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CHAPTER I
INTRODUCTION

Resonance production and peripheralism (glancing collisions)
are two of the most prominent features of high-energy interactions which
have emerged as a result of intensive study over the last decade. The
list of sub-atomic particles has grown to more than 100.

For quasi-two body reactions models using the idea of one-
particle-exchange have had a large degree of success in explaining the
data. These ideas have been extended into multiperipheral models to
include three or more particles in the final state. It is interesting
to compare these models with the data. This may eventually lead to
better understanding and a complete theory.

This work is an experimental study of the reactions

K°d » Psw’n‘w*h, - (I-1)
K*d » Psw'n'1r+2°, (1-2)
and K'd » Psﬂ-ﬂ-ﬂ+ﬂ°f\ (1-3)

where the K~ has an incident laboratory momentum of (4.910 + 0.007)
GeV/c. The target neutron is in a deuterium nucleus and the symbol Pg
refers to a spectator proton that does not take part in the reaction.
The experimental results are based on data obtained from analysis of

approximately 100,000 pictures taken at Brookhaven National Laboratory.



The details of data collection including scanning and measuring of the
bubble chamber film and geometrical reconstruction and kinematic fitting
are discussed. The details of selecting the events for these reactions
are discussed. Small corrections due to lost vees are given. The
cross-sections and production anqgular distributions for these reactions
and for resonance production in them are given. The data are compared

to two phenomenological Reggeized multiperipheral models.!s?2



CHAPTER I1
DATA COLLECTION
A. Exposing, Scanning and Measuring
Bubble Chamber Film

Our 100,000 triads were obtained by exposing the deuterium
filled 80 inch Brookhaven National Laboratory Bubble Chamber3 to an
electrostatically separated beam of K~ mesons having laboratory momentum
of (4.910 £ .007) GeV/c. The magnetic field of the chamber was 17,000
Gauss. The chamber was viewed by three cameras. Their lenses were at
the corners of a square whose edge was 63.5 cm long. The plane of this
square was parallel to the plane of the bubble chamber window and 206.6
cm from its wet surface.

The film was scanned on all three views. This experiment used
events having a main vertex with a beam track and three or four outgoing
prongs. In order for four-prong events to be accepted, they had to have
a proton that stopped in the bubble chamber, i.e. a spectator proton
candidate (see Chapter III, Section B). In order for the event to be
measured, it had to have an associated vee candidate. By using con-
servation of 1inear momentum a crude check was made at the scanning
table for vee association by demanding that a straight 1ine drawn from
the main vertex through the vee vertex pass within the area defined by
the initial directions of the two tracks comprising the vee. If the vee
failed to meet this criterion in one or more of the three views it was

considered not associated with the main vertex under consideration.



Also, if the scanner was sure that the curvatures and angles of the vee
prongs and conservation of momentum implied that it was not associated,
she discarded it.

The fiducial volume boundaries, as seen by bubble chamber camera
number one, are shown in Figure 1. The main vertex fiducial volume at
the median beam depth is 146 cm long and the additional vee vertex
volume is 7.5 cm long.

Each roll of film was scanned and then twenty per cent of it
was immediately rescanned by another person, who was a very good scanner.
The two scans were then compared by a third person, who was one of our
best workers and acted as an arbiter on the points of disagreement and
as a teacher of the other workers. This method resulted in constant
supervision of our workers and in their being shown mistakes they had
made. If more than about 15 per cent of the events were missed on the
first scan, the roll was rescanned.

Nearly all the measurements were made on image plane digitizers.
These machines projected an image of the 70 millimeter film onto a plane
surface parallel to the film and with a magnification of approximately
ten. There were no mirrors between the film and the image plane. This
provided simplicity of construction and eliminated a possible source of
distortion. Each machine had a target point that was free to move in
the image plane. Its position was determined by rack and pinion gears
or wires, relative encoders, and up-down scalers. The least count of
our most inaccurate machine was about four microns, as seen on the film,
while the inherent accuracy of the bubble chamber system is about seven

microns. The location of a bubble was measured by putting the target



Figure 1.--The fiducial volume boundaries as seen by bubble chamber camera number one.






