848  0.0205 0.60 -0.5505 0.0366 0.60 -0.5005 0.0243
0.70 -0.4597  0.0232 0.70 -0.5648 0.0438 0.70 -0.4828  0.0277
0.80 -0.3386  0.0289 0.80 -0.4622 0.0590 0.80 -0.3625  0.0347
0.89 -0.2977  0.0371 0.88 -0.6298 0.0693 0.88 -0.3717  0.0443
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APPENDIX A.

DATA TABLES

2.050 GeV < /s < 2.060 GeV

-0.80 0.5770 0.0776 -0.80 0.5770 0.0776
-0.70 0.4869 0.0745 -0.70 0.4869 0.0745
-0.60 0.4976 0.0543 -0.60 0.7159 0.1732 -0.60 0.5171 0.0650
-0.50 0.6381 0.0446 -0.50 0.8450 0.1291 -0.50 0.6601 0.0536
-0.40 0.7816 0.0736 -0.40 0.7825 0.0594 -0.40 0.7822 0.0650
-0.30 0.7190 0.0863 -0.30 0.5366 0.0575 -0.30 0.5927 0.0664
-0.20 0.4732 0.0747 -0.20 0.3752 0.0653 -0.20 0.4176 0.0694
-0.10 0.2065 0.0569 -0.10 0.1945 0.0615 -0.10 0.2010 0.0590
0.00 -0.0193 0.0563 0.00 -0.0231 0.0638 0.00 -0.0210 0.0596
0.10 -0.1994  0.0654 0.10 -0.1602 0.0535 0.10 -0.1759  0.0583
0.20 -0.3360  0.0556 0.20 -0.3260 0.0404 0.20 -0.3294  0.0457
0.30 -0.4301  0.0454 0.30 -0.3989 0.0354 0.30 -0.4107  0.0392
0.40 -0.4838  0.0404 0.40 -0.4493 0.0323 0.40 -0.4628  0.0354
0.50 -0.5016  0.0323 0.50 -0.4531 0.0422 0.50 -0.4837  0.0360
0.60 -0.4932  0.0210 0.60 -0.4480 0.0413 0.60 -0.4839  0.0252
0.70 -0.4708  0.0272 0.70 -0.4611 0.0416 0.70 -0.4679  0.0315
0.80 -0.4361  0.0342 0.80 -0.5181 0.0442 0.80 -0.4667  0.0379
0.89 -0.3913  0.0456 0.89 -0.3913  0.0456
2.060 GeV < /s < 2.070 GeV
-0.80 0.4867 0.1047 -0.80 0.4867 0.1047
-0.70 0.4932 0.1083 -0.70 0.4932 0.1083
-0.60 0.6028 0.0659 -0.60 0.6028 0.0659
-0.50 0.7003 0.0420 -0.50 0.6717 0.1246 -0.50 0.6974 0.0505
-0.40 0.6756 0.0414 -0.40 0.6835 0.0837 -0.40 0.6771 0.0497
-0.30 0.5551 0.0441 -0.30 0.4048 0.0757 -0.30 0.5170 0.0521
-0.20 0.4157 0.0466 -0.20 0.2365 0.0828 -0.20 0.3727 0.0553
-0.10 0.2694 0.0437 -0.10 0.0882 0.0587 -0.10 0.2047 0.0491
0.00 0.1048 0.0473 0.00 -0.0531 0.0382 0.00 0.0092 0.0418
0.10 -0.0658  0.0469 0.10 -0.1941 0.0166 0.10 -0.1798  0.0200
0.20 -0.2150  0.0436 0.20 -0.3086 0.0252 0.20 -0.2851 0.0298
0.30 -0.3177  0.0424 0.30 -0.3863 0.0411 0.30 -0.3531  0.0417
0.40 -0.3725  0.0428 0.40 -0.4061 0.0564 0.40 -0.3848  0.0478
0.50 -0.4065  0.0384 0.50 -0.4121 0.0574 0.50 -0.4082  0.0442
0.60 -0.4478  0.0270 0.60 -0.4155 0.0616 0.60 -0.4426  0.0325
0.70 -0.4914  0.0192 0.70 -0.4287 0.0554 0.70 -0.4847  0.0231
0.80 -0.4863  0.0234 0.80 -0.4538 0.0833 0.80 -0.4839  0.0277
0.89 -0.3905 0.0304 0.88 -0.4671 0.0808 0.88 -0.4000 0.0366
2.070 GeV < /s < 2.080 GeV
-0.80 0.9047 0.1528 -0.80 0.9047 0.1528
-0.70 0.7573 0.1000 -0.70 0.7573 0.1000
-0.60 0.6665 0.0478 -0.60 0.3057 0.2088 -0.60 0.6486 0.0558
-0.50 0.7126 0.0285 -0.50 0.5239 0.2354 -0.50 0.7098 0.0315
-0.40 0.7343 0.0502 -0.40 0.6343 0.2245 -0.40 0.7296 0.0585
-0.30 0.6525 0.0713 -0.30 0.6425 0.1591 -0.30 0.6508 0.0860
-0.20 0.5187 0.0661 -0.20 0.4891 0.0891 -0.20 0.5082 0.0743
-0.10 0.3338 0.0528 -0.10 0.2998 0.0712 -0.10 0.3217 0.0593
0.00 0.0998 0.0459 0.00 -0.0506 0.0417 0.00 0.0173 0.0436
0.10 -0.1315  0.0475 0.10 -0.2391 0.0323 0.10 -0.2051 0.0371
0.20 -0.2994  0.0396 0.20 -0.3365 0.0410 0.20 -0.3173  0.0403
0.30 -0.3759  0.0407 0.30 -0.3010 0.0547 0.30 -0.3492  0.0457
0.40 -0.3828  0.0498 0.40 -0.2465 0.0515 0.40 -0.3169  0.0506
0.50 -0.3799  0.0477 0.50 -0.3000 0.0506 0.50 -0.3423  0.0491
0.60 -0.4194  0.0317 0.60 -0.5271 0.0633 0.60 -0.4409  0.0380
0.70 -0.4952  0.0214 0.70 -0.6589 0.0635 0.70 -0.5118  0.0256
0.80 -0.4935  0.0455 0.80 -0.5591 0.0765 0.80 -0.5106  0.0536
0.89 -0.2962  0.0644 0.88 -0.2030 0.0671 0.88 -0.2515  0.0657
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APPENDIX A.

DATA TABLES

2.080 GeV < /s < 2.090 GeV

-0.80 0.5083 0.1976 -0.80 0.5083 0.1976
-0.70 0.5421 0.1774 -0.70 0.5421 0.1774
-0.60 0.5712 0.1736 -0.60 0.5712 0.1736
-0.50 0.6855 0.1463 -0.50 0.6855 0.1463
-0.40 0.6164 0.1149 -0.40 0.6164 0.1149
-0.30 0.3757 0.0838 -0.30 0.5017 0.1567 -0.30 0.4037 0.1000
-0.20 0.3126 0.0719 -0.20 0.4956 0.0612 -0.20 0.4187 0.0657
-0.10 0.3336 0.0598 -0.10 0.1381 0.0740 -0.10 0.2564 0.0654
0.00 0.2474 0.0528 0.00 -0.1276 0.0901 0.00 0.1515 0.0623
0.10 0.0162 0.0571 0.10 -0.2154 0.0980 0.10 -0.0425 0.0675
0.20 -0.2363  0.0591 0.20 -0.2022 0.0741 0.20 -0.2230  0.0649
0.30 -0.4173  0.0647 0.30 -0.2255 0.0521 0.30 -0.3010 0.0571
0.40 -0.5139  0.0653 0.40 -0.3032 0.0488 0.40 -0.3788  0.0547
0.50 -0.5340  0.0535 0.50 -0.3756 0.0639 0.50 -0.4688  0.0578
0.60 -0.5005  0.0423 0.60 -0.3802 0.0762 0.60 -0.4721  0.0503
0.70 -0.4749  0.0353 0.70 -0.4221 0.0620 0.70 -0.4620 0.0419
0.80 -0.5567  0.0578 0.80 -0.5477 0.0554 0.80 -0.5520  0.0565
0.89 -0.5780  0.0684 0.88 -0.3441 0.0403 0.88 -0.4043  0.0475
2.090 GeV < /5 < 2.100 GeV
-0.80 0.4339 0.1097 -0.80 0.4339 0.1097
-0.70 0.3021 0.1039 -0.70 0.3021 0.1039
-0.60 0.1555 0.1583 -0.60 0.0349 0.3385 -0.60 0.1338 0.1907
-0.50 0.2894 0.1739 -0.50 0.5544 0.3450 -0.50 0.3431 0.2086
-0.40 0.5105 0.1395 -0.40 0.8948 0.2892 -0.40 0.5831 0.1678
-0.30 0.5299 0.0812 -0.30 0.6546 0.1990 -0.30 0.5477 0.0980
-0.20 0.3822 0.0440 -0.20 0.3300 0.1110 -0.20 0.3751 0.0532
-0.10 0.2274 0.0434 -0.10 0.2148 0.0875 -0.10 0.2249 0.0521
0.00 0.0928 0.0449 0.00 0.1427 0.0985 0.00 0.1014 0.0541
0.10 -0.0314  0.0442 0.10 0.0529 0.0822 0.10 -0.0125  0.0527
0.20 -0.1414  0.0451 0.20 -0.1092 0.0524 0.20 -0.1277  0.0482
0.30 -0.2346  0.0575 0.30 -0.2661 0.0307 0.30 -0.2591  0.0367
0.40 -0.3197  0.0622 0.40 -0.3840 0.0331 0.40 -0.3698  0.0395
0.50 -0.4077  0.0434 0.50 -0.4988 0.0529 0.50 -0.4443  0.0472
0.60 -0.4967  0.0312 0.60 -0.5756 0.0614 0.60 -0.5128 0.0374
0.70 -0.5725  0.0196 0.70 -0.5845 0.0639 0.70 -0.5735  0.0234
0.80 -0.5980  0.0383 0.80 -0.4841 0.0834 0.80 -0.5782  0.0461
0.89 -0.4388  0.0398 0.88 -0.3095 0.0961 0.88 -0.4199  0.0480
2.100 GeV < /5 < 2.110 GeV
-0.80 0.3911 0.0911 -0.80 0.3911 0.0911
-0.70 0.2819 0.0309 -0.70 0.2819 0.0309
-0.60 0.1666 0.0425 -0.60 0.1666 0.0425
-0.50 0.1202 0.0643 -0.50 0.1202 0.0643
-0.40 0.2101 0.0926 -0.40 0.1014 0.1936 -0.40 0.1899 0.1114
-0.30 0.3686 0.0815 -0.30 0.1712 0.1782 -0.30 0.3344 0.0983
-0.20 0.3896 0.0606 -0.20 0.4781 0.1076 -0.20 0.4109 0.0719
-0.10 0.2736 0.0541 -0.10 0.3965 0.0527 -0.10 0.3366 0.0533
0.00 0.0961 0.0709 0.00 0.1092 0.0498 0.00 0.1049 0.0568
0.10 -0.0818 0.0674 0.10 -0.1362 0.0414 0.10 -0.1213  0.0485
0.20 -0.2168  0.0493 0.20 -0.2305 0.0397 0.20 -0.2251  0.0435
0.30 -0.3046  0.0289 0.30 -0.2545 0.0303 0.30 -0.2807  0.0295
0.40 -0.3649  0.0173 0.40 -0.3055 0.0318 0.40 -0.3514  0.0206
0.50 -0.4183  0.0188 0.50 -0.3674 0.0494 0.50 -0.4118  0.0227
0.60 -0.4774  0.0247 0.60 -0.4110 0.0506 0.60 -0.4646  0.0297
0.70 -0.5422  0.0246 0.70 -0.4840 0.0585 0.70 -0.5334  0.0297
0.80 -0.5716  0.0294 0.80 -0.6507 0.0571 0.80 -0.5882  0.0352
0.89 -0.4054  0.0271 0.89 -0.4054  0.0271
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APPENDIX A.

