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ABSTRACT

The reaction K p~K m'n has been studied for incident
kaon momenta of 2.0 GeV/c. A sample of 19,881 events was
obtained by a measurement of film taken as part of the K-63
experiment in the Berkeley 72 inch bubble chamber.

Based upon our analysis, we have reached four
conclusions. (1) The magnitude of the extrapolated Km
cross section differs by a factor of 2 from the P-wave
unitarity prediction and the K n results; this is probably
due to absorptive effects. (2) Fits to the moments yield
precise values for the Km S-wave which agree with other
recent statistically accurate experiments. (3) An anomalous
peak is present in our backward K-p+(n+n) K u-distribution.
(4) We find a non-linear enhancement due to interference

similiar to the one found by Bland et al. (Bland 1966).



_V—

TABLE OF CONTENTS

ACKNOWLEDGMENTS
DEDICATION

ABSTRACT

I. INTRODUCTION
A. Experiment
B. Kinematics
II. EXPERIMENTAL METHODS AND DATA EXTRACTION

A. Beam, Bubble Chamber, And Scanning
Measuring Projectors

B. Topologies and Expected Event
Frequencies

C. Scanning Criteria and Fiducial
Volume

D. Data Processing

E. Event Statistics and First Level
Kimenatic Separation

IIT. KINEMATIC BACKGROUND AND SELECTION OF
FINAL DATA SAMPLE

A. Studies of Missing Mass Distributions

B. Background From A° and K° Events with
Neutral Decays

C. The Scanning Efficiency

D. Cross Section Determination

23
i3

iv

L5

19

29

34

40

45

55

66
15
85



...Vi_

IV. GENERAL FEATURES OF THE DATA

DI

Resonance Production in K p + K 7'n

Dependence of the Cross Section Upon
Momentum Transfer

Angular Correlations in the Km Rest
Frame

An Anomalous Backward Peak

V. ANALYSIS

A.

Comparison of Our Differential Cross
Section and Moments With Other Km
Production Reactions

Parameterizations of the Differential
Cross Section

A Model Independent Amplitude
Decomposition Scheme

The Schlein-Malamud Method
The Froggatt and Morgan Hypothesis

OPE, Moments, and the Km S Wave Phase
Shift: An Evaluation

VI. DISCUSSION

APPENDIX I. Comments on the Scanning-

Measuring Technigque Used in
This Experiment

APPENDIX II. Beam Averaging

APPENDIX III. A° vs. K° Separation

APPENDIX IV. Spherical Harmonic Decomposition

and the Geometrical Nature of the
Baryon Resonance Correction

APPENDIX V. The Maximum Likelihood Method

87

97

103
21

129

139

147
154
162

173

176

180
184
188

191
196



APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

APPENDIX

VI.

VLIS

VIII.

IX'

X.

XI.

XII.

REFERENCES

- vii -

Monte Carlo Studies

Kinematic Form Factors
Density Matrix Elements

Phase Space

t Channel Exchange Mechanisms

The Schlein-Malamud Factoriza-
tion Hypothesis

The Froggatt-Morgan Method

200

203
211
213

218

222
226

228



Chapter I. Introduction

A. Experiment

A large part of our knowledge of the strong interaction
in elementary particle physics comes from the study of two
body scattering experiments. However, the present need to
have a stable particle as the target has restricted experi-
mental study to a small subset of all conceivable reactions.
The only truly free stationary targets used have been
protons(i). The study of neutron reactions has been pos-
sible through the interpretation of experiments conducted
with deuterium. Clearly it would be very useful to extend
our study to other types of reactions. Of particular in-
terest are meson-meson reaétions, because of the fundamental
role such particles play in the strong interaction. (In
addition for the m or K mesons, their lack of spin removes
many problems.) However, because of the short meson life-

times, it is not presently possible to directly study 7T or

KT scattering.

()

experiments in which an electron acts as the target.

The only exceptions to this statement are the various

Examples of this are the electron-positron colliding beam
machines, the m-e experiment at Serpukhov, and Fermi's

measurement of the neutron-electron cross section.