point beneath its image. The measurement of events was done on line
to an IBM 1800 computer. The measurer positioned the target at about six
approximately equal intervals along the length of a given track. The
coordinates of each point were entered directly into the computer. The
1800 checked that the separation between fiducial marks was correct in
order to see if the worker measured the correct fiducial marks and also
to check the electronics. The on-1ine computer reminded the measurer
to measure all the tracks in all the views. The 1800 was programmed to
check that the points measured for each track lay on a smooth curve.
The data for the completed event were stored on a magnetic disk and
were then punched onto cards at a later convenient time. The data were
then transposed onto magnetic tape by an IBM 1401 computer. This tape
was shipped to the AEC Computing Center at New York University to be
processed by the geometrical reconstruction and kinematical fitting
programs. If an event failed to be reconstructed by the geometry pro-
gram, the event was measured a second time and another attempt was made
at reconstruction. About 96 per cent of the events passed through the
geometry and kinematics programs.
B. Geometrical Reconstruction and
Kinematic Fitting

The geometrical reconstruction and kinematical fitting of the
events were done ona Control Data Corporation 6600 computer at the AEC
Computing Center of New York University using the program package
KGEOM-HKINE-KINC3 which originated at the Rutherford High Energy Labora-
tory. These programs have been described in detail elsewhere* and

therefore we shall only briefly summarize the descriptions.



The purpose of the geometrical reconstruction program HGEOM is
to calculate fhe three-momentum with errors for each track of a given
event and in addition find the space coordinates with errors for all
vertices. A left-handed rectangular coordinate system is used. The
origin is at the center of the wet surface of the bubble chamber window.
The directions of the x- and y-axes are shown in Figure 2 and the z-axis
points into the deuterium. The tracks are reconstructed in three-
dimensions by a two-stage process. In the first stage points in space
on a track are found by the method of corresponding points. Then a
curve which is either a circle, a parabola or a straight line (the
choice depends on the magnitude of the angle through which the track has
turned) is fitted to the x- and y-coordinates of the space points on the
track. The z-coordinates are used to find the dip. In the second stage
a helix fit with a mass-dependent correction for slowing down in the
liquid is made to the rays of the measured points of all three views by
minimizing the sum of the squares of the distances of the rays from the
projection of the helix onto a nominal film plane. From the parameters
of the fitted helix and the scatter of the rays from the projected helix,
the momentum variables with errors for use in the kinematic fitting are
calculated. Both the measurement errors calculated from the helix fit
and the uncertainties caused by multiple Coulomb scattering are included
in the calculation of errors in the momentum variables. The variables
are i1lustrated in Figure 2. The first variable 1s the azimuthal angle
¢ between the x-axis and the perpendicular projection of the momentum
vector into the xy-plane. The second is the dip angle A between the

xy-plane and the momentum vector. The third is the reciprocal of the



Figure 2.--ITlustration of angles ¢ and x used by geometry program.
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momentum, (1/P). These are used because their deviations are approxi-
mately Gaussian. The magnitude of the momentum P (in GeV/c) is found

from the radius of curvature r (in cm) of the helix by

0.3 Br
cos X

x 10 =3 (11-1)

where B is the z-component of the magnetic field in kilogauss.

The measured track variables and their errors given by the
geometrical reconstruction program are then used by the kinematic fit-
ting program HKINE to find fitted track variables and their errors.

This is done by minimizing

x? = Z 7 (11-2)

subject to the constraints of energy and momentum conservation. The

quantity vT is the measured value of a track variable, o, is i1ts error,

i
and vf is its fitted value. The sum is taken over the measured quan-
tities. There are three reasons for doing this. The first is that the
three-momentum vector of an undetected neutral particle, such as the n°
of Reaction (I-3), is determined. The second is that more accurate
values are obtained for the three-momenta of the charged tracks. The

third is that the minimum value of x2 is useful in determining if the

assignment of particle types to the tracks is correct. The particle

types fix the masses and the energies depend on these masses. The decay

A+ Pn” (II-3)

n



has three constraints since the magnitude of the momentum of the A is
not measured. Suppose the A momentum has been determined by fitting to
this decay. Reaction (I-1) has four constraints since there are no un-
detected neutrals, while Reaction (I-3) has only one constraint, since
the =° is not detected. Consider Reaction (I-2) and the subsequent

decay

I° -+ Ay. (11-4)

Since four-momentum is conserved in both the production process and the
decay, there are eight constraint equations. Since neither the L° or y
are detected, six variables are unmeasured. Therefore Reaction (I1-2)
has a two-constraint fit.

Sixty-eight per cent of our events had spectator protons with
such Tow momenta that they could not be seen (see Section B of Chapter
III). For these, HKINE used rectangular components of momentum with
values Py = Py = (0 ¢ 30) MeV/c and P, = (0 * 41) MeV/c.

KINC3 transferred the results of HGEOM and HKINE to magnetic
tapes that were returned to Vanderbilt. These data were then written
on buffered tapes by the Vanderbilt Sigma-7 computer which was the only
machine used subsequently. The information in this buffered binary form
described approximately 17,300 events and comprised 12 magnetic tapes.