DATA TABLES

2.110 GeV < /s < 2.120 GeV

-0.80 0.3624 0.1849 -0.80 0.3624 0.1849
-0.70 0.1639 0.0819 -0.70 0.1639 0.0819
-0.60 0.1270 0.0808 -0.60 0.0049 0.4438 -0.60 0.1230 0.0924
-0.50 0.1891 0.0489 -0.50 0.4468 0.3971 -0.50 0.1929 0.0541
-0.40 0.2322 0.0440 -0.40 0.4633 0.3252 -0.40 0.2363 0.0490
-0.30 0.2505 0.0566 -0.30 0.5360 0.1637 -0.30 0.2810 0.0680
-0.20 0.3199 0.0713 -0.20 0.5371 0.0671 -0.20 0.4352 0.0690
-0.10 0.3807 0.0705 -0.10 0.3688 0.0247 -0.10 0.3701 0.0297
0.00 0.2891 0.0693 0.00 0.1110 0.0206 0.00 0.1255 0.0246
0.10 0.1286 0.0635 0.10 -0.0348 0.0308 0.10 -0.0037  0.0371
0.20 -0.0904  0.0457 0.20 -0.1459 0.0366 0.20 -0.1243  0.0402
0.30 -0.2572  0.0234 0.30 -0.2778 0.0346 0.30 -0.2637  0.0269
0.40 -0.3514 0.0154 0.40 -0.4104 0.0329 0.40 -0.3620 0.0186
0.50 -0.3897  0.0230 0.50 -0.4683 0.0373 0.50 -0.4113  0.0269
0.60 -0.4158  0.0329 0.60 -0.4471 0.0278 0.60 -0.4340  0.0299
0.70 -0.4782  0.0289 0.70 -0.4786 0.0220 0.70 -0.4784  0.0246
0.80 -0.5938  0.0308 0.80 -0.6690 0.0176 0.80 -0.6504  0.0209
0.89 -0.5263  0.0274 0.88 -0.6534 0.0207 0.88 -0.6072  0.0231
2.120 GeV < /s < 2.130 GeV
-0.80 0.4822 0.0514 -0.80 0.4822 0.0514
-0.60 -0.0654  0.0995 -0.60 -0.0654  0.0995
-0.50 0.0747 0.0947 -0.50 0.0747 0.0947
-0.40 0.1808 0.0796 -0.40 0.1808 0.0796
-0.30 0.1631 0.0717 -0.30 0.3511 0.1995 -0.30 0.1846 0.0864
-0.20 0.1721 0.0748 -0.20 0.6412 0.1004 -0.20 0.3396 0.0840
-0.10 0.2056 0.0853 -0.10 0.4064 0.0549 -0.10 0.3475 0.0639
0.00 0.1494 0.0700 0.00 0.1053 0.0219 0.00 0.1092 0.0261
0.10 -0.0014  0.0482 0.10 -0.0145 0.0324 0.10 -0.0104 0.0373
0.20 -0.1665  0.0363 0.20 -0.1080 0.0300 0.20 -0.1318  0.0326
0.30 -0.2896  0.0364 0.30 -0.2232 0.0383 0.30 -0.2582  0.0373
0.40 -0.3737  0.0427 0.40 -0.3213 0.0392 0.40 -0.3452  0.0408
0.50 -0.4496  0.0458 0.50 -0.4589 0.0383 0.50 -0.4551 0.0414
0.60 -0.5284  0.0472 0.60 -0.5023 0.0373 0.60 -0.5123 0.0411
0.70 -0.5834  0.0446 0.70 -0.5090 0.0365 0.70 -0.5389  0.0398
0.80 -0.5702  0.0458 0.80 -0.6080 0.0800 0.80 -0.5796  0.0543
0.88 -0.5034  0.0424 0.88 -0.5034  0.0424
2.130 GeV < /s < 2.140 GeV
-0.80 0.3511 0.1124 -0.80 0.3511 0.1124
-0.70 0.1910 0.0906 -0.70 0.1910 0.0906
-0.60 -0.0773  0.1100 -0.60 -0.2892 0.1979 -0.60 -0.1273  0.1308
-0.50 -0.1392  0.0853 -0.50 -0.2455 0.1913 -0.50 -0.1568  0.1029
-0.40 0.0024 0.0778 -0.40 -0.1534 0.1531 -0.40 -0.0296  0.0932
-0.30 0.2508 0.0744 -0.30 0.0635 0.1383 -0.30 0.2088 0.0887
-0.20 0.4380 0.0846 -0.20 0.3141 0.0860 -0.20 0.3770 0.0853
-0.10 0.4681 0.0940 -0.10 0.3722 0.0773 -0.10 0.4109 0.0840
0.00 0.3311 0.0819 0.00 0.1863 0.0657 0.00 0.2430 0.0721
0.10 0.0987 0.0726 0.10 -0.0674 0.0913 0.10 0.0343 0.0799
0.20 -0.1006  0.0671 0.20 -0.2355 0.0832 0.20 -0.1537  0.0735
0.30 -0.2017  0.0603 0.30 -0.2890 0.0570 0.30 -0.2478  0.0585
0.40 -0.2455  0.0523 0.40 -0.2914 0.0395 0.40 -0.2747  0.0442
0.50 -0.3133  0.0416 0.50 -0.3439 0.0316 0.50 -0.3327  0.0353
0.60 -0.4523  0.0298 0.60 -0.4999 0.0346 0.60 -0.4726  0.0318
0.70 -0.6220 0.0271 0.70 -0.5904 0.0459 0.70 -0.6138  0.0320
0.80 -0.6790  0.0463 0.80 -0.5372 0.0935 0.80 -0.6511  0.0556
0.88 -0.4080 0.0624 0.88 -0.2581 0.1249 0.88 -0.3781 0.0749

2.140 GeV < /s < 2.150 GeV
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APPENDIX A.

DATA TABLES

-0.80 0.5025 0.1374 -0.80 0.5025 0.1374
-0.70 0.0918 0.1132 -0.70 0.0918 0.1132
-0.60 -0.2429  0.0737 -0.60 -0.6231 0.1821 -0.60 -0.2965  0.0890
-0.50 -0.2491  0.0498 -0.50 -0.2382 0.1546 -0.50 -0.2481  0.0597
-0.40 0.0216 0.0574 -0.40 0.1113 0.0908 -0.40 0.0472 0.0670
-0.30 0.2956 0.0767 -0.30 0.2163 0.0564 -0.30 0.2441 0.0635
-0.20 0.4260 0.0893 -0.20 0.3061 0.0411 -0.20 0.3270 0.0495
-0.10 0.4278 0.0759 -0.10 0.3472 0.0420 -0.10 0.3661 0.0500
0.00 0.3392 0.0553 0.00 0.3173 0.0753 0.00 0.3315 0.0623
0.10 0.1961 0.0441 0.10 0.2010 0.0910 0.10 0.1970 0.0531
0.20 0.0338 0.0381 0.20 0.0408 0.0860 0.20 0.0349 0.0460
0.30 -0.1220  0.0301 0.30 -0.1438 0.0656 0.30 -0.1258  0.0362
0.40 -0.2607  0.0251 0.40 -0.2599 0.0443 0.40 -0.2605  0.0298
0.50 -0.3843  0.0243 0.50 -0.3517 0.0353 0.50 -0.3739  0.0278
0.60 -0.4980  0.0255 0.60 -0.4334 0.0275 0.60 -0.4682  0.0264
0.70 -0.5943  0.0228 0.70 -0.5757 0.0455 0.70 -0.5906  0.0274
0.80 -0.6527  0.0537 0.80 -0.7571 0.0912 0.80 -0.6796  0.0634
0.88 -0.6460  0.0732 0.88 -0.7217 0.1275 0.88 -0.6647  0.0867
2.150 GeV < /s < 2.160 GeV
-0.80 0.0630 0.1989 -0.80 0.0630 0.1989
-0.70 -0.1317  0.0866 -0.70 -0.1317  0.0866
-0.60 -0.2284  0.0458 -0.60 -0.2284  0.0458
-0.50 -0.2109  0.0441 -0.50 0.0198 0.1560 -0.50 -0.1938  0.0524
-0.40 -0.0974  0.0697 -0.40 0.0637 0.1185 -0.40 -0.0561  0.0822
-0.30 0.0621 0.0849 -0.30 0.2320 0.1372 -0.30 0.1092 0.0994
-0.20 0.1939 0.0841 -0.20 0.3152 0.1262 -0.20 0.2312 0.0971
-0.10 0.2479 0.0703 -0.10 0.2295 0.0947 -0.10 0.2414 0.0790
0.00 0.2188 0.0512 0.00 0.1274 0.0732 0.00 0.1888 0.0584
0.10 0.1269 0.0364 0.10 -0.0327 0.0756 0.10 0.0969 0.0438
0.20 -0.0004  0.0298 0.20 -0.1610 0.0677 0.20 -0.0265  0.0360
0.30 -0.1396  0.0320 0.30 -0.2551 0.0535 0.30 -0.1700  0.0377
0.40 -0.2771  0.0301 0.40 -0.3747 0.0402 0.40 -0.3121  0.0337
0.50 -0.4074  0.0230 0.50 -0.4384 0.0377 0.50 -0.4158 0.0270
0.60 -0.5283  0.0173 0.60 -0.4991 0.0308 0.60 -0.5213  0.0206
0.70 -0.6352  0.0186 0.70 -0.5396 0.0460 0.70 -0.6217  0.0225
0.80 -0.7271 0.0244 0.80 -0.5308 0.0617 0.80 -0.7007  0.0294
0.88 -0.7359  0.0293 0.88 -0.4901 0.0816 0.88 -0.7079  0.0353
2.160 GeV < /s < 2.170 GeV
-0.80 0.3607 0.1257 -0.80 0.3607 0.1257
-0.70 -0.0585  0.1047 -0.70 -0.0585  0.1047
-0.60 -0.2846  0.0841 -0.60 -0.2846  0.0841
-0.50 -0.3125  0.0617 -0.50 -0.0579 0.0815 -0.50 -0.2198  0.0689
-0.40 -0.1911  0.0511 -0.40 -0.1537 0.1150 -0.40 -0.1850 0.0616
-0.30 0.0527 0.0495 -0.30 -0.1724 0.1196 -0.30 0.0198 0.0598
-0.20 0.3013 0.0570 -0.20 -0.0558 0.1007 -0.20 0.2146 0.0676
-0.10 0.4255 0.0642 -0.10 0.1599 0.0675 -0.10 0.2994 0.0658
0.00 0.3679 0.0669 0.00 0.2073 0.0520 0.00 0.2678 0.0576
0.10 0.1720 0.0572 0.10 0.1344 0.0721 0.10 0.1575 0.0629
0.20 -0.0464  0.0451 0.20 -0.0100 0.0711 0.20 -0.0359  0.0526
0.30 -0.2180  0.0391 0.30 -0.1531 0.0581 0.30 -0.1978  0.0450
0.40 -0.3446  0.0313 0.40 -0.2855 0.0428 0.40 -0.3240 0.0353
0.50 -0.4478  0.0221 0.50 -0.4335 0.0343 0.50 -0.4436  0.0257
0.60 -0.5380  0.0169 0.60 -0.5335 0.0282 0.60 -0.5368  0.0199
0.70 -0.6128 0.0172 0.70 -0.6013 0.0289 0.70 -0.6098  0.0202
0.80 -0.6799  0.0243 0.80 -0.6313 0.0561 0.80 -0.6722  0.0294
0.88 -0.6828  0.0267 0.88 -0.5717 0.0703 0.88 -0.6688  0.0322
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APPENDIX A.

DATA TABLES

2.170 GeV < /s < 2.180 GeV

-0.80 0.3013  0.1065 -0.80 0.3013  0.1065
-0.70 0.1780 0.0775 -0.70 0.1780 0.0775
-0.60 -0.0458  0.0770 -0.60 -0.0458  0.0770
-0.50 -0.1780  0.0638 -0.50 -0.2993 0.0801 -0.50 -0.2251  0.0702
-0.40 -0.0619  0.0608 -0.40 -0.1120 0.0840 -0.40 -0.0791  0.0688
-0.30 0.1953  0.0603 -0.30 0.1002 0.0763 -0.30 0.1587  0.0665
-0.20 0.3069  0.0648 -0.20 0.1467 0.0657 -0.20 0.2279  0.0652
-0.10 0.2624  0.0653 -0.10 0.1839 0.0525 -0.10 0.2147  0.0575
0.00 0.1531 0.0645 0.00 0.0780 0.0536 0.00 0.1087 0.0580
0.10 0.0249  0.0528 0.10 -0.0987 0.0763 0.10 -0.0151  0.0604
0.20 -0.1140  0.0322 0.20 -0.2485 0.0736 0.20 -0.1356  0.0388
0.30 -0.2548  0.0173 0.30 -0.2616 0.0508 0.30 -0.2555  0.0208
0.40 -0.3742  0.0115 0.40 -0.2484 0.0342 0.40 -0.3613  0.0139
0.50 -0.4510  0.0117 0.50 -0.3391 0.0249 0.50 -0.4308 0.0141
0.60 -0.5002  0.0131 0.60 -0.4862 0.0288 0.60 -0.4978  0.0157
0.70 -0.5802  0.0236 0.70 -0.5282 0.0300 0.70 -0.5604  0.0261
0.80 -0.7201  0.0261 0.80 -0.5284 0.0473 0.80 -0.6753  0.0311
0.88 -0.6358 0.0314 0.88 -0.7628 0.0581 0.88 -0.6645 0.0374
2.180 GeV < /5 < 2.190 GeV
-0.80 0.4719  0.1058 -0.80 0.4719  0.1058
-0.70 0.1021 0.1467 -0.70 0.1021 0.1467
-0.60 -0.1272  0.1788 -0.60 -0.1272  0.1788
-0.50 -0.1563  0.1552 -0.50 -0.3178 0.2250 -0.50 -0.2083  0.1777
-0.40 -0.1190  0.1126 -0.40 -0.2573 0.1295 -0.40 -0.1786  0.1199
-0.30 -0.0181  0.0817 -0.30 -0.0509 0.0747 -0.30 -0.0360  0.0779
-0.20 0.1613  0.0727 -0.20 0.1295 0.0524 -0.20 0.1404  0.0594
-0.10 0.3114  0.0643 -0.10 0.1243 0.0380 -0.10 0.1727  0.0448
0.00 0.3076 0.0500 0.00 0.0596 0.0324 0.00 0.1328 0.0376
0.10 0.1497  0.0461 0.10 0.0065 0.0515 0.10 0.0859  0.0485
0.20 -0.0838  0.0430 0.20 -0.0567 0.0546 0.20 -0.0734  0.0474
0.30 -0.2116  0.0423 0.30 -0.1329 0.0553 0.30 -0.1826  0.0471
0.40 -0.3474  0.0377 0.40 -0.2795 0.0491 0.40 -0.3222  0.0419
0.50 -0.4654  0.0275 0.50 -0.4391 0.0461 0.50 -0.4585  0.0324
0.60 -0.5443  0.0198 0.60 -0.5404 0.0426 0.60 -0.5436  0.0239
0.70 -0.5704  0.0248 0.70 -0.5686 0.0455 0.70 -0.5700  0.0295
0.80 -0.6130  0.0283 0.80 -0.6373 0.0444 0.80 -0.6200  0.0329
0.88 -0.7034  0.0326 0.88 -0.7339 0.0520 0.88 -0.7120 0.0381
2.190 GeV < /s < 2.200 GeV
-0.80 0.2430  0.0970 -0.80 0.2430  0.0970
-0.70 -0.2155  0.1243 -0.70 -0.2155  0.1243
-0.60 -0.5924  0.1477 -0.60 -0.5924  0.1477
-0.50 -0.6084  0.1292 -0.50 -0.8444 0.2105 -0.50 -0.6729  0.1514
-0.40 -0.2717  0.0949 -0.40 -0.3595 0.1364 -0.40 -0.3003  0.1085
-0.30 0.1597  0.0718 -0.30 0.1758 0.0852 -0.30 0.1663  0.0774
-0.20 0.4080  0.0833 -0.20 0.2708 0.0560 -0.20 0.3135  0.0645
-0.10 0.4006  0.0917 -0.10 0.1496 0.0466 -0.10 0.2011 0.0558
0.00 0.2559  0.0759 0.00 -0.0236 0.0356 0.00 0.0268  0.0428
0.10 0.1083  0.0536 0.10 -0.0623 0.0276 0.10 -0.0266  0.0331
0.20 -0.0102  0.0347 0.20 -0.0566 0.0156 0.20 -0.0488  0.0188
0.30 -0.1260  0.0304 0.30 -0.1625 0.0161 0.30 -0.1545 0.0192
0.40 -0.2588  0.0303 0.40 -0.3577 0.0238 0.40 -0.3200  0.0263
0.50 -0.4005  0.0227 0.50 -0.5072 0.0289 0.50 -0.4413  0.0251
0.60 -0.5267  0.0191 0.60 -0.5960 0.0243 0.60 -0.5531  0.0211
0.70 -0.6227  0.0241 0.70 -0.6105 0.0268 0.70 -0.6172  0.0253
0.80 -0.6896  0.0299 0.80 -0.7218 0.0319 0.80 -0.7046  0.0308
0.88 -0.6435 0.0335 0.88 -0.8316 0.0393 0.88 -0.7228  0.0359
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APPENDIX A.