It has been conjectured that one might be able to
extract information about the pion scattering cross section
for various beam particles by looking at their interactions
with the virtual pion cloud of a nucleon as depicted in
Figure I-la. This idea was first suggested by Goebel, and
Chew and Low (Goebel 1958, Chew 1959). Chew and Low point
out the success of the analogous model of the deuteron, in
which it is considered as a bound state of a neutron and a
proton. However the pion-neutron system is virtual by
140 MeV, while the proton-neutron is virtual by only 2.2 MeV.
The sizes Of these two binding energies 1is a measure of the
relative degrees of approximation involved. However, in
either case, when the beam momentum is greater than 1 GeV/c,
the binding energy becomes a small effect and presumably
can be neglected, to first approximation. As we shall see
in Chapter IV, the greatest failing of this approximation is
not the neglect of the binding energy. Rather it is the
neglect of other processes of comparable importance such as,
for example, the excitation of a pion-nucleon resonance(ii).

Thus reactions such as ﬂ_p+w_w+n and K_p+K-ﬂ+n become

interesting reactions to study as possible sources of

(tl)This situation is analogous to nuclear scattering in
which the scattering can be described as either the
scattering from a single nucleon, or from the entire nucleus

depending upon the exact conditions.



Figure I-1l. Schematic views of various processes.
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information on meson-meson reactions(iii). The hypothesis
that such reactions are mediated by the exchange of a space-
like pion is known as the One Pion Exchange Model (or OPE).
It has been extensively developed and tested, and with
various modifications has had reasonable success in de-
scribing experimental data (Wolf 1969, Gottfried 1964,
Fox 1971).

That reactions such as ﬂ-p*ﬂ—ﬂ+n or K-p+K_ﬂ+n are
dominated by OPE-like mechanisms is indicated by their:
do

and =— ; (2) pole-like

-2
(1) s dependence of © 3E lt=0’

total

behavior of %% as t»0; (3) lack of shrinkage of %% as a
function of s(ﬁv); and (4) their flat Trieman-Yang angle
distribution (Trieman 1961). The one feature of all

experiments not reproduced by simple OPE is the quantitative
do
dat’
flatter than that generally observed. This has led

slope of The simple model predicts a shape which is

(iii)While reactions such as ﬂ+p+ﬂ+n+n or K+p+K+n+n are
amenable to study, results of such studies are much more
ambiguous due to the lack of an expected strong resonance in
the relevant meson-meson channel. However such studies are

being undertaken to measure the non-resonant amplitudes.

(ﬂv)Indicative of an a(t)=constant behavior in the Regge

language. Since this gives, in the Regge formalism, the
same behavior as one obtains without Regge corrections,
the Regge model is very rarely applied to reactions
thought to be dominated by OPE.



to several different, independent prescriptions for adding

a faster t dependence. BAmong these are the absorption model
and the Durr-Pilkun kinematic form factors, which will be
discussed later(v).

As a quantitative test of the OPE model's validity as
a source of meson-meson scattering information, a known
cross section can be extracted from a reaction related by
the theory. For instance, if we view the process pp+ppn+ﬂ—
as in Figure I-lc, then the n+p and T p elastic cross sec-
tions and moments can be extracted. This has been done at
plab=6.6 GeV/c (Colton 1968). This experiment is usually
cited as conclusive evidence that pole extrapolation and
moment analysis will provide information about the
analogous meson reactions. However, a careful examination
of the results of this experiment leads one to conclude
that they are suggestive but certainly not conclusive.

In Figure I-2 the t dependence of the differential
cross section from this experiment is plotted along with the
prediction (fit) of the Durr-Pilkun theory. Since the cut-
off at low t is due to phase space, we can see from the

figure that the data are not accurate enough for this to be

a stringent test. As we shall see in Chapter V, the large

(v)

Since these modifications are independently motivated,
and give the same numerical results, no model independent

picture of the physically meaningful effects emerges.



Figure I-2. The t dependence of pp ~+ p'n-A++ at 6.6 GeV/c as
determined by E. Colton (1968). 1In a, c, and e are plotted
the t distributions for the data selected on different 7 p

masses. The curve is a Durr-Pilkun fit. The dip at low t is
due to the phase space cutoff, so the data do not exhibit

a characteristic enough t dependence to make this experiment

a very stringent test of the theory.
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number of free parameters in this theory requires a large
variety of experiments to both fix and check all these
parameters, so this does not comprise a conclusive test of
the model.

In Figures I-3 and I-4, the resulting moments (the
points) and the on-shell measurements (the curves) for
n-p and w+p elastic scattering are plotted(vi). The T p
moments show some agreement, but the n+p results show a
glaring discrepancy. In order to justify the Durr-Pilkun
model, one must extract the features of both 7 p+7 p and
ﬂ+p+n+p without ambiguous post hoc modifications. It has
been claimed (Colton 1968) that this discrepancy can be
cured by either extrapolating the moments in t, or by
requiring the other vertex to be a single strong resonance,
or by a smaller t cut, etc. However, until this is actually
demonstrated for both 7 p and ﬂ+p, the validity and univer-
sality of the method is open to strong doubts.