A single buffered tape was prepared from these and it contained all
necessary information for subsequent analysis of Reactions (I-1), (I-2),
and (I-3). For a given event the information describing a fit with a
chi-squared probability of greater than one per cent for Reaction (I-1)

or (I-2) was always transcribed. If there was not such a fit to either

12



of these, then the information describing a fit with a probability of
greater than one per cent for Reaction (I-3) was transcribed. Regardless
of whether or not such a fit existed, measured quantities and also fitted
quantities for the vee were still written on this single tape provided
there was a fit to a lambda vee or an anti-lambda vee with a probability
greater than one per cent. (See Section C of Chapter III for the reason
behind our interest in anti-lambda fits.) Events which had no fits

meeting these criteria were passed over.

13



CHAPTER III
EXPERIMENTAL DETAILS

A. Beam Momentum and Magnetic Field

The beam momentum was determined by measuring long beam tracks
on a film plane measuring machine at Oak Ridge National Laboratory. Per-
mission to use the machine was kindly granted by Dr. H. Cohen and Dr. W.
Bugg of Oak Ridge National Laboratory. For an incident track to be
measured as a beam track we required that it travel more than halfway
through the chamber, be parallel to the other beam tracks and have an
interaction. We demanded the interaction in order to avoid possible muon
contamination. The measured beam tracks were processed through HGEOM,
the geometry program. Since momentum and azimuthal angle ¢ will change
for a given beam track as it passes through the chamber these quantities
were calculated for each track at x = 0 in the bubble chamber coordinate
system. The dip angle A (angle with respect to the xy-plane) will re-
main essentially unchanged for a beam track as it passes through the
chamber because to a good approximation the magnetic field only has a z-
component. Histograms showing the A and ¢ distributions were made. Then
appropriate cuts on these quantities were taken to ensure a good beam
sample. The resulting distribution of beam momenta is shown in Figure 3.
We discarded the tracks below 4.760 GeV/c. Based on the remaining 137
tracks we obtained (4.910 + .007) GeV/c for the average beam momentum

at the center of the bubble chamber. As a check on this value an

14
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Figure 3.--Distribution of Measured Beam Momentum.



|41 EVENTS
26 - 3.70° ¢ $54.70

24- ‘L—o.e% x20.1°
¢l
N20-
18- J_
< 64
% 4-

O

S 12

~ 10
i —3 EVENTS

oD

2
6...

>

G4

o —1

|

47 48 49 50
|PBM| GEV/C

16



examination of the distribution of initial state energy minus total
final state measured energy for the four-constraint events K=d +
pgm n~pK° was made and within statistics no bias was observed. >

A check on the value of the magnetic field used in the geometry
program was made by plotting the measured invariant mass distribution
of the K° vee. The mean value obtained for the mass of the K° was con-
sistent with the accepted value thus indicating that the magnetic field

was free of bias.>

B. Spectator Protons

We use the neutron in the deuterium nucleus to study K°N
interactions because the binding energy of the deuteron nucleus is very
small (- 2 MeV) as compared with the energy of the beam (- 5 GeV).
Also the separation of the proton and neutron is sufficiently large so
that corrections for hiding and rescattering are small.®*7 Thus, for
the events under consideration we have made the assumption that the
proton is a spectator to the interaction. Of the events having a lambda
vee fit with a chi-squared probability of greater than one per cent,
67 per cent had spectators with such 1ow momenta that they could not be
detected by the scanners. The distribution of the measured spectator
momenta for the remaining 33 per cent 1s shown in Figure 4. The smooth
curve is the momentum distribution for the proton in the deuterium
nucleus as predicted by the Hulthen wave function 8,2 where we have
normalized to the number of events in the momentum interval [0.125,
0.175] GeV/c. For a spectator momentum of greater than 0,275 GeV/c

there is an excess of events. We interpret this excess as due to a

17
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Figure 4.--Measured spectator momentum distribution for all events
having a lambda fit probability of greater than one per cent. There
are 1246 measured protons with momentum less than 0.500 GeV/c and
2536 unseen protons.
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rescattering off the spectator proton. Therefore we use only those
events having a spectator momentum of less than 0.275 GeV/c for studying
Reactions (I-1), (I-2), and (I-3). When calculating cross-sections we

include a factor of 1.057 to account for this spectator momentum cut.