DATA TABLES

2.200 GeV < /s < 2.210 GeV

-0.80 0.2435  0.1528 -0.80 0.2435  0.1528
-0.70 -0.1044  0.1230 -0.70 -0.1044  0.1230
-0.60 -0.4083  0.0837 -0.60 -0.4083  0.0837
-0.50 -0.4679  0.0691 -0.50 -0.3121 0.3045 -0.50 -0.4602  0.0806
-0.40 -0.2487  0.0668 -0.40 -0.0466 0.1366 -0.40 -0.2097  0.0803
-0.30 0.0823  0.0751 -0.30 0.0473 0.1227 -0.30 0.0728  0.0881
-0.20 0.1982  0.1029 -0.20 0.1081 0.1032 -0.20 0.1533  0.1030
-0.10 0.1422  0.0942 -0.10 0.1944 0.1100 -0.10 0.1643  0.1009
0.00 0.0705 0.0672 0.00 0.1235 0.0690 0.00 0.0963 0.0681
0.10 0.0205  0.0387 0.10 0.0130 0.0355 0.10 0.0164  0.0370
0.20 -0.0463  0.0195 0.20 -0.0595 0.0199 0.20 -0.0527  0.0197
0.30 -0.1477  0.0104 0.30 -0.1177 0.0212 0.30 -0.1419  0.0125
0.40 -0.2733  0.0055 0.40 -0.2841 0.0232 0.40 -0.2739  0.0064
0.50 -0.4035 0.0032 0.50 -0.4785 0.0216 0.50 -0.4052  0.0037
0.60 -0.5207  0.0052 0.60 -0.6285 0.0191 0.60 -0.5281 0.0061
0.70 -0.6286  0.0122 0.70 -0.6116 0.0232 0.70 -0.6249  0.0146
0.80 -0.7268  0.0145 0.80 -0.6536 0.0463 0.80 -0.7202  0.0173
0.88 -0.6365 0.0163 0.88 -0.8602 0.0545 0.88 -0.6547  0.0194
2.210 GeV < /s < 2.220 GeV
-0.80 -0.2623  0.2423 -0.80 -0.2623  0.2423
-0.70 -0.2777  0.1749 -0.70 -0.2777  0.1749
-0.60 -0.3125  0.1231 -0.60 -0.3125  0.1231
-0.50 -0.3591  0.0753 -0.50 -0.4229 0.3143 -0.50 -0.3626  0.0883
-0.40 -0.3003  0.0633 -0.40 -0.5052 0.2125 -0.40 -0.3170  0.0754
-0.30 -0.0985 0.0708 -0.30 0.1013 0.2224 -0.30 -0.0801  0.0847
-0.20 0.0932  0.0597 -0.20 0.5466 0.1613 -0.20 0.1478  0.0719
-0.10 0.1620  0.0357 -0.10 0.4316 0.1148 -0.10 0.1857  0.0426
0.00 0.1246 0.0256 0.00 0.1504 0.0466 0.00 0.1306 0.0304
0.10 0.0402  0.0284 0.10 0.0257 0.0392 0.10 0.0352  0.0321
0.20 -0.0524  0.0270 0.20 -0.0420 0.0485 0.20 -0.0500 0.0321
0.30 -0.1518 0.0192 0.30 -0.1121 0.0528 0.30 -0.1472  0.0231
0.40 -0.2685  0.0102 0.40 -0.2552 0.0425 0.40 -0.2677  0.0120
0.50 -0.3995  0.0081 0.50 -0.4740 0.0341 0.50 -0.4035  0.0095
0.60 -0.5290  0.0122 0.60 -0.5900 0.0387 0.60 -0.5345 0.0146
0.70 -0.6521  0.0134 0.70 -0.6844 0.0322 0.70 -0.6568  0.0162
0.80 -0.7531  0.0139 0.80 -0.7046 0.0440 0.80 -0.7487 0.0166
0.88 -0.6164 0.0111 0.88 -0.6416 0.0497 0.88 -0.6176  0.0130
2.220 GeV < /s < 2.230 GeV
-0.80 0.1755  0.2078 -0.80 0.1755  0.2078
-0.70 0.2833  0.1792 -0.70 0.2833  0.1792
-0.60 -0.0590 0.1326 -0.60 -0.0590 0.1326
-0.50 -0.4056  0.0907 -0.50 -0.4056  0.0907
-0.40 -0.4138  0.0667 -0.40 -0.4138  0.0667
-0.30 -0.1683  0.0622 -0.30 -0.3669 0.1721 -0.30 -0.1913  0.0749
-0.20 0.0268  0.0568 -0.20 -0.0222 0.1699 -0.20 0.0219  0.0682
-0.10 0.0897  0.0798 -0.10 0.2202 0.1244 -0.10 0.1277  0.0928
0.00 0.1063  0.0973 0.00 0.2364 0.0851 0.00 0.1800  0.0904
0.10 0.1039  0.0850 0.10 0.0288 0.1044 0.10 0.0740  0.0927
0.20 0.0359 0.0520 0.20 -0.2213 0.1454 0.20 0.0068 0.0626
0.30 -0.1123  0.0260 0.30 -0.2853 0.1312 0.30 -0.1188  0.0300
0.40 -0.2884  0.0131 0.40 -0.3085 0.0914 0.40 -0.2888  0.0147
0.50 -0.4208 0.0134 0.50 -0.3805 0.0502 0.50 -0.4181 0.0158
0.60 -0.5040 0.0181 0.60 -0.5057 0.0385 0.60 -0.5043  0.0218
0.70 -0.5971  0.0188 0.70 -0.5993 0.0264 0.70 -0.5978  0.0214
0.80 -0.7226  0.0161 0.80 -0.6598 0.0431 0.80 -0.7149  0.0194
0.88 -0.6456  0.0122 0.88 -0.7034 0.0493 0.88 -0.6489  0.0143

224



APPENDIX A.

DATA TABLES

2.230 GeV < /s < 2.240 GeV

-0.80 0.2214  0.2259 -0.80 0.2214  0.2259
-0.70 -0.2671  0.1267 -0.70 -0.2671  0.1267
-0.60 -0.3887  0.1356 -0.60 -0.3887  0.1356
-0.50 -0.2696  0.1219 -0.50 -0.2696  0.1219
-0.40 -0.1292  0.1310 -0.40 -0.1292  0.1310
-0.30 -0.0268  0.1281 -0.30 -0.2156 0.0638 -0.30 -0.1780 0.0766
-0.20 0.1246  0.1014 -0.20 0.0088 0.0669 -0.20 0.0439 0.0774
-0.10 0.3247  0.0891 -0.10 0.1130 0.0441 -0.10 0.1546  0.0529
0.00 0.4062 0.0847 0.00 0.2198 0.0695 0.00 0.2947 0.0756
0.10 0.2802  0.0635 0.10 0.2926 0.1120 0.10 0.2832  0.0753
0.20 0.0813  0.0339 0.20 0.2619 0.1431 0.20 0.0908  0.0397
0.30 -0.0971  0.0218 0.30 0.1508 0.1305 0.30 -0.0904  0.0247
0.40 -0.2612  0.0219 0.40 -0.1282 0.0901 0.40 -0.2539  0.0257
0.50 -0.4244  0.0227 0.50 -0.3245 0.0490 0.50 -0.4067  0.0274
0.60 -0.5621  0.0232 0.60 -0.5220 0.0373 0.60 -0.5509  0.0271
0.70 -0.6593  0.0184 0.70 -0.6289 0.0273 0.70 -0.6498  0.0212
0.80 -0.7268  0.0135 0.80 -0.6983 0.0432 0.80 -0.7243  0.0162
0.88 -0.6490  0.0058 0.88 -0.4800 0.0504 0.88 -0.6468  0.0064
2.240 GeV < /s < 2.250 GeV
-0.80 0.3374  0.1836 -0.80 0.3374  0.1836
-0.70 0.1619 0.1226 -0.70 0.1619 0.1226
-0.60 -0.2318  0.1057 -0.60 -0.2318  0.1057
-0.50 -0.5112  0.1145 -0.50 -0.8247 0.2588 -0.50 -0.5625  0.1382
-0.40 -0.5867  0.1527 -0.40 -0.8783 0.2396 -0.40 -0.6709  0.1778
-0.30 -0.4280  0.1544 -0.30 -0.5823 0.1384 -0.30 -0.5136  0.1455
-0.20 -0.0930  0.1140 -0.20 -0.0629 0.0708 -0.20 -0.0713  0.0828
-0.10 0.1987  0.0721 -0.10 0.1073 0.0687 -0.10 0.1508  0.0703
0.00 0.2942 0.0434 0.00 0.0775 0.0942 0.00 0.2562 0.0523
0.10 0.2250  0.0226 0.10 0.0618 0.1001 0.10 0.2170  0.0264
0.20 0.0862 0.0119 0.20 0.0827 0.0809 0.20 0.0861 0.0133
0.30 -0.0619  0.0156 0.30 -0.0284 0.0552 0.30 -0.0595 0.0185
0.40 -0.2117  0.0289 0.40 -0.2094 0.0538 0.40 -0.2112  0.0345
0.50 -0.3740  0.0370 0.50 -0.4692 0.0402 0.50 -0.4178  0.0385
0.60 -0.5415  0.0342 0.60 -0.5899 0.0385 0.60 -0.5628  0.0361
0.70 -0.6742  0.0220 0.70 -0.6796 0.0215 0.70 -0.6770  0.0218
0.80 -0.7118  0.0340 0.80 -0.7204 0.0467 0.80 -0.7148  0.0384
0.88 -0.6325  0.0395 0.88 -0.6325  0.0395
2.250 GeV < /s < 2.260 GeV
-0.80 0.6374  0.1382 -0.80 0.6374  0.1382
-0.70 0.0709  0.0588 -0.70 0.0709  0.0588
-0.60 -0.3290  0.0447 -0.60 -0.3290  0.0447
-0.50 -0.5243  0.0574 -0.50 -0.0788 0.2744 -0.50 -0.5057  0.0665
-0.40 -0.5836  0.0503 -0.40 -0.2248 0.2292 -0.40 -0.5672  0.0585
-0.30 -0.4592  0.0596 -0.30 -0.2915 0.1614 -0.30 -0.4391 0.0718
-0.20 -0.1650  0.0605 -0.20 -0.0643 0.0861 -0.20 -0.1317  0.0690
-0.10 0.1463  0.0582 -0.10 0.2227 0.1180 -0.10 0.1613  0.0699
0.00 0.2988  0.0392 0.00 0.4433 0.1737 0.00 0.3058  0.0457
0.10 0.2364  0.0278 0.10 0.3432 0.1939 0.10 0.2385  0.0312
0.20 0.0793 0.0360 0.20 0.1522 0.1292 0.20 0.0846 0.0427
0.30 -0.0811  0.0305 0.30 -0.0258 0.0699 0.30 -0.0723  0.0368
0.40 -0.1717  0.0253 0.40 -0.1805 0.0530 0.40 -0.1733  0.0304
0.50 -0.3047  0.0256 0.50 -0.3223 0.0569 0.50 -0.3076  0.0308
0.60 -0.4634  0.0293 0.60 -0.5047 0.0439 0.60 -0.4761  0.0338
0.70 -0.6116  0.0228 0.70 -0.6144 0.0357 0.70 -0.6125  0.0265
0.80 -0.7269  0.0336 0.80 -0.7014 0.0469 0.80 -0.7182  0.0381
0.88 -0.8185  0.0357 0.88 -0.8185  0.0357
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APPENDIX A.