In spite of such doubts, many people have begun to

apply such methods to mesonic reactions. The simplest

(vz)Where the differential cross section is expanded as

ol

A

o _ O L

3 = E(K_> PL (cos 0).
LYo

Q



Figure I-3. The shape parameters for m p elastic scattering
as determined in pp - ppw+ﬂ_ at 6.6 GeV/c (from Colton 1968).
The solid curves are the actual n_p measured values. The
experimental moments seem to be in qualitative agreement with
the m p measured values although slight quantitative

discrepancies are possibly present.
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Figure I-4. The shape parameter for ﬂ+p elastic scattering
as determined in pp - ppﬂ+ﬂ—. The solid curves are the
actual ﬂ+p measured values. There is clearly a glaring

discrepancy in Al/AO in these data.
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reaction to examine is ﬂ-p+ﬂ-ﬂ+n. Many such experiments
have been performed and they seem to yield the features one
expects in 7mm scattering (Schlein 1967, Malamud 1967). In
order to test and extend this hypothesis, several experi-
menters have begun to examine other reactions. An inter-
esting extension is that of the related pair of reactions

K p+*K m'n and K'n+K'17p, where one can begin to explore the
Km elastic scattering amplitude. 1In this case the G-parity
constraint which rules out p exchange in ﬂ_p+n_ﬂ+n is not
present so that these reactions could show deviations not
present in the pion induced reactions. Experiments have
been completed at 5.5 GeV/c, and 10 GeV/c in K_p and at

3 GeV/c in K+n; a comparison of these indicates that this is
a more complex system than 7 p»7 7 n (Fox 1971, ABCLV 1968,
Bassompierre 1970).

We have completed a high statistics experiment on the
reaction K_p+K_ﬂ+n at plab=2 GeV/c. The aim of this exper-
iment was to extract the Kt elastic cross section. How-
ever, as we shall see, this problem is far more ambiguous
than was realized at the outset, so that a far more syste-
matic study of several reactions at different energies and
with extremely high statistics will be required before we
can understand all the extraneous effects, and extract the

KT cross-section unambiguously.
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In Chapter II, the standard experimental methods are
discussed and the resulting ambiguous samples summarized.

In Chapter III, the studies which determine the
reliability of our data are presented. Also the criteria
which define our final data sample are summarized.

In Chapter IV, the data are presented and their qualita-
tive features are discussed. As part of this chapter the
evidence indicating an anomalous backward peak is presented
and discussed. This backward peak is somewhat surprising
since, taken at face value, it violates either SU(3) or the
symmetry between s and t channels.

In Chapter V, a quantitative comparison of our data
with other experiments is made, and an attempt to extract
the Km phase shifts is presented. The comparison seems to
be surprisingly good but the phase shift analysis seems to

yield inconclusive results.



B

B. Kinematics

In the detailed study of a reaction such as ours, one
obtains information from the dependence of the frequency
distribution of events upon the various kinematic variables
and the association of such dependencies with those of
various models. We shall present a brief description of the
kinematic variables commonly used in the analysis of a
three body final state.

In such a state at fixed beam momentum, there are four
kinematic dimensions (neglecting nucleon spins - - see
Appendix IX). The particular set of variables we choose is
not unique. What we want is a set which is most appropriate
for the physics we are describing. In our case the dynamics
is dominated by the scattering of the two initial particles
into a quasi-two-body final state in which one of the final
state particles subsequently decays as depicted in Figure
I-1d. This suggests that we choose as our set of kinematic
variables the momentum transfer (t=(52-§5)2); the resonance's
mass (m= 53+§u ); and the resonance's decay distribution
(6,6), and thus treat the reaction K p»K T n as the sum of
two processes K p+K*°n and KO-k n.

By decomposing the meson-meson center of mass angular
distribution into its spherical harmonic moments, we reduce
a continuous two dimensional distribution (6,¢) into a

discrete set of numerical values which is, in practice,
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quite limited in number(vii). However there does exist
one ambiguity in this decomposition which cannot be a
priori resolved. There exists the question of what axes
to use in defining the relevant angles. The two frames
that are commonly used are the helicity (or s-channel
helicity) frame, and the Gottfried-Jackson (or t-channel
helicity) frame; shown in Figures I-5a and b. lIn both
frames the K;ut - ﬂ;ut center of mass is at rest and the y
axis is defined as being perpendicular to the production
plane. In the helicity frame, the neutron's momentum
vector lies along the -z axis; in the Gottfried-Jackson
frame the K;n momentum vector lies along the +z axis.
(The azimuthal angle in the Gottfried-Jackson frame is
commonly known as the Trieman-Yang angle.) Clearly for
any given event the transformation between frames is a
well defined rotation. However this rotation is dependent
upon both t and My (for fixed beam momentum) .