C. Determining the Events of Each Reaction
1. Vee decision

Vees that looked like definite electron pairs were never classed
as lambdas. Definite electron pairs showed essentially zero opening
angle and the characteristic curling of at least one prong. All other
vees that had a three-constraint lambda fit with a probability greater
than one per cent were called lambdas and only their production vertices
were candidates for Reactions (I-1) through (I-3). This classification
held regardless of whether or not the vee also fit the three-constraint
K° decay. This was done because an actual K® decay has a much smaller
probability of fitting A decay than an actual A decay has of fitting K°
decay.l9 We determined the fraction of A vee fits due to K° decays by in
cluding an anti-lambda among the attempted vee fits. Our beam momentum
is too low for anti-lambda production. There should be no difference in

the distributions of laboratory variabies for the ="

and = resulting fro
R® decay. Thus the real number of K° decays fitting lambda decays should
equal the number of anti-lambda fits. There were 107 vees which had both
a K° fit and an anti-lambda fit of greater than one per cent probability
while 3,779 vees were found which had a lambda fit of greater than one
per cent probability. Therefore we conclude that the K° centamination

in the lambda vee sample is only (3.0 * 0.4) per cent. Demanding a fit

20
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to a production reaction should reduce the K° contamination much further.

A further test of the purity of the lambda vee sample was made
by examining the distribution of the cosine of the decay angle. This is
the angle between the lambda laboratory momentum and the momentum of its
daughter pi-minus, as seen in the hyperon rest system. For a sample of
pure lambdas this distribution should be flat. The proof that this dis-
tribution is flat can be constructed from the conservation of parity
in the production reaction and the fact that the A° has spin 1/2. This
is done in detail in the next subsection for the analogous case of &°
production and decay. The resulting distribution for those lambda vees
belonging to the sample for Reaction (I-3) is shown in Figure 11, It is
indeed seen to be flat except for a small loss due to slow pi-minus
tracks. (This small loss is discussed in Section D of this chapter.)

We thus see that our lambda vee sample was very pure and thus no correc-
tion was needed for contamination.
2. Separating events cf the reactions
KN + 7=n~n*A and KN » n=n-n'tz°

To facilitate the separation we defined a quantity F; where

i goes from 1 through 3 for Reactions (I-1), (I-2) and (I-3) respec-

tively. It is given by
Fi = [(MM5)2 - (M5)21/a(MM4)2, (111-1)
where the MM1 are the measured missing masses defined by
K=d + pgntn-n-(MMj) (I11-2)

for 1 = 1 and 2, while

21



K=d + pgnn™n"A°(MM,) (I11-3)

for § = 3. The M; are the masses of the A°, I°, and 7° respectively.
The a(MM;)2 are the errors in (MM;)2 . The quantity F; is the deviation
of the missing mass squared from its expected value and its units are
standard deviations. If there were no contamination, the distribution
of F; would be Gaussian.

An event was considered as unambiguously fitting Reaction (I-1)
if the chi-squared probability for this main vertex fit was greater than
one per cent, F1 was less than 2.0, and either the probability of the
two-constraint fit to Reaction (I-2) was less than one per cent or |F2|
was greater than 2.0.

For purposes of distinguishing Reactions (I-1) and I-2) an
event was designated as unambiquously fitting this second reaction if
the probability for 1ts two-constraint fit was greater than one per

cent, |F2| was less than 2.0, the ratio of the probability of the two-

22

constraint fit for Reaction (I-2) to the probability of the one-constraint

fit to Reaction (I-3) was greater than 0.5 and either the probability of

the fit for Reaction (I-1) was less than one per cent or F, was greater

than 2.0. [This criterion for the ratio of the chi-squared probabilities

for Reactions (I-2) and (I-3) is discussed at the end of this section.]
An event was designated as ambiguous between Reactions (I-1) and
(1-2) if the probabilities for both fits were greater than one per cent,
F, was less than 2.0, |F,| was less than 2.0, and the ratio of the prob-
ability of the fit for Reaction (I-2) to the probability of the fit for

Reaction (I-3) was greater than 0.5. The distribution of the baryon
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missing mass squared for these events is shown in Figure 5. There is no
clean peak at either the lambda or sigma position. This implies that
these ambiguous events are of both types.