DATA TABLES

2.260 GeV < /s < 2.270 GeV

-0.80 0.5044  0.0964 -0.80 0.5044  0.0964
-0.70 0.0899 0.0569 -0.70 0.0899 0.0569
-0.60 -0.3085  0.0382 -0.60 -0.3085  0.0382
-0.50 -0.6736  0.0508 -0.50 -0.7279 0.2331 -0.50 -0.6760  0.0591
-0.40 -0.7621  0.0679 -0.40 -0.2114 0.1260 -0.40 -0.6380  0.0810
-0.30 -0.4191 0.0874 -0.30 -0.2374 0.0927 -0.30 -0.3336  0.0899
-0.20 0.0865  0.0948 -0.20 -0.2680 0.0653 -0.20 -0.1539  0.0748
-0.10 0.3505  0.0842 -0.10 0.1274 0.1167 -0.10 0.2741 0.0954
0.00 0.3157 0.0706 0.00 0.3157 0.0706
0.10 0.1465  0.0720 0.10 0.1465  0.0720
0.20 -0.0173  0.0803 0.20 -0.0173  0.0803
0.30 -0.1490  0.0605 0.30 -0.1072 0.0924 0.30 -0.1365 0.0701
0.40 -0.2199  0.0356 0.40 -0.3715 0.0847 0.40 -0.2427  0.0429
0.50 -0.3249  0.0130 0.50 -0.4272 0.0653 0.50 -0.3288  0.0149
0.60 -0.4572  0.0163 0.60 -0.4673 0.0317 0.60 -0.4593  0.0195
0.70 -0.5956  0.0185 0.70 -0.5865 0.0288 0.70 -0.5929  0.0215
0.80 -0.7148  0.0286 0.80 -0.6423 0.0578 0.80 -0.7006  0.0343
0.88 -0.7265  0.0288 0.88 -0.5814 0.0770 0.88 -0.7086  0.0347
2.270 GeV < /5 < 2.280 GeV
-0.80 0.3115  0.2412 -0.80 0.3115  0.2412
-0.70 0.0118 0.0592 -0.70 0.0118 0.0592
-0.60 -0.3798  0.0686 -0.60 -0.3798  0.0686
-0.50 -0.6685  0.0740 -0.50 -0.5304 0.2298 -0.50 -0.6555  0.0886
-0.40 -0.6207  0.0988 -0.40 -0.5018 0.1148 -0.40 -0.5700  0.1056
-0.30 -0.2530  0.0885 -0.30 -0.2186 0.1477 -0.30 -0.2439  0.1041
-0.20 0.1517  0.0924 -0.20 0.1147 0.0678 -0.20 0.1276  0.0764
-0.10 0.3752  0.0841 -0.10 0.1736 0.1314 -0.10 0.3166  0.0979
0.00 0.4180 0.0912 0.00 0.2058 0.1355 0.00 0.3519 0.1050
0.10 0.3643  0.1038 0.10 0.2575 0.1515 0.10 0.3302  0.1191
0.20 0.2429 0.1012 0.20 0.2571 0.1150 0.20 0.2491 0.1072
0.30 0.0469  0.0894 0.30 0.1195 0.0944 0.30 0.0812  0.0917
0.40 -0.1801  0.0578 0.40 -0.0320 0.0886 0.40 -0.1359  0.0670
0.50 -0.3558  0.0229 0.50 -0.2841 0.0610 0.50 -0.3470  0.0276
0.60 -0.4575 0.0146 0.60 -0.4397 0.0326 0.60 -0.4545 0.0177
0.70 -0.5362  0.0192 0.70 -0.6417 0.0298 0.70 -0.5672  0.0224
0.80 -0.6603  0.0440 0.80 -0.7663 0.0689 0.80 -0.6910 0.0512
0.88 -0.7680  0.0528 0.88 -0.8880 0.0857 0.88 -0.8010  0.0618
2.280 GeV < /s < 2.290 GeV
-0.80 0.4212  0.0620 -0.80 0.4212  0.0620
-0.70 0.1225  0.0574 -0.70 0.1225  0.0574
-0.60 -0.5010  0.0679 -0.60 -0.5010  0.0679
-0.50 -0.9083  0.0539 -0.50 -0.6624 0.1312 -0.50 -0.8727  0.0651
-0.40 -0.6284  0.0723 -0.40 -0.9469 0.0909 -0.40 -0.7519  0.0795
-0.30 -0.0156  0.0826 -0.30 -0.2058 0.0801 -0.30 -0.1137  0.0813
-0.20 0.2700  0.1109 -0.20 0.1754 0.0607 -0.20 0.1973  0.0723
-0.10 0.1977  0.1151 -0.10 0.1868 0.0706 -0.10 0.1898  0.0828
0.00 0.0900  0.1084 0.00 0.2406 0.0848 0.00 0.1834  0.0937
0.10 0.1572  0.1016 0.10 0.4335 0.0758 0.10 0.3347  0.0850
0.20 0.2421 0.0922 0.20 0.4545 0.0549 0.20 0.3989 0.0646
0.30 0.1605  0.0836 0.30 0.1194 0.0638 0.30 0.1345 0.0711
0.40 -0.0790  0.0698 0.40 -0.2327 0.0568 0.40 -0.1714  0.0620
0.50 -0.3333  0.0424 0.50 -0.3901 0.0488 0.50 -0.3578  0.0452
0.60 -0.4723  0.0294 0.60 -0.4494 0.0312 0.60 -0.4616  0.0302
0.70 -0.5263  0.0215 0.70 -0.5419 0.0258 0.70 -0.5326  0.0233
0.80 -0.6481  0.0508 0.80 -0.7187 0.0628 0.80 -0.6760  0.0555
0.88 -0.9409 0.0569 0.88 -0.5715 0.0751 0.88 -0.8062  0.0636

226



APPENDIX A.

DATA TABLES

2.290 GeV < /s < 2.300 GeV

-0.80 0.4832 0.2505 -0.80 0.4832 0.2505
-0.70 0.1864 0.1308 -0.70 0.1864 0.1308
-0.60 -0.3860  0.1536 -0.60 -0.3860  0.1536
-0.50 -0.6956  0.1456 -0.50 -0.5300 0.1880 -0.50 -0.6335 0.1615
-0.40 -0.5745  0.1312 -0.40 -0.7121 0.0887 -0.40 -0.6689  0.1020
-0.30 -0.2825  0.1092 -0.30 -0.3617 0.0775 -0.30 -0.3352  0.0881
-0.20 -0.0742  0.1080 -0.20 0.1479 0.0614 -0.20 0.0936 0.0728
-0.10 0.0788 0.1139 -0.10 0.4234 0.0679 -0.10 0.3332 0.0799
0.00 0.2725 0.1084 0.00 0.4437 0.0832 0.00 0.3802 0.0926
0.10 0.4398 0.1087 0.10 0.3832 0.0778 0.10 0.4024 0.0883
0.20 0.4511 0.0809 0.20 0.3074 0.0581 0.20 0.3563 0.0658
0.30 0.2955 0.0573 0.30 0.1881 0.0631 0.30 0.2469 0.0599
0.40 0.0393 0.0511 0.40 0.0063 0.0559 0.40 0.0243 0.0533
0.50 -0.2393  0.0395 0.50 -0.2500 0.0534 0.50 -0.2431 0.0444
0.60 -0.4719  0.0404 0.60 -0.4397 0.0369 0.60 -0.4543  0.0385
0.70 -0.6251  0.0351 0.70 -0.5571 0.0365 0.70 -0.5924  0.0358
0.80 -0.7023  0.0652 0.80 -0.6659 0.0645 0.80 -0.6839  0.0648
0.88 -0.6803  0.0730 0.88 -0.6671 0.0778 0.88 -0.6742  0.0753
2.300 GeV < /s < 2.310 GeV
-0.70 0.3963 0.1808 -0.70 0.3963 0.1808
-0.60 -0.0661  0.1546 -0.60 -0.0661  0.1546
-0.50 -0.3472  0.1283 -0.50 -0.6880 0.2149 -0.50 -0.4368 0.1511
-0.40 -0.4185  0.1032 -0.40 -0.5587 0.1128 -0.40 -0.4824  0.1076
-0.30 -0.3151  0.0808 -0.30 -0.1868 0.0682 -0.30 -0.2401  0.0734
-0.20 -0.0414  0.0730 -0.20 0.1018 0.0528 -0.20 0.0526 0.0597
-0.10 0.2859 0.0687 -0.10 0.2229 0.0592 -0.10 0.2497 0.0633
0.00 0.4690 0.0729 0.00 0.2210 0.0741 0.00 0.3469 0.0735
0.10 0.4505 0.0787 0.10 0.2364 0.0569 0.10 0.3098 0.0643
0.20 0.3256 0.0817 0.20 0.2523 0.0476 0.20 0.2709 0.0563
0.30 0.1861 0.0666 0.30 0.1200 0.0398 0.30 0.1374 0.0468
0.40 0.0324 0.0431 0.40 -0.0591 0.0394 0.40 -0.0175  0.0411
0.50 -0.1768  0.0270 0.50 -0.2777 0.0295 0.50 -0.2228  0.0281
0.60 -0.4334  0.0291 0.60 -0.4937 0.0294 0.60 -0.4633  0.0292
0.70 -0.6623  0.0289 0.70 -0.6410 0.0424 0.70 -0.6555  0.0331
0.80 -0.7608  0.0253 0.80 -0.8098 0.0664 0.80 -0.7670  0.0305
0.88 -0.6816  0.0231 0.88 -0.8607 0.0804 0.88 -0.6952  0.0275
2.310 GeV < /s < 2.320 GeV
-0.70 -0.1117  0.1967 -0.70 -0.1117  0.1967
-0.60 -0.5027  0.1739 -0.60 -0.5027  0.1739
-0.50 -0.5073  0.1609 -0.50 -0.2633 0.2370 -0.50 -0.4303  0.1849
-0.40 -0.2868  0.1317 -0.40 -0.3790 0.1891 -0.40 -0.3169  0.1505
-0.30 -0.0934 0.1074 -0.30 -0.2002 0.1830 -0.30 -0.1208  0.1267
-0.20 0.0766 0.0808 -0.20 0.1420 0.1276 -0.20 0.0954 0.0942
-0.10 0.2504 0.0741 -0.10 0.2943 0.0698 -0.10 0.2737 0.0718
0.00 0.3260 0.0727 0.00 0.2362 0.0437 0.00 0.2600 0.0514
0.10 0.2772 0.0780 0.10 0.2251 0.0349 0.10 0.2338 0.0421
0.20 0.1808 0.0858 0.20 0.2929 0.0466 0.20 0.2674 0.0555
0.30 0.0669 0.0734 0.30 0.2896 0.0423 0.30 0.2339 0.0501
0.40 -0.0209  0.0465 0.40 0.0500 0.0396 0.40 0.0202 0.0425
0.50 -0.1780  0.0284 0.50 -0.3038 0.0290 0.50 -0.2396  0.0287
0.60 -0.3807  0.0279 0.60 -0.5253 0.0338 0.60 -0.4392  0.0303
0.70 -0.5786  0.0335 0.70 -0.6589 0.0587 0.70 -0.5983  0.0397
0.80 -0.6991  0.0373 0.80 -0.6694 0.0912 0.80 -0.6949  0.0451
0.88 -0.6280  0.0368 0.88 -0.5758 0.1091 0.88 -0.6227  0.0441
2.320 GeV < /5 < 2.330 GeV
-0.70 -0.0335  0.0922 ‘ ‘ -0.70 -0.0335  0.0922

227



APPENDIX A.

DATA TABLES

-0.60 -0.4807 0.1161 -0.60 -0.4807 0.1161
-0.50 -0.7793 0.1456 -0.50 -0.4718 0.2835 -0.50 -0.7151 0.1744
-0.40 -0.7133 0.1284 -0.40 -0.9814 0.1995 -0.40 -0.7918 0.1493
-0.30 -0.2926  0.0928 -0.30 -0.6792 0.1782 -0.30 -0.3752 0.1110
-0.20 0.1889 0.0631 -0.20 -0.1994 0.1504 -0.20 0.1308 0.0761
-0.10 0.4488 0.0581 -0.10 0.1461 0.1325 -0.10 0.4000 0.0701
0.00 0.5015 0.0701 0.00 0.2884 0.1146 0.00 0.4435 0.0822
0.10 0.4797 0.0766 0.10 0.3618 0.0730 0.10 0.4179 0.0747
0.20 0.4361 0.0860 0.20 0.3259 0.0481 0.20 0.3521 0.0571
0.30 0.3203 0.0743 0.30 0.1984 0.0362 0.30 0.2218 0.0435
0.40 0.0920 0.0478 0.40 -0.0381 0.0421 0.40 0.0187 0.0446
0.50 -0.2015  0.0296 0.50 -0.2531 0.0421 0.50 -0.2187  0.0338
0.60 -0.4804 0.0284 0.60 -0.4465 0.0417 0.60 -0.4697 0.0326
0.70 -0.6806 0.0379 0.70 -0.7849 0.0636 0.70 -0.7078 0.0446
0.80 -0.7679  0.0495 0.80 -0.9312 0.0903 0.80 -0.8056  0.0589
0.88 -0.7596 0.0558 0.88 -0.9022 0.1129 0.88 -0.7876 0.0671
2.330 GeV < /s < 2.340 GeV
-0.70 0.0939 0.1540 -0.70 0.0939 0.1540
-0.60 -0.1779 0.1335 -0.60 -0.1779 0.1335
-0.50 -0.3724  0.1422 -0.50 -0.8215 0.1072 -0.50 -0.6588 0.1198
-0.40 -0.3556  0.1251 -0.40 -0.8125 0.1414 -0.40 -0.5562 0.1323
-0.30 -0.1175  0.0949 -0.30 -0.5841 0.1484 -0.30 -0.2530 0.1104
-0.20 0.1288 0.0793 -0.20 0.1218 0.1700 -0.20 0.1275 0.0955
-0.10 0.3041 0.0849 -0.10 0.5286 0.1332 -0.10 0.3689 0.0988
0.00 0.4179 0.0795 0.00 0.5668 0.0910 0.00 0.4823 0.0845
0.10 0.4381 0.0535 0.10 0.4548 0.0523 0.10 0.4466 0.0529
0.20 0.3535 0.0392 0.20 0.3105 0.0331 0.20 0.3284 0.0356
0.30 0.2186 0.0430 0.30 0.1476 0.0360 0.30 0.1768 0.0389
0.40 0.0520 0.0445 0.40 -0.0767 0.0515 0.40 -0.0030 0.0475
0.50 -0.1658 0.0388 0.50 -0.3357 0.0679 0.50 -0.2076  0.0460
0.60 -0.4191  0.0394 0.60 -0.5899 0.0841 0.60 -0.4499  0.0475
0.70 -0.6474  0.0497 0.70 -0.7350 0.0909 0.70 -0.6676  0.0592
0.80 -0.8152  0.0575 0.80 -0.8555 0.0856 0.80 -0.8277  0.0662
0.88 -0.8232  0.0583 0.88 -0.8890 0.0821 0.88 -0.8453 0.0663
2.340 GeV < /5 < 2.350 GeV
-0.70 -0.2684  0.1778 -0.70 -0.2684  0.1778
-0.60 -0.4710 0.1502 -0.60 -0.4710 0.1502
-0.50 -0.4813 0.1252 -0.50 -0.8111 0.1227 -0.50 -0.6495 0.1239
-0.40 -0.3114  0.0892 -0.40 -0.7914 0.0793 -0.40 -0.5795 0.0837
-0.30 -0.1224 0.0648 -0.30 -0.1240 0.0760 -0.30 -0.1230 0.0695
-0.20 0.0255 0.0592 -0.20 0.2430 0.0984 -0.20 0.0834 0.0696
-0.10 0.1412 0.0590 -0.10 0.4096 0.0641 -0.10 0.2644 0.0614
0.00 0.2583 0.0489 0.00 0.3932 0.0610 0.00 0.3111 0.0536
0.10 0.3619 0.0365 0.10 0.3774 0.0447 0.10 0.3681 0.0398
0.20 0.3712 0.0313 0.20 0.3710 0.0402 0.20 0.3711 0.0346
0.30 0.2051 0.0403 0.30 0.2657 0.0525 0.30 0.2276 0.0448
0.40 -0.0553 0.0464 0.40 0.0447 0.0719 0.40 -0.0259 0.0538
0.50 -0.2640 0.0372 0.50 -0.1417 0.0890 0.50 -0.2458  0.0449
0.60 -0.4086  0.0327 0.60 -0.3329 0.0871 0.60 -0.3993 0.0394
0.70 -0.5304  0.0403 0.70 -0.5377 0.0768 0.70 -0.5320  0.0482
0.80 -0.6355 0.0611 0.80 -0.6852 0.0645 0.80 -0.6590 0.0627
0.88 -0.6801 0.0709 0.88 -0.7118 0.0616 0.88 -0.6981 0.0656
2.350 GeV < \/E < 2.360 GeV
-0.70 -0.2966  0.1748 -0.70 -0.2966  0.1748
-0.60 -0.6398 0.1754 -0.60 -0.6398 0.1754
-0.50 -0.7344  0.1640 -0.50 -0.7344  0.1640
-0.40 -0.5234  0.1452 -0.40 -0.7692 0.0908 -0.40 -0.7001 0.1061