Naturally the choice of which two particles in a

reaction to regard as the decay products of a resonance is

ambiguous and must be determined from experiment. For

(vii)An exactly equivalent procedure is to decompose the
decay distribution by the density matrix formalism. This
possesses the advantage of being more closely related to
the individual amplitudes, but depends upon the assumption

of a maximum spin.



i

Figure I-5. The two coordinate frames commonly used for

decomposing the K7 decay distribution.
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example, the reaction mentioned above can also be regarded
as K.p-rK'-N*+ and N*++ﬂ+n. The choice of which model one
uses must be empirically determined by finding which view
yields the simplest picture of the reaction.

A third, independent choice of variables is that of
the Dalitz plot (see Appendix IX). In this scheme, we choose
the effective mass squared of two different pairs of final
state particles as independent variables. This choice of
variables possesses the advantage of yielding a coordinate
system in which the phase space in a differential
volume is independent of the coordinates (see Appendix IX).
Thus any enhancements in a two dimensional frequency
distribution must arise in a dynamical manner. Note that

since there are only two variables chosen, the dependence

of the amplitude upon two dimensions is being suppressed.
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Chapter II. Experimental Methods and Data Extraction

A. Beam, Bubble Chamber, And Scanning Measuring Projectors

The 72 inch hydrogen bubble chamber at the Lawrence
Radiation Laboratory was exposed in 1964 as part of the K-63
exposure to a beam of 2.0 GeV/c K mesons (Hubbard 1964).
Figure II-1 shows a schematic diagram of the beam line.

The K mesons were separated from the T 's by two electro-
static separators (S1 and S2) and two mass slits. From
measurements and analyses of other event topologies in this
film (Dauber 1966, Trippe 1968), the pion contamination in
the beam is known to be (1.4 % 0.3)% and the momentum spread
is +2%.

The chamber was expanded once per Bevatron cycle.
Flashtubes and a shutterless camera were used to record
three views of each expansion of the chamber on one roll of
46 mm film using the Berkeley film format. Three views are
necessary to avoid ambiguities which arise for some spatial
configurations when only two views are used. 200,000
expansions were recorded on 315 rolls of film with an
average of 7.5 incident K mesons per expansion (determined
by Dauber and Trippe 1965b). This corresponds to a total
track length, in the fiducial volume discussed below in

Section IIFD, of 6.5 events/ubarn.
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Figure II-1. Schematic diagram of the K-63 beam line. The M's are bending magnets, the

Q's are quadrapoles, and the S's are the electrostatic separates.
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Figure II-2 is a photograph of a typical event in the

72 inch chamber of the type:

- _*o
Kp+X "(890) n

5 (1)

K 7
The short horizontal lines numbered 0 through 15 running
down the left hand side of the chamber are called the
"rakes" and are used for visual approximate location of
the events. The "+"'s, positioned at the top glass of the
chamber, and the "*"'s, positioned on the bottom surface of
the chamber, form the fiducial system used for precise
definition of the measurement coordinate system.

The origin of the coordinate system used (see inset in
Figure II-2) lies on the bottom of the chamber between rakes
7 and 8. The y axis increases in the direction of the
incident beam particles and runs the length of the chamber
along the bottom, approximately midway between the sides.
The x axis is in the horizontal plane, transverse to the
beam direction and the z axis is vertical. The azimuthal
angle of a vector is the angle made between the vector's
projection on the xy plane and the x axis. Its dip angle
is the angle between the vector and the xy plane.

Figures II-3 (a-d) display the distributions of x
coordinate, z coordinate, azimuthal angle, and dip angle

projected to y = 0 for the beam tracks of all events
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Figure II-2. The 72" hydrogen bubble chamber.

z
a) the coordinate system of the 72" chambe?

b) photograph of a typical event
in the_72" chamber of the,
type K p »K (890)n - K m n.
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measured in this experiment. The x and z coordinate
distributions give the transverse dimensions of the beam as
it traverses the chamber. The spread in x aids in separa-
ting the interaction points from other beam tracks and
facilitates measurement. The magnetic field is vertical
with such a sign that negative tracks bend right and positive
tracks bend left as viewed on the scanning tables (see

Figure II-2).