228
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-0.30 -0.2601  0.1215 -0.30 -0.2963 0.0694 -0.30 -0.2874  0.0822
-0.20 -0.0335  0.1009 -0.20 0.1275 0.0894 -0.20 0.0566  0.0945
-0.10 0.1645  0.0857 -0.10 0.2958 0.0563 -0.10 0.2563  0.0651
0.00 0.3227  0.0891 0.00 0.4669 0.0670 0.00 0.4149  0.0750
0.10 0.4158  0.0708 0.10 0.4841 0.0825 0.10 0.4448  0.0757
0.20 0.4218  0.0515 0.20 0.4037 0.0767 0.20 0.4162  0.0594
0.30 0.3116  0.0571 0.30 0.2652 0.0713 0.30 0.2935  0.0626
0.40 0.0956  0.0522 0.40 0.1376 0.0399 0.40 0.1221  0.0444
0.50 -0.1520  0.0393 0.50 -0.0905 0.0449 0.50 -0.1253  0.0417
0.60 -0.3820  0.0369 0.60 -0.3619 0.0468 0.60 -0.3743  0.0407
0.70 -0.5897  0.0406 0.70 -0.6143 0.0628 0.70 -0.5969  0.0472
0.80 -0.7686  0.0615 0.80 -0.7837 0.0618 0.80 -0.7761  0.0616
0.88 -0.8900  0.0690 0.88 -0.8093 0.0515 0.88 -0.8382  0.0578
2.360 GeV < /s < 2.370 GeV
-0.70 0.2206  0.1747 -0.70 0.2206  0.1747
-0.60 -0.0300 0.1666 -0.60 -0.0300 0.1666
-0.50 -0.5112  0.1375 -0.50 -0.5112  0.1375
-0.40 -0.7953  0.0990 -0.40 -0.7793 0.2369 -0.40 -0.7929  0.1195
-0.30 -0.5806  0.0852 -0.30 -0.5175 0.2073 -0.30 -0.5715  0.1028
-0.20 -0.0445  0.0914 -0.20 0.0752 0.1407 -0.20 -0.0090 0.1060
-0.10 0.4208  0.0948 -0.10 0.4873 0.0988 -0.10 0.4527  0.0967
0.00 0.5810  0.1051 0.00 0.5041 0.0643 0.00 0.5251  0.0754
0.10 0.4664  0.0898 0.10 0.2226 0.0719 0.10 0.3178  0.0789
0.20 0.2702  0.0698 0.20 0.1081 0.0952 0.20 0.2136  0.0786
0.30 0.1344  0.0555 0.30 0.2100 0.1128 0.30 0.1491  0.0667
0.40 0.0075  0.0430 0.40 0.2608 0.1053 0.40 0.0437  0.0519
0.50 -0.1968  0.0357 0.50 -0.0926 0.0861 0.50 -0.1815  0.0431
0.60 -0.4503  0.0367 0.60 -0.4356 0.0649 0.60 -0.4467  0.0435
0.70 -0.6614  0.0283 0.70 -0.7667 0.0483 0.70 -0.6883  0.0334
0.80 -0.7514  0.0421 0.80 -0.8792 0.0616 0.80 -0.7921  0.0483
0.88 -0.6747  0.0450 0.88 -0.7632 0.0514 0.88 -0.7132  0.0478
2.370 GeV < /s < 2.380 GeV
-0.70 -0.0767  0.1541 -0.70 -0.0767  0.1541
-0.60 -0.5287  0.1350 -0.60 -0.5287  0.1350
-0.50 -0.7109  0.1266 -0.50 -0.7109  0.1266
-0.40 -0.6571  0.1377 -0.40 -0.6571  0.1377
-0.30 -0.4542  0.1844 -0.30 -0.6985 0.2506 -0.30 -0.5400  0.2076
-0.20 -0.1495  0.1914 -0.20 -0.3773 0.2018 -0.20 -0.2574  0.1963
-0.10 0.1201  0.1600 -0.10 0.2723 0.1178 -0.10 0.2188  0.1327
0.00 0.2449  0.1231 0.00 0.4604 0.0928 0.00 0.3823  0.1038
0.10 0.2598  0.0781 0.10 0.3699 0.0996 0.10 0.3017  0.0863
0.20 0.2405  0.0557 0.20 0.2099 0.1114 0.20 0.2344  0.0669
0.30 0.1865  0.0363 0.30 0.0308 0.1150 0.30 0.1724  0.0434
0.40 0.0222  0.0384 0.40 -0.1407 0.0980 0.40 0.0006  0.0463
0.50 -0.2404  0.0262 0.50 -0.2964 0.0723 0.50 -0.2469  0.0315
0.60 -0.5018  0.0202 0.60 -0.4315 0.0548 0.60 -0.4935 0.0243
0.70 -0.6889  0.0252 0.70 -0.5394 0.0504 0.70 -0.6591  0.0302
0.80 -0.7627  0.0252 0.80 -0.8330 0.0721 0.80 -0.7703  0.0303
0.88 -0.6960  0.0252 0.88 -0.9505 0.0633 0.88 -0.7309  0.0305
2.380 GeV < /s < 2.390 GeV
-0.70 -0.1904  0.1470 -0.70 -0.1904  0.1470
-0.60 -0.3967  0.1716 -0.60 -0.3967  0.1716
-0.50 -0.5743  0.1684 -0.50 -0.5743  0.1684
-0.40 -0.4448  0.1753 -0.40 -0.4448 0.1753
-0.30 0.0002  0.1951 -0.30 0.0989 0.2306 -0.30 0.0414  0.2099
-0.20 0.4150  0.2229 -0.20 0.1673 0.2355 -0.20 0.2979  0.2289
-0.10 0.5152  0.1773 -0.10 0.2076 0.1737 -0.10 0.3582  0.1755

229
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0.00 0.3468  0.1213 0.00 0.3819 0.1209 0.00 0.3644  0.1211
0.10 0.1907  0.0758 0.10 0.5907 0.0911 0.10 0.3544  0.0820
0.20 0.2481  0.0926 0.20 0.4499 0.0818 0.20 0.3614  0.0865
0.30 0.2868  0.0911 0.30 0.2359 0.0799 0.30 0.2580  0.0848
0.40 0.1199  0.0901 0.40 0.0702 0.0661 0.40 0.0876  0.0745
0.50 -0.2002  0.0541 0.50 -0.1649 0.0438 0.50 -0.1789  0.0479
0.60 -0.4733  0.0284 0.60 -0.4313 0.0287 0.60 -0.4525  0.0285
0.70 -0.6185  0.0321 0.70 -0.5554 0.0269 0.70 -0.5815  0.0290
0.80 -0.6789  0.0291 0.80 -0.7153 0.0578 0.80 -0.6863  0.0349
0.88 -0.7263  0.0276 0.88 -0.8359 0.0719 0.88 -0.7404  0.0333
2.390 GeV < /s < 2.400 GeV
-0.70 0.0603 0.1261 -0.70 0.0603 0.1261
-0.60 0.0232  0.1448 -0.60 0.0232  0.1448
-0.50 -0.1111  0.1391 -0.50 -0.1111  0.1391
-0.40 -0.4891  0.1665 -0.40 -0.4891  0.1665
-0.30 -0.6113  0.2047 -0.30 -0.4504 0.2094 -0.30 -0.5327  0.2070
-0.20 -0.3537  0.2507 -0.20 -0.4518 0.2273 -0.20 -0.4076  0.2378
-0.10 0.1136  0.2180 -0.10 -0.1951 0.1847 -0.10 -0.0660  0.1986
0.00 0.4922 0.1563 0.00 0.1778 0.1332 0.00 0.3100 0.1429
0.10 0.4967  0.0927 0.10 0.4313 0.0903 0.10 0.4632  0.0915
0.20 0.1810  0.0933 0.20 0.3989 0.0703 0.20 0.3201 0.0786
0.30 -0.0906  0.0893 0.30 0.1844 0.0467 0.30 0.1253  0.0558
0.40 -0.1826  0.0890 0.40 -0.0176 0.0309 0.40 -0.0354  0.0371
0.50 -0.2646  0.0501 0.50 -0.2025 0.0370 0.50 -0.2244  0.0416
0.60 -0.4184  0.0159 0.60 -0.4104 0.0314 0.60 -0.4168  0.0191
0.70 -0.6038  0.0190 0.70 -0.6187 0.0358 0.70 -0.6071  0.0227
0.80 -0.7618  0.0180 0.80 -0.7527 0.0584 0.80 -0.7610  0.0215
0.88 -0.7559  0.0243 0.88 -0.6660 0.0763 0.88 -0.7476  0.0291
2.400 GeV < /s < 2.410 GeV
-0.50 -0.5805 0.1169 -0.50 -0.5805 0.1169
-0.40 -0.6510  0.1168 -0.40 -0.6510  0.1168
-0.30 -0.5136  0.0808 -0.30 -0.5136  0.0808
-0.20 -0.3083  0.0774 -0.20 -0.3083  0.0774
-0.10 -0.0801  0.1025 -0.10 0.3869 0.1966 -0.10 0.0197  0.1226
0.00 0.1157  0.1302 0.00 0.3553 0.1344 0.00 0.2317  0.1323
0.10 0.2159  0.1095 0.10 0.2787 0.0876 0.10 0.2542  0.0962
0.20 0.2183  0.0916 0.20 0.2283 0.0486 0.20 0.2261 0.0580
0.30 0.1638  0.0746 0.30 0.2042 0.0405 0.30 0.1950  0.0483
0.40 0.0049  0.0744 0.40 0.0865 0.0360 0.40 0.0710  0.0432
0.50 -0.2288  0.0503 0.50 -0.1052 0.0596 0.50 -0.1774  0.0541
0.60 -0.4513  0.0380 0.60 -0.3326 0.0592 0.60 -0.4166  0.0442
0.70 -0.6076  0.0504 0.70 -0.5964 0.0509 0.70 -0.6021  0.0506
0.80 -0.6890  0.0510 0.80 -0.8470 0.0579 0.80 -0.7579  0.0540
0.88 -0.7092  0.0492 0.88 -0.9607 0.0688 0.88 -0.7943  0.0558
2.410 GeV < /5 < 2.420 GeV
-0.50 -0.3028 0.1141 -0.50 -0.3028  0.1141
-0.40 -0.4143  0.1113 -0.40 -0.4143  0.1113
-0.30 -0.3378  0.0902 -0.30 -0.3378  0.0902
-0.20 -0.1921  0.0845 -0.20 -0.1921  0.0845
-0.10 -0.0598  0.0961 -0.10 0.2257 0.1457 -0.10 0.0267  0.1111
0.00 0.0322  0.0903 0.00 0.5432 0.1851 0.00 0.1304  0.1085
0.10 0.1074 0.0659 0.10 0.4279 0.2369 0.10 0.1304 0.0782
0.20 0.2037  0.0438 0.20 0.2173 0.1763 0.20 0.2044  0.0515
0.30 0.2289  0.0394 0.30 0.1700 0.1102 0.30 0.2222  0.0475
0.40 0.0648  0.0511 0.40 0.0187 0.0602 0.40 0.0455  0.0550
0.50 -0.2455  0.0581 0.50 -0.2693 0.0899 0.50 -0.2525  0.0675
0.60 -0.5461  0.0609 0.60 -0.5633 0.0823 0.60 -0.5522  0.0685

230
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0.70 -0.7394  0.0544 0.70 -0.6944 0.0787 0.70 -0.7248  0.0623
0.80 -0.8291  0.0497 0.80 -0.7979 0.0611 0.80 -0.8167  0.0543
0.88 -0.8450  0.0506 0.88 -0.8190 0.0508 0.88 -0.8320  0.0507
2.420 GeV < /5 < 2.430 GeV
-0.50 -0.2207  0.1293 -0.50 -0.2207  0.1293
-0.40 -0.2995  0.0962 -0.40 -0.2995  0.0962
-0.30 -0.3276  0.0612 -0.30 -0.3276  0.0612
-0.20 -0.1120  0.0712 -0.20 -0.1120  0.0712
-0.10 0.1982  0.0895 -0.10 0.3045 0.1578 -0.10 0.2241 0.1062
0.00 0.3301  0.0888 0.00 -0.0017 0.2048 0.00 0.2776  0.1072
0.10 0.2496  0.0863 0.10 -0.3767 0.2423 0.10 0.1790  0.1039
0.20 0.1223 0.0764 0.20 -0.2974 0.1847 0.20 0.0611 0.0922
0.30 0.1098  0.0608 0.30 0.2031 0.1359 0.30 0.1253  0.0733
0.40 0.1166  0.0586 0.40 0.3019 0.0811 0.40 0.1801 0.0663
0.50 -0.0622  0.0576 0.50 -0.1310 0.1129 0.50 -0.0764  0.0690
0.60 -0.3680  0.0623 0.60 -0.6011 0.1008 0.60 -0.4324  0.0729
0.70 -0.6456  0.0451 0.70 -0.8268 0.1068 0.70 -0.6730  0.0544
0.80 -0.7995  0.0443 0.80 -0.9413 0.1106 0.80 -0.8190  0.0534
0.88 -0.7527  0.0495 0.88 -0.8961 0.1109 0.88 -0.7765  0.0597
2.430 GeV < /s < 2.440 GeV
-0.50 -0.6806  0.1474 -0.50 -0.6806  0.1474
-0.40 -0.4793  0.1400 -0.40 -0.4793  0.1400
-0.30 -0.2086  0.1030 -0.30 -0.2086  0.1030
-0.20 0.0003 0.0825 -0.20 0.0003 0.0825
-0.10 0.1297  0.0852 -0.10 0.0094 0.1284 -0.10 0.0929  0.0984
0.00 0.2051 0.0713 0.00 0.0472 0.1597 0.00 0.1788  0.0860
0.10 0.2840  0.0688 0.10 0.1988 0.1646 0.10 0.2714  0.0830
0.20 0.3640  0.0637 0.20 0.2650 0.1571 0.20 0.3500  0.0769
0.30 0.3240  0.0589 0.30 0.0912 0.1334 0.30 0.2860  0.0711
0.40 0.0739  0.0550 0.40 -0.1014 0.0689 0.40 0.0057  0.0604
0.50 -0.2695  0.0509 0.50 -0.1317 0.0972 0.50 -0.2399  0.0608
0.60 -0.5471  0.0560 0.60 -0.2507 0.0855 0.60 -0.4582  0.0648
0.70 -0.7079  0.0436 0.70 -0.5166 0.1034 0.70 -0.6789  0.0527
0.80 -0.7493  0.0426 0.80 -0.7365 0.1118 0.80 -0.7477  0.0514
0.88 -0.6456  0.0487 0.88 -0.5025 0.1128 0.88 -0.6231  0.0588
2.440 GeV < /5 < 2.450 GeV
-0.50 -0.6526  0.1463 -0.50 -0.6526  0.1463
-0.40 -0.7353  0.1355 -0.40 -0.7353  0.1355
-0.30 -0.4431  0.1215 -0.30 -0.4431  0.1215
-0.20 -0.2006  0.1071 -0.20 -0.2006  0.1071
-0.10 -0.0567  0.1186 -0.10 -0.2632 0.1262 -0.10 -0.1535  0.1222
0.00 0.0724  0.1326 0.00 -0.1240 0.1025 0.00 -0.0506  0.1138
0.10 0.2010  0.1167 0.10 0.0876 0.0543 0.10 0.1077  0.0654
0.20 0.2599  0.0714 0.20 0.1884 0.0433 0.20 0.2077  0.0509
0.30 0.2250 0.0356 0.30 0.1545 0.0526 0.30 0.2029 0.0409
0.40 0.0995  0.0307 0.40 0.0385 0.0557 0.40 0.0853  0.0365
0.50 -0.1414  0.0338 0.50 -0.1858 0.0662 0.50 -0.1506  0.0405
0.60 -0.4476  0.0468 0.60 -0.3933 0.0662 0.60 -0.4295  0.0532
0.70 -0.7284  0.0463 0.70 -0.6805 0.0741 0.70 -0.7149  0.0541
0.80 -0.8539  0.0615 0.80 -0.8939 0.0991 0.80 -0.8650  0.0720
0.88 -0.5838  0.0670 0.88 -0.8355 0.1138 0.88 -0.6486  0.0791
2.450 GeV < /5 < 2.460 GeV
-0.50 -0.3764  0.1196 -0.50 -0.3764  0.1196
-0.40 -0.3116  0.1748 -0.40 -0.3116  0.1748
-0.30 -0.0600  0.2051 -0.30 -0.0600  0.2051

231
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-0.20 -0.0275 0.1701 -0.20 -0.0275  0.1701
-0.10 -0.1719  0.1288 -0.10 0.2285 0.1294 -0.10 0.0274  0.1291
0.00 -0.2646  0.0941 0.00 0.1296 0.1051 0.00 -0.0891  0.0990
0.10 -0.0400 0.0971 0.10 0.1082 0.0803 0.10 0.0479  0.0871
0.20 0.1957  0.0977 0.20 0.1981 0.0721 0.20 0.1973  0.0811
0.30 0.2792  0.1065 0.30 0.2556 0.0656 0.30 0.2621 0.0768
0.40 0.0689 0.1057 0.40 0.0888 0.0421 0.40 0.0861 0.0508
0.50 -0.2154  0.0762 0.50 -0.2416 0.0326 0.50 -0.2375  0.0394
0.60 -0.4310  0.0544 0.60 -0.5046 0.0324 0.60 -0.4853  0.0382
0.70 -0.5957  0.0441 0.70 -0.6935 0.0436 0.70 -0.6451  0.0438
0.80 -0.7429 0.0616 0.80 -0.8856 0.0509 0.80 -0.8277  0.0553
0.88 -0.8285  0.0687 0.88 -0.9520 0.0644 0.88 -0.8943  0.0664
2.460 GeV < /5 < 2.470 GeV
-0.50 -0.4709  0.1465 -0.50 -0.4709  0.1465
-0.40 -0.7664  0.2161 -0.40 -0.7664  0.2161
-0.30 -0.7531  0.2569 -0.30 -0.7531  0.2569
-0.20 -0.5550  0.2343 -0.20 -0.5550  0.2343
-0.10 -0.2673  0.1784 -0.10 -0.0201 0.1389 -0.10 -0.1134  0.1538
0.00 -0.0350  0.1059 0.00 0.0952 0.1006 0.00 0.0334 0.1031
0.10 0.0502  0.0738 0.10 -0.0087 0.0780 0.10 0.0224  0.0758
0.20 0.0311 0.0700 0.20 -0.0506 0.0907 0.20 0.0006  0.0777
0.30 -0.0466  0.0914 0.30 0.0507 0.0949 0.30 0.0002  0.0931
0.40 -0.1907  0.0928 0.40 0.0219 0.0758 0.40 -0.0631  0.0826
0.50 -0.3661  0.0682 0.50 -0.2667 0.0531 0.50 -0.3042  0.0588
0.60 -0.5233  0.0463 0.60 -0.4973 0.0279 0.60 -0.5042  0.0328
0.70 -0.6444  0.0373 0.70 -0.6294 0.0291 0.70 -0.6351  0.0322
0.80 -0.7227  0.0382 0.80 -0.7363 0.0516 0.80 -0.7275  0.0430
0.87 -0.7386  0.0406 0.87 -0.7673 0.0651 0.87 -0.7466  0.0474
2.470 GeV < /s < 2.480 GeV
-0.50 -0.1159  0.1773 -0.50 -0.1159  0.1773
-0.40 -0.1601  0.2208 -0.40 -0.1601  0.2208
-0.30 -0.0038  0.2552 -0.30 -0.0038  0.2552
-0.20 0.1252 0.2220 -0.20 0.1252 0.2220
-0.10 0.1520  0.1468 -0.10 -0.2725 0.1319 -0.10 -0.0828  0.1386
0.00 0.0907  0.0708 0.00 0.0263 0.1124 0.00 0.0724  0.0826
0.10 0.0405  0.0278 0.10 0.2385 0.0963 0.10 0.0558  0.0331
0.20 0.0882  0.0339 0.20 0.2331 0.1195 0.20 0.0990  0.0403
0.30 0.1455  0.0557 0.30 0.1031 0.1395 0.30 0.1396  0.0672
0.40 0.0317  0.0680 0.40 -0.1830 0.1341 0.40 -0.0122  0.0815
0.50 -0.2068  0.0594 0.50 -0.3793 0.0953 0.50 -0.2551  0.0695
0.60 -0.4118  0.0455 0.60 -0.5180 0.0553 0.60 -0.4547  0.0494
0.70 -0.5496  0.0356 0.70 -0.6391 0.0249 0.70 -0.6097  0.0284
0.80 -0.6456  0.0298 0.80 -0.7699 0.0206 0.80 -0.7297  0.0236
0.87 -0.7060  0.0263 0.87 -0.7060  0.0263
2.480 GeV < /5 < 2.490 GeV
-0.50 -0.1525  0.1550 -0.50 -0.1525  0.1550
-0.40 -0.1535 0.1242 -0.40 -0.1535  0.1242
-0.30 -0.1926  0.1137 -0.30 -0.1926  0.1137
-0.20 -0.1760  0.1406 -0.20 -0.1760  0.1406
-0.10 -0.1007  0.1586 -0.10 0.2004 0.2303 -0.10 -0.0038  0.1816
0.00 -0.0284  0.1459 0.00 0.2486 0.2144 0.00 0.0593  0.1676
0.10 0.0142 0.1271 0.10 0.1606 0.2123 0.10 0.0528 0.1496
0.20 0.0578  0.1043 0.20 0.2483 0.1831 0.20 0.1044  0.1236
0.30 0.0677  0.0769 0.30 0.4416 0.1498 0.30 0.1457  0.0922
0.40 -0.0806  0.0520 0.40 0.2393 0.1356 0.40 -0.0397  0.0627
0.50 -0.3096  0.0402 0.50 -0.0901 0.1154 0.50 -0.2859  0.0483
0.60 -0.5072  0.0424 0.60 -0.4275 0.0693 0.60 -0.4855  0.0497
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0.70 -0.6340  0.0504 0.70 -0.5630 0.0344 0.70 -0.5855  0.0395
0.80 -0.6768  0.0589 0.80 -0.7548 0.0217 0.80 -0.7455  0.0261
0.87 -0.6673  0.0624 0.87 -0.6673  0.0624
2.490 GeV < /5 < 2.500 GeV
-0.50 0.3472 0.1768 -0.50 0.3472 0.1768
-0.40 0.0569  0.1523 -0.40 0.0569  0.1523
-0.30 -0.2405 0.1109 -0.30 -0.2405 0.1109
-0.20 -0.3352  0.0812 -0.20 -0.3352  0.0812
-0.10 -0.3230  0.0797 -0.10 0.0339 0.2052 -0.10 -0.2762  0.0962
0.00 -0.3019  0.0945 0.00 -0.3340 0.2166 0.00 -0.3071  0.1140
0.10 -0.2834  0.1031 0.10 -0.4477 0.2254 0.10 -0.3118  0.1242
0.20 -0.1993  0.1102 0.20 -0.1590 0.1731 0.20 -0.1877  0.1283
0.30 -0.0614  0.1063 0.30 0.2384 0.0948 0.30 0.1055  0.0999
0.40 -0.0777  0.0807 0.40 0.2040 0.0395 0.40 0.1495  0.0475
0.50 -0.2707  0.0441 0.50 -0.0774 0.0316 0.50 -0.1431  0.0359
0.60 -0.5054  0.0198 0.60 -0.3489 0.0518 0.60 -0.4854  0.0239
0.70 -0.6955  0.0282 0.70 -0.5915 0.0560 0.70 -0.6745  0.0338
0.80 -0.8077  0.0553 0.80 -0.7996 0.0447 0.80 -0.8028  0.0489
0.87 -0.8399 0.0721 0.87 -0.8449 0.0280 0.87 -0.8442  0.0338
2.500 GeV < /5 < 2.510 GeV
-0.10 -0.2138  0.0325 -0.10 -0.2240 0.1661 -0.10 -0.2142  0.0374
0.00 -0.2076  0.0505 0.00 -0.3726 0.1186 0.00 -0.2330  0.0610
0.10 -0.1752  0.0728 0.10 -0.4678 0.0716 0.10 -0.3240 0.0722
0.20 0.0549 0.1085 0.20 -0.2091 0.0474 0.20 -0.1668  0.0572
0.30 0.2742  0.1257 0.30 0.2097 0.0511 0.30 0.2189  0.0617
0.40 0.1529  0.1193 0.40 0.2522 0.0518 0.40 0.2364  0.0626
0.50 -0.2311  0.1075 0.50 -0.1098 0.0585 0.50 -0.1375  0.0697
0.60 -0.5302  0.0970 0.60 -0.5341 0.0661 0.60 -0.5329  0.0759
0.70 -0.6708  0.0801 0.70 -0.7669 0.0699 0.70 -0.7254  0.0743
0.80 -0.8054  0.0586 0.80 -0.8220 0.0558 0.80 -0.8141  0.0571
0.87 -0.9194  0.0474 0.87 -0.8015 0.0344 0.87 -0.8421  0.0388
2.510 GeV < /s < 2.520 GeV
-0.10 -0.3635  0.0883 -0.10 0.2261 0.1936 -0.10 -0.2620  0.1064
0.00 -0.2873  0.0565 0.00 -0.0334 0.1673 0.00 -0.2613  0.0678
0.10 -0.1131  0.0415 0.10 -0.3002 0.1216 0.10 -0.1327  0.0499
0.20 0.1287 0.0571 0.20 -0.1687 0.0733 0.20 0.0165 0.0632
0.30 0.3011  0.0806 0.30 0.0826 0.0795 0.30 0.1903  0.0800
0.40 0.2278 0.1014 0.40 0.0466 0.0692 0.40 0.1041 0.0794
0.50 -0.0022  0.1034 0.50 -0.1364 0.0730 0.50 -0.0918  0.0831
0.60 -0.2552  0.0944 0.60 -0.3346 0.0808 0.60 -0.3010  0.0865
0.70 -0.4857  0.0734 0.70 -0.4910 0.0733 0.70 -0.4884  0.0733
0.80 -0.6797  0.0535 0.80 -0.7342 0.0637 0.80 -0.7022  0.0577
0.87 -0.7999  0.0449 0.87 -0.9042 0.0445 0.87 -0.8525  0.0447
2.520 GeV < /5 < 2.530 GeV
-0.10 -0.1013  0.1120 -0.10 -0.1013  0.1120
0.00 -0.1483  0.0737 0.00 -0.1483  0.0737
0.10 -0.1047  0.0665 0.10 -0.1047  0.0665
0.20 -0.0072  0.0906 0.20 0.0508 0.0736 0.20 0.0277  0.0804
0.30 0.0538  0.1219 0.30 0.2468 0.0727 0.30 0.1961 0.0856
0.40 -0.0403 0.1341 0.40 0.0756 0.0654 0.40 0.0534 0.0786
0.50 -0.3011  0.1175 0.50 -0.2879 0.0684 0.50 -0.2912  0.0808
0.60 -0.4678  0.0897 0.60 -0.4748 0.0861 0.60 -0.4714  0.0878
0.70 -0.6435  0.0600 0.70 -0.7019 0.0736 0.70 -0.6669  0.0654
0.80 -0.7835  0.0423 0.80 -0.8595 0.0612 0.80 -0.8081  0.0484
0.87 -0.8554  0.0348 0.87 -0.9115 0.0455 0.87 -0.8762  0.0388
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2.530 GeV < /s < 2.540 GeV