Figure II-4a is a scatter plot in x and y of the
interaction points of all events measured in this experiment
and demonstrates the swath of beam as it passes through the
chamber. Figure II-4b is a projection of the y position of
the interaction vertices and displays the "v20% gradual
attenuation of the beam between y = -80 cm and y = 40 cm due
to interactions and decays. The sharp drop in the distri-
bution for y > 40 cm was caused by a reduction in the
fiducial volume. This reduction was artificially imposed
during the ﬁeasuring process.

The semi-automatic image plane digitizers at UCLA
known as Scanning and Measuring Projectors (SMP's) were
used to both scan and measure the events of interest in
the film according to the criteria discussed below in
section II-C. The SMP's (Alvarez 1960, Munson 1963) were
designed and constructed at the Lawrence Radiation Labora-
tory. An on-line IBM 360/40 computer collected, filtered,

and tested the SMP measurements. The need for a fast



Figure II-4. Distribution of event vertices in the chamber.
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digital computer to pre-process the data is due to the
semi-automatic nature of the measuring machines. A SMP
digitizes ~100 points along a track, of which a large
fraction (530—40%) is unrelated to the track being measured.
These data are filtered and averaged to give a maximum of
sixteen pointsper view in the processed output record.

Since the SMP digitizes in the image plane, optical
distortion between the film and image planes is corrected
for by measuring a grid of known dimensions and performing
a least squares polynomial fit to the abberations. The grid,
which is scribed on mylar film, was measured on an accurate
film plane measuring machine in order to determine its true
dimensions. These corrections are applied to the SMP
measurements in real time (i.e., as soon as the track
measurement is completed) by the 360/40 so that the output

record consists of corrected film plane coordinates.
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B. Topologies and Expected Event Frequencies

The purpose of this experiment is to study the reaction:

Kp + K Tn
In a bubble chamber, events of this type with two charged,
outgoing particles appear as "two-prong" interactions as
depicted in Figure II-5. There are several "background"
reactions which also have the two-prong topology, such as
K p>K p, K p>K pn?, and other inelastic channels. Addi-
tional sources of background are reactions which contain a
A° or a K° which decays via a neutral mode in addition to
two charged, outgoing particles. In order to estimate this
latter source of background, a sample of two-prong V events
(where the A° or K® decays via a charged mode) was also
measured. This sample will be discussed in section III-B.
These two topologies which are of interest to this experi-
ment, one which contains the signal and one which contains
the background, are shown in Figure II-5.

In order to estimate the event yield and background
problems of the experiment, we made use of the available
cross-section measurements for the significant reaction
channels in the K—p interaction at the nearby momentum of
1.95 GeV/c (Smith 1965). The cross sections of significance
to this experiment appear in Table II-1. The expected

number of events of each reaction type in the table are



Table II-1. Stable State Cross Sections at 1.95 GeV/c (as determined by Smith 1965).

Expected number of events (in thou-
sands) in this experiment by topology

Final state o (mb) 2 prong 2 prong V 2 prong kink#*
State of interest K 1 n 2.7+.5 16.5 1.2
States with A's mm A 1.47+.09 3.0 6.0
T, X 0.57+.05 142 2.3
m_m An® 2.11%.14 4.3 8.7
m_m, A+nm’® 0.57+.04 1.2 2.3
T 2%4nm®
4.72%.18 9.7 19.3.
States with K's T_pK° 1.89%.12 v 0 3.8
m_pKlm’ .65%,06 2.6 1.3
m_m.K'n «57%.06 3:8 158
T K°n+nn°n21} .03+.01 .4 v2
7 pK’n+nm’ny»2
3.14%£.15 14,5 T2
Other States -
with Protons K_p 7.91%.78 47.6 3.7
K pm° 1.60%.30 9.7 0.7
4.4

9.51+.84 573

_OE_



Table II-1 (cont.)