-0.10 -0.3878  0.1070 -0.10 -0.1787 0.0783 -0.10 -0.2516  0.0883
0.00 -0.3110  0.0678 0.00 -0.3441 0.0747 0.00 -0.3260 0.0709
0.10 -0.2230  0.0482 0.10 -0.3956 0.0931 0.10 -0.2594  0.0577
0.20 -0.1273  0.0517 0.20 -0.2286 0.1077 0.20 -0.1463  0.0622
0.30 -0.0730  0.0623 0.30 0.0495 0.1073 0.30 -0.0421  0.0736
0.40 -0.1608  0.0567 0.40 -0.0322 0.0804 0.40 -0.1181  0.0645
0.50 -0.3247  0.0383 0.50 -0.3642 0.0458 0.50 -0.3410 0.0414
0.60 -0.4567  0.0201 0.60 -0.5698 0.0410 0.60 -0.4785  0.0241
0.70 -0.5965  0.0203 0.70 -0.7309 0.0293 0.70 -0.6400  0.0232
0.80 -0.7061  0.0265 0.80 -0.8040 0.0322 0.80 -0.7457  0.0288
0.87 -0.7672  0.0301 0.87 -0.7940 0.0352 0.87 -0.7785  0.0323
2.540 GeV < /s < 2.550 GeV
-0.10 -0.2052  0.0835 -0.10 -0.2052  0.0835
0.00 -0.2032  0.0795 0.00 -0.2032  0.0795
0.10 -0.1480 0.0711 0.10 -0.1480 0.0711
0.20 -0.0421  0.0743 0.20 -0.3418 0.1095 0.20 -0.1365 0.0854
0.30 0.1193 0.0779 0.30 -0.1450 0.0989 0.30 0.0180 0.0859
0.40 0.0476 0.0717 0.40 -0.0120 0.0700 0.40 0.0171 0.0708
0.50 -0.2504  0.0517 0.50 -0.1892 0.0458 0.50 -0.2161  0.0484
0.60 -0.4951  0.0288 0.60 -0.4997 0.0462 0.60 -0.4964  0.0337
0.70 -0.6443  0.0244 0.70 -0.6574 0.0291 0.70 -0.6497  0.0263
0.80 -0.7377  0.0171 0.80 -0.7862 0.0195 0.80 -0.7588  0.0181
0.87 -0.7870  0.0103 0.87 -0.8220 0.0136 0.87 -0.7998 0.0115
2.550 GeV < /s < 2.560 GeV
-0.10 -0.2251  0.0986 -0.10 -0.2251  0.0986
0.00 -0.0859  0.0710 0.00 -0.0859  0.0710
0.10 0.0206 0.0512 0.10 0.0206 0.0512
0.20 -0.0014  0.0654 0.20 0.0751 0.1449 0.20 0.0116 0.0789
0.30 -0.1182  0.0774 0.30 0.1749 0.1463 0.30 -0.0541  0.0925
0.40 -0.2190 0.0811 0.40 0.0497 0.0889 0.40 -0.0969 0.0846
0.50 -0.2988  0.0719 0.50 -0.2218 0.0565 0.50 -0.2512 0.0624
0.60 -0.4122  0.0579 0.60 -0.4532 0.0529 0.60 -0.4346  0.0552
0.70 -0.5582  0.0475 0.70 -0.6517 0.0520 0.70 -0.6008  0.0495
0.80 -0.7043  0.0261 0.80 -0.7627 0.0413 0.80 -0.7210  0.0305
0.87 -0.7829  0.0124 0.87 -0.7892 0.0282 0.87 -0.7839  0.0150
2.560 GeV < /s < 2.570 GeV
-0.10 0.0146 0.1030 -0.10 0.0146 0.1030
0.00 -0.0407  0.0931 0.00 -0.0407  0.0931
0.10 -0.0586  0.0879 0.10 -0.0586  0.0879
0.20 -0.0992  0.0671 0.20 -0.4441 0.1402 0.20 -0.1635  0.0808
0.30 -0.1409  0.0533 0.30 -0.2836 0.1418 0.30 -0.1586  0.0643
0.40 -0.1255  0.0435 0.40 -0.1649 0.0940 0.40 -0.1324  0.0524
0.50 -0.1706  0.0549 0.50 -0.1590 0.0571 0.50 -0.1650  0.0560
0.60 -0.2864  0.0478 0.60 -0.3117 0.0505 0.60 -0.2983  0.0490
0.70 -0.4931  0.0392 0.70 -0.4896 0.0437 0.70 -0.4916  0.0412
0.80 -0.7001  0.0248 0.80 -0.7317 0.0456 0.80 -0.7073  0.0296
0.87 -0.8097 0.0154 0.87 -0.8919 0.0388 0.87 -0.8210 0.0186
2.570 GeV < /s < 2.580 GeV
-0.10 -0.1824  0.1410 -0.10 -0.3855 0.1763 -0.10 -0.2617  0.1548
0.00 -0.2609  0.1250 0.00 -0.6112 0.1503 0.00 -0.4042  0.1353
0.10 -0.2708  0.0877 0.10 -0.5042 0.1311 0.10 -0.3429 0.1011
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0.20 -0.2128  0.0500 0.20 -0.2150 0.1405 0.20 -0.2130  0.0602
0.30 -0.0846  0.0340 0.30 -0.0846 0.1040 0.30 -0.0846  0.0407
0.40 -0.0349  0.0309 0.40 -0.1110 0.0733 0.40 -0.0464 0.0373
0.50 -0.2328  0.0420 0.50 -0.2733 0.0536 0.50 -0.2482  0.0464
0.60 -0.4259  0.0440 0.60 -0.4149 0.0494 0.60 -0.4210 0.0464
0.70 -0.6163  0.0441 0.70 -0.6061 0.0382 0.70 -0.6105  0.0407
0.80 -0.7503  0.0422 0.80 -0.7052 0.0489 0.80 -0.7311  0.0450
0.87 -0.8106  0.0410 0.87 -0.7322 0.0480 0.87 -0.7776  0.0439
2.580 GeV < /s < 2.590 GeV
-0.10 -0.4157  0.1238 -0.10 -0.8855 0.1786 -0.10 -0.5682  0.1416
0.00 -0.4243  0.0806 0.00 -0.4205 0.1626 0.00 -0.4235  0.0968
0.10 -0.2706  0.0554 0.10 -0.0866 0.1470 0.10 -0.2477  0.0667
0.20 -0.1463  0.0492 0.20 -0.0128 0.1675 0.20 -0.1357  0.0586
0.30 -0.1416  0.0405 0.30 -0.0251 0.1420 0.30 -0.1329  0.0482
0.40 -0.1321  0.0374 0.40 0.0107 0.1051 0.40 -0.1160  0.0450
0.50 -0.1478  0.0410 0.50 -0.1059 0.0685 0.50 -0.1368  0.0482
0.60 -0.2889  0.0372 0.60 -0.3518 0.0513 0.60 -0.3106  0.0421
0.70 -0.5318  0.0381 0.70 -0.6207 0.0413 0.70 -0.5726  0.0395
0.80 -0.7882  0.0456 0.80 -0.7808 0.0525 0.80 -0.7850  0.0486
0.87 -0.9343  0.0535 0.87 -0.9086 0.0511 0.87 -0.9208  0.0522
2.590 GeV < /s < 2.600 GeV
-0.10 -0.1011  0.1311 -0.09 -0.2874 0.2589 -0.10 -0.1391  0.1572
0.00 -0.3739  0.0845 0.00 -0.4240 0.2193 0.00 -0.3803 0.1019
0.10 -0.4352  0.0590 0.10 -0.5631 0.2002 0.10 -0.4454  0.0702
0.20 -0.2581  0.0529 0.20 -0.5186 0.2350 0.20 -0.2707  0.0616
0.30 -0.0269  0.0479 0.30 -0.3912 0.1995 0.30 -0.0467  0.0561
0.40 -0.0275  0.0408 0.40 -0.2902 0.1595 0.40 -0.0437  0.0481
0.50 -0.1999  0.0373 0.50 -0.2783 0.1175 0.50 -0.2071  0.0446
0.60 -0.3994  0.0255 0.60 -0.3372 0.0884 0.60 -0.3946  0.0303
0.70 -0.5737  0.0304 0.70 -0.4786 0.0926 0.70 -0.5644  0.0365
0.80 -0.6955  0.0412 0.80 -0.6722 0.0793 0.80 -0.6906  0.0493
0.87 -0.7261  0.0540 0.87 -0.8034 0.0706 0.87 -0.7547  0.0601
2.600 GeV < /s < 2.610 GeV
-0.10 -0.3400  0.1229 -0.10 -0.2824 0.1318 -0.10 -0.3132  0.1271
0.00 -0.5679  0.1431 0.00 -0.7215 0.0910 0.00 -0.6772  0.1060
0.10 -0.4299  0.1593 0.10 -0.9048 0.0932 0.10 -0.7837  0.1101
0.20 -0.1985  0.1405 0.20 -0.4075 0.1318 0.20 -0.3097  0.1358
0.30 -0.1675 0.1016 0.30 0.2470 0.1512 0.30 -0.0386  0.1170
0.40 -0.1664  0.0647 0.40 0.2285 0.1469 0.40 -0.1022  0.0781
0.50 -0.1735  0.0656 0.50 -0.2656 0.1015 0.50 -0.2006  0.0762
0.60 -0.3042  0.0710 0.60 -0.5905 0.0724 0.60 -0.4444  0.0717
0.70 -0.5398  0.0658 0.70 -0.7525 0.0891 0.70 -0.6148  0.0740
0.80 -0.7547  0.0478 0.80 -0.8994 0.0794 0.80 -0.7932  0.0562
0.87 -0.7976  0.0377 0.87 -0.9737 0.0706 0.87 -0.8367  0.0450
2.610 GeV < /s < 2.620 GeV
-0.10 -0.4257  0.0656 -0.10 -0.1948 0.0938 -0.10 -0.3499  0.0748
0.00 -0.7750  0.1045 0.00 -0.6555 0.1096 0.00 -0.7181  0.1069
0.10 -0.8454  0.1573 0.10 -0.6476 0.1451 0.10 -0.7386  0.1507
0.20 -0.6352  0.1619 0.20 -0.4183 0.1785 0.20 -0.5373  0.1694
0.30 -0.2672  0.1358 0.30 -0.1079 0.1403 0.30 -0.1901  0.1380
0.40 -0.1389  0.1041 0.40 0.0143 0.0995 0.40 -0.0588  0.1017
0.50 -0.3239  0.0986 0.50 -0.1989 0.0776 0.50 -0.2467  0.0856
0.60 -0.5511  0.0843 0.60 -0.4407 0.0689 0.60 -0.4849  0.0750
0.70 -0.7207  0.0598 0.70 -0.6013 0.0623 0.70 -0.6634  0.0610
0.80 -0.8126  0.0437 0.80 -0.7931 0.0780 0.80 -0.8080  0.0519
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0.87 -0.8177  0.0334 ‘ 0.87 -0.8678 0.0896 ‘ 0.87 -0.8238  0.0403
2.620 GeV < /s < 2.630 GeV
-0.10 -0.3549  0.0896 -0.10 -0.4336 0.1541 -0.10 -0.3748  0.1059
0.00 -0.5201  0.1163 0.00 -0.7910 0.1650 0.00 -0.6100  0.1325
0.10  -0.3612 0.1765 | 0.10  -0.3527  0.1833 0.10  -0.3571 0.1798
0.20 -0.1428  0.1866 0.20 0.0572 0.1969 0.20 -0.0482  0.1915
0.30 0.0372  0.1506 0.30 0.2621 0.1786 0.30 0.1307  0.1623
0.40 0.1086  0.1087 0.40 0.1913 0.1384 0.40 0.1401 0.1200
0.50 -0.0544  0.0916 0.50 -0.0724 0.0757 0.50 -0.0651  0.0821
0.60 -0.3472  0.0724 0.60 -0.3611 0.0313 0.60 -0.3589  0.0378
0.70 -0.6427  0.0431 0.70 -0.6474 0.0199 0.70 -0.6466  0.0240
0.80  -0.8038 0.0332 | 0.80  -0.7663  0.0415 0.80  -0.7891  0.0364
0.87 -0.6992  0.0306 0.87 -0.6173 0.0532 0.87 -0.6789  0.0362
2.630 GeV < /s < 2.640 GeV
-0.10 -0.4892  0.0966 -0.10 -0.4892  0.0966
0.00 -0.7389  0.1194 0.00 -0.7389  0.1194
0.10  -0.8744 0.1755 0.10  -0.8744 0.1755
0.20 -0.7503  0.1920 0.20 -0.7503  0.1920
0.30 -0.2838  0.1292 0.30 -0.3452 0.1597 0.30 -0.3081 0.1413
0.40 0.0812  0.0695 0.40 -0.2342 0.1453 0.40 0.0224  0.0836
0.50 -0.0971 0.0274 0.50 -0.1762 0.0784 0.50 -0.1057  0.0329
0.60 -0.3870  0.0287 0.60 -0.4008 0.0453 0.60 -0.3909  0.0335
0.70 -0.6164  0.0201 0.70 -0.6432 0.0459 0.70 -0.6207  0.0242
0.80  -0.7738 0.0226 | 0.80  -0.7558  0.0709 0.80  -0.7722  0.0270
0.87 -0.8095  0.0249 0.87 -0.6750 0.0799 0.87 -0.7976  0.0297
2.640 GeV < /5 < 2.650 GeV
-0.10 -0.4307  0.1725 -0.10 -0.2961 0.1617 -0.10 -0.3591  0.1667
0.00 -0.8157  0.1693 0.00 -0.8243 0.2005 0.00 -0.8193  0.1823
0.10  -0.8365 0.1764 | 0.10  -0.9115  0.1884 0.10  -0.8715 0.1820
0.20 -0.3937  0.1697 0.20 -0.0982 0.1951 0.20 -0.2664  0.1806
0.30 0.1454  0.1328 0.30 0.2579 0.1230 0.30 0.2059 0.1275
0.40 0.1197  0.0901 0.40 0.0311 0.1313 0.40 0.0913 0.1033
0.50 -0.1574  0.0439 0.50 -0.1258 0.0881 0.50 -0.1511  0.0527
0.60 -0.4361  0.0240 0.60 -0.2726 0.0791 0.60 -0.4224  0.0286
0.70 -0.6674  0.0260 0.70 -0.5159 0.0686 0.70 -0.6485 0.0313
0.80 -0.7852  0.0411 0.80 -0.8547 0.0739 0.80 -0.8016  0.0489
0.87 -0.7499  0.0525 0.87 -0.9392 0.0755 0.87 -0.8116  0.0600
2.650 GeV < /5 < 2.660 GeV
0.40 -0.0880 0.1271 0.40 -0.0354 0.1774 0.40 -0.0702  0.1442
0.50 -0.1566  0.0682 0.50 -0.3349 0.1765 0.50 -0.1798  0.0823
0.60  -0.3542 0.0569 | 0.60  -0.5256  0.1140 0.60  -0.3884 0.0683
0.70 -0.6333  0.0488 0.70 -0.7126 0.0808 0.70 -0.6545 0.0573
0.80 -0.8531  0.0620 0.80 -0.8782 0.0985 0.80 -0.8602 0.0724
0.87 -0.9552  0.0730 0.87 -0.9253 0.1129 0.87 -0.9464 0.0848
2.660 GeV < /s < 2.670 GeV
0.40 0.0362  0.1003 0.40 0.0362  0.1003
0.50 0.0348  0.0609 0.50 0.1790 0.1630 0.50 0.0525 0.0734
0.60 -0.2879  0.0496 0.60 -0.3894 0.0898 0.60 -0.3116  0.0590
0.70 -0.5569  0.0492 0.70 -0.6080 0.0566 0.70 -0.5789  0.0524
0.80 -0.7013  0.0813 0.80 -0.6635 0.0875 0.80 -0.6838  0.0841
0.87 -0.7132  0.1084 0.87 -0.5834 0.1125 0.87 -0.6507  0.1103
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2.670 GeV < /s < 2.680 GeV