Other States 3ol 0.17+.02 1.0
L_m, 0.55%.06 (3.4)
=5 0.101+.014 .6
z_mm’ 0.70+.06 4.3
L m_+nm® (n32) 0.20+.05 B
g om_m’ 0.80+.10 (4.9)
z_w++nn°(n>2) 0.42%.10 (2.6)
=K m) .026+.007 .2
= Kym_ .057+.009 3 |
=K T .062+,010 .1 o2 o
X .2 7.6(+9.9) "

*Figures in parentheses are events in which the kink is on the positive track.
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a) two prong b) two prong Vee

Figure II-5. Topologies of interest in this experiment.
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based on these cross sections and the known K track length
in the exposure for the fiducial volume used in our scan

(6.5 events/ubarn; see Section II-C).
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C. Scanning criteria and Fiducial volume

From Table II-1l, it is evident that about five times
as many events have the two-prong topology as are really
K_p+K-w+n. While a large fraction of these events are
kinematically easy to separate, they cause unnecessary
measurement time and waste computer time unless removed
in scanning.

Most of these two prong background events, about 80%,
contain protons which can, under certain circumstances, be
distinguished from nt mesons. The following scanning
criteria were established to reject these events while
eliminating a negligible number of real events:

(i) All events in which the positive track stops within
the chamber were rejected. Such tracks must be protons
since a stopping nt decays via the familiar ﬂ++u+(v)+e+(vv)
seguence. This selection depends upon the scanner's ability

(2)

to determine through the use of stereoscopic superposition

(i)The method of determining whether a track's endpoint
occurs at a surface perpendicular to the camera axis is
accomplished through the small angle stereoscopic nature of
the camera system. The imaces of the fiducial marks in two
separate views are superimposed by simultaneous projection.
If the two images of a track endpoint are then superimposed
as well, then the endpoint lies in the same plane as the

fiducial marks, which are on the upper and lower surfaces.
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whether a track's endpoint lies within the chamber or at the
chamber's top or bottom (which would be the case if the
track left the chamber before stopping).

(ii) To reject protons which leave the chamber a
track bubble density criterion was also employed. This
criterion was extremely delicate since any real events
rejected because of spuriously dark pion tracks could
seriously bias our sample. To be rejected, a positive
track had to be long enough and straight enough to pass
between two parallel lines 13.5 cm long and 0.42 cm apart
(see Figure II-6), and must have less than 1 gap per
centimenter of track (a gap is a break in the line of
bubble formation). The length criterion insured that the
particle had a dip angle less than 45° (since the beam is
about 15 cm from both the top and bottom of the chamber),
the width criteria determined a maximum sagitta and there-
fore a minimum momentum (of 300 MeV/c). At this momentum a
pion is 1.3x minimum ionizing and a proton is 10x. The
density is proportional to the secant of the dip angle and
thus the dip angle can increase the density by a factor
less than 1.4. In order to meet the < 1 gap/cm ionization
criterion, a track must have an apparent ionization of
> 7x. Although our choice may seem too conservative, it
was felt that the critical nature of this selection and

some of the known bad properties of the chamber's track
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Figure II-6.

Template used to reject protons and kinks.
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illumination, made it dangerous to attempt a more stringent
proton exclusion(ii).

In Figure II-7 is plotted the azimuthal angular
distribution of the positive track about the beam direction
for elastic events and for the K_ﬂ+n sample. This distri-
bution should be sensitive to scanning loss biases. The
observed isotropy of this distribution for the K-n+n
(Figure II-7a) events as contrasted to the elastic events
(Figure II-7b) thus implies that the above scanning
selections did not bias our results in this way.

Further scanning criteria were established to eliminate
the events which contain a £ or a = . Since these parti-
cles have a very short lifetime, they decay very close to
the vertex. Thus by demanding that the negative track
should not have a kink (decay) closer than 10 cm from the
vertex, they were virtually all eliminated without re-
jecting a significant number (<1%) of real events in which
the K decays (see Appendix I). 1In addition to causing
extra measuring effort, such events pose an extremely dif-
ficult problem for the kinematics programs if not elimi-

nated. The short tracks always have a poor momentum

measurement, since the error in the momentum is inversely

(tz)The extent to which ionization can be used as an aid
in the resolution of the ambiguities is discussed in

Section III-B.
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Figure II-7. Rotation angle of the positive track about
the beam.
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b) coplanar events (K p + K p elastic).
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proportional to the square of the measured length. Events
with one poorly measured momentum will fit almost any one-
constraint hypothesis, since one poor measurement is
roughly equivalent to losing one constraint.

The scanning fiducial volume(iii) was defined by
instructing the operators to reject any event for which the
vertex falls below a straight line passing through rake 0
or above a line through rake 11. The scanners were in-
structed to perform this test only in view 3, since it is
sometimes dependent upon which stereo view was used. This
did not define a simple fiducial volume in space, but was
easy t