0.40 0.0775 0.0885 0.40 0.0775 0.0885
0.50 -0.1513 0.0514 0.50 -0.1402 0.1193 0.50 -0.1496  0.0620
0.60 -0.4140  0.0558 0.60 -0.4460 0.0566 0.60 -0.4298  0.0562
0.70 -0.5921  0.0491 0.70 -0.6757 0.0393 0.70 -0.6431  0.0431
0.80 -0.6459  0.0581 0.80 -0.8579 0.0755 0.80 -0.7249  0.0646
0.87 -0.5599  0.0678 0.87 -0.9326 0.0997 0.87 -0.6778  0.0779
2.680 GeV < /s < 2.690 GeV
0.40 0.0051 0.1023 0.40 0.0051 0.1023
0.50 -0.1483  0.0453 0.50 -0.0861 0.0893 0.50 -0.1356  0.0543
0.60 -0.4217  0.0476 0.60 -0.3960 0.0641 0.60 -0.4125  0.0535
0.70 -0.6646  0.0416 0.70 -0.6108 0.0385 0.70 -0.6357  0.0399
0.80 -0.8003  0.0606 0.80 -0.7649 0.0535 0.80 -0.7804  0.0566
0.87 -0.7815  0.0696 0.87 -0.8620 0.0685 0.87 -0.8225  0.0690
2.690 GeV < /s < 2.700 GeV
0.40 0.1023 0.1311 0.40 0.1023 0.1311
0.50 0.0378 0.1074 0.50 -0.4002 0.1544 0.50 -0.1051  0.1228
0.60 -0.4753  0.0592 0.60 -0.5354 0.1214 0.60 -0.4869 0.0712
0.70 -0.7117  0.0413 0.70 -0.6576 0.0708 0.70 -0.6979  0.0488
0.80 -0.7753  0.0439 0.80 -0.7478 0.0468 0.80 -0.7624  0.0453
0.87 -0.6236  0.0497 0.87 -0.6728 0.0414 0.87 -0.6526  0.0448
2.700 GeV < /s < 2.710 GeV
0.50 -0.1755  0.1178 0.50 -0.1755  0.1178
0.60 -0.3009 0.0712 0.60 -0.1444 0.1222 0.60 -0.2612  0.0842
0.70 -0.6200 0.0470 0.70 -0.4995 0.0714 0.70 -0.5836  0.0544
0.80 -0.8540  0.0445 0.80 -0.7895 0.0438 0.80 -0.8212  0.0442
0.87 -0.8099  0.0500 0.87 -0.7367 0.0378 0.87 -0.7633  0.0422
2.710 GeV < /s < 2.720 GeV
0.50 -0.2525  0.1015 0.50 -0.2525  0.1015
0.60 -0.4875  0.0539 0.60 -0.4269 0.1176 0.60 -0.4770  0.0650
0.70 -0.6871  0.0511 0.70 -0.5808 0.0542 0.70 -0.6371  0.0525
0.80 -0.7687  0.0338 0.80 -0.7569 0.0313 0.80 -0.7623  0.0324
0.87 -0.7375  0.0306 0.87 -0.8409 0.0265 0.87 -0.7965  0.0283
2.720 GeV < /s < 2.730 GeV
0.50 -0.1464  0.0887 0.50 -0.1464  0.0887
0.60 -0.5175  0.0529 0.60 -0.2002 0.1180 0.60 -0.4644  0.0638
0.70 -0.7327  0.0473 0.70 -0.6111 0.0517 0.70 -0.6773  0.0493
0.80 -0.8103  0.0368 0.80 -0.8002 0.0251 0.80 -0.8034  0.0288
0.87 -0.8170  0.0274 0.87 -0.8170 0.0274
2.730 GeV < /s < 2.740 GeV
0.50 -0.1688  0.1364 0.50 -0.1688  0.1364
0.60 -0.3492  0.0904 0.60 -0.4798 0.1362 0.60 -0.3892 0.1044
0.70 -0.5793  0.0523 0.70 -0.6771 0.0773 0.70 -0.6100  0.0601
0.80 -0.7466  0.0550 0.80 -0.7795 0.0483 0.80 -0.7652  0.0512
0.86 -0.8142  0.0473 0.86 -0.7906 0.0346 0.86 -0.7988  0.0391
2.740 GeV < /s < 2.750 GeV
0.50 0.1805 0.1370 0.50 0.1805 0.1370
0.60 -0.3842  0.0799 0.60 -0.6092 0.0722 0.60 -0.5081  0.0757
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0.70 -0.7653  0.0435 0.70 -0.8203 0.0785 0.70 -0.7783  0.0517
0.80 -0.7973  0.0539 0.80 -0.7798 0.0861 0.80 -0.7924  0.0629
0.86 -0.6420 0.0408 0.86 -0.6466 0.0935 0.86 -0.6427  0.0492
2.750 GeV < /s < 2.760 GeV
0.50 -0.0836 0.1554 0.50 -0.0836 0.1554
0.60 -0.2971  0.1012 0.60 -0.3237 0.0947 0.60 -0.3113  0.0978
0.70 -0.5606  0.0550 0.70 -0.6255 0.0791 0.70 -0.5818 0.0628
0.80 -0.7530  0.0547 0.80 -0.9339 0.0889 0.80 -0.8027  0.0641
0.86 -0.7577  0.0459 0.86 -0.9956 0.0929 0.86 -0.8043 0.0551
2.760 GeV < /5 < 2.770 GeV
0.50 -0.2536  0.1053 0.50 -0.2536  0.1053
0.60 -0.5125 0.0585 0.60 -0.4721 0.0896 0.60 -0.5004 0.0678
0.70 -0.6571 0.0580 0.70 -0.6184 0.0687 0.70 -0.6410 0.0625
0.80 -0.7823  0.0609 0.80 -0.8340 0.0473 0.80 -0.8145 0.0524
0.86 -0.8562  0.0728 0.86 -0.9253 0.0328 0.86 -0.9136  0.0395
2.770 GeV < /s < 2.780 GeV
0.50 -0.1788 0.0638 0.50 -0.1788 0.0638
0.60 -0.4475  0.0432 0.60 -0.2210 0.0803 0.60 -0.3967 0.0515
0.70 -0.5734  0.0494 0.70 -0.4349 0.0603 0.70 -0.5178 0.0538
0.80 -0.6256  0.0705 0.80 -0.8355 0.0584 0.80 -0.7499  0.0633
0.86 -0.6124  0.0769 0.86 -0.9674 0.0533 0.86 -0.8523  0.0609
2.780 GeV < /5 < 2.790 GeV
0.50 -0.2963 0.1156 0.50 -0.2963 0.1156
0.60 -0.5266  0.0773 0.60 -0.3016 0.0670 0.60 -0.3981 0.0714
0.70 -0.7363  0.0833 0.70 -0.5827 0.0704 0.70 -0.6467  0.0758
0.80 -0.7644  0.0819 0.80 -0.7822 0.0824 0.80 -0.7732  0.0822
0.86 -0.6478 0.0798 0.86 -0.7411 0.0774 0.86 -0.6959 0.0786
2.790 GeV < /5 < 2.800 GeV
0.50 -0.1340 0.1721 0.50 -0.1340 0.1721
0.60 -0.6882 0.1225 0.60 -0.3937 0.0683 0.60 -0.4636  0.0811
0.70 -0.8113  0.0838 0.70 -0.6956 0.0721 0.70 -0.7449 0.0771
0.80 -0.8403 0.0600 0.80 -0.9422 0.0838 0.80 -0.8749 0.0680
0.86 -0.8302 0.0504 0.86 -0.9898 0.0762 0.86 -0.8788  0.0583
2.800 GeV < /s < 2.810 GeV
0.50 0.1074 0.1571 0.50 0.1074 0.1571
0.60 -0.2815 0.1101 0.60 -0.2222 0.0734 0.60 -0.2405 0.0847
0.70 -0.5914  0.0853 0.70 -0.4177 0.0832 0.70 -0.5023 0.0842
0.80 -0.8171  0.0329 0.80 -0.8476 0.0864 0.80 -0.8209 0.0396
0.86 -0.8246  0.0074 0.86 -0.9571 0.0800 0.86 -0.8257  0.0080
2.810 GeV < /5 < 2.820 GeV
0.50 -0.0344  0.0419 0.50 -0.0344  0.0419
0.60 -0.3098 0.0346 0.60 -0.3194 0.1376 0.60 -0.3104  0.0408
0.70 -0.6244  0.0320 0.70 -0.5215 0.0772 0.70 -0.6093 0.0386
0.80 -0.8088 0.0275 0.80 -0.6919 0.0744 0.80 -0.7947 0.0332
0.86 -0.8334 0.0238 0.86 -0.8029 0.0793 0.86 -0.8309 0.0284

2.820 GeV < /s < 2.830 GeV
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0.50 0.0019  0.2033 0.50 0.0019  0.2033
0.60 -0.2625  0.1071 0.60 -0.0928 0.1392 0.60 -0.1994  0.1190
0.70 -0.5272  0.0501 0.70 -0.5999 0.0829 0.70 -0.5467  0.0589
0.80 -0.7052  0.0274 0.80 -0.9335 0.0788 0.80 -0.7299  0.0330
0.86 -0.8245  0.0235 0.86 -0.9951 0.1015 0.86 -0.8332  0.0275
2.830 GeV < /s < 2.840 GeV
0.50 0.4969  0.4171 0.50 0.4969  0.4171
0.60 -0.1046  0.2798 0.60 -0.4217 0.2140 0.60 -0.3047  0.2383
0.70 -0.5562  0.1374 0.70 -0.6054 0.1161 0.70 -0.5849  0.1250
0.80 -0.7902  0.0518 0.80 -0.7026 0.0852 0.80 -0.7665  0.0608
0.86 -0.8109  0.0226 0.86 -0.6980 0.1083 0.86 -0.8062  0.0262
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