To formulate a criterion for separating these events, we used the
I° decay angular distribution. Parity conservation in the strong inter-
action guarantees that the sigma-zero can have no polarization along its
direction of motion. If we take the axis of quantization of the spin of
the sigma-zero to be its direction of motion, then half of the sigmas
have a component of spin along this axis of +1/2 and the other half of
the sigmas have a component of spin along this axis of -1/2. Thus the
angular distribution for the sigmas is symmetric with respect to a plane
perpendicular to the direction of motion. This means the angular dis-
tribution my be described by even powers of cos 6 where & is the angle
between the momentum vector of one of the decay products, as seen in the
L° rest system, and the direction of motion of the sigma in the labora-
tory. However, the highest power of cos 6 which enters into the descrip-
tion of the angular distribution is 2J where J is the total angular mo-
mentum of the system.! For the sigma this means the highest power of cos
8 1s 1. Since only even powers of cos 8 enter this angular distribution,
the only contribution is from the zero-order term. Therefore the decay
£° + A°y has a flat distribution in cos 6. We transformed from the
laboratory to the sigma-zero rest frame remembering the direction of
travel of this sigma. We then calculated the cosine of the angle be-
tween the direction of travel of the lambda presumed to result from the
decay, and the direction of travel of the sigma-zero. If the sample of
events were purely due to Reaction (I-2), this cosine distribution

should be flat as evidenced by Figure 6(A) where only events which were



I(h‘gurie 5.--Distribution of baryon missing mass squared for events ambiguous between Reactions (I-1) and
I-z .
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Figure 6.--Distribution of cosine of angle between A and £° direction
in 1° rest frame for (A) unambiguous £°, (B) ambiguous A/I° called :°,
(c) ambiguous A/Z° called A.
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unambiguous fits to Reaction (I-2) were plotted. If the sample were
purely due to Reaction (I-1) the distribution should be peaked in the
direction of travel of the sigma-zero since we would expect a false
sigma-zero momentum to be in the same direction as the true lambda momen-
tum. Figure 6(B) shows this distribution for events ambiquous between
Reactions (I-1) and (I-2) where the ratio of the probability of the fit
of Reaction (I-1) to that of Reaction (I-2) 1ies between 0.0 and 0.5.
This distribution is consistent with being flat and on this basis the
events in Figure 6(B) were included in the sample for Reaction (I-2).
Figure 6(C) shows this distribution for events ambiquous between Reac-
tions (I-1) and (I-2) where this ratio of chi-squared probabilities is
greater than 0.5. A definite forward peak is observed as would be ex-
pected if the sample of events were from the final state n~n~n*A°. On
this basis we chose 0.5 as the dividing 1ine between these reactions for
the ambigquous events.

The distribution of the baryon missing mass squared for the 424
events used in subsequent analysis of the final state m~n~ntA® is
shown in Figure 7. It is approximately symmetric about the lambda posi-
tion and peaks at this point. In fact, 201 of the events are below the
lambda mass squared and 223 are above it. This is further justification
of our criterion for distinguishing between these two reactions.

The distribution of F,, the deviation of the missing mass
squared, for the final state n-m-n*1° measured in standard deviations, is
shown in Figure 8(A) for the events of Reaction (I-2), except no cut on
F, was taken. The smooth curve is a Gaussian normalized to the number
of events in the interval from -0.9 to 0.9. When the problem of con-

tamination from Reaction (I-3) to Reaction (I-2) was ignored, it
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Figu;e 7.-=-Distribution of baryon missing mass squared for Reaction
(1-1).
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3

Figure 8.--(A) Distribution of the deviation of the missing mass
squared, F,, for events having fit probabilities as follows:

Reaction (I-2) > one per cent,

[Reaction 51-2)/React10n (1-3)] > 0.5, and

[Reaction (I-2)/Reaction (I-1)] > 2.0.
(B) Distribution of baryon (MM)2 for events in (A) having |F,| < 2.0.
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was found that this distribution had an excess of events for 0.0 < F, <
2.0. When we required the ratio of the probability for a two-constraint
Reaction (I-2) fit to the probability for a one-constraint Reaction (I-3)
fit to be greater than 0.5, this distribution became more nearly Gaus-
sian. We demanded that |F,| be less than 2.0 to cut out the excess
events in the tail. Figure 8(B) shows the distribution for the baryon
missing mass squared that results. This distribution is approximately
symmetric about the position of the sigma-zero. In fact there are 79
events on the low side and 99 on the high side. These 178 events were

used for subsequent analysis of the final state n~=-n'z°.

3. The reaction K™N + n=n=ntn°p°

An event was included in the sample for Reaction (I-3) if it was
not included in the sample of Reaction (I-1) or (I-2), the probability
of its one-constraint fit to Reaction (I-3) was greater than one per
cent and F, was less than 1.25. Figure 9 shows the distribution of Fy
for events meeting these criteria except no restriction was imposed on
F, itself. The smooth curve is a Gaussian normalized to the number of
events having Fy less than 0.0. The cut was taken at 1.25 to avoid the
contamination contained in the upper tail. Fiqure 10 shows the distri-
bution of the square of the missing boson mass minus the square of the
pi-zero mass for all events not included in the sample of Reaction (I-1)
and (I-2). A peak corresponding to Reaction (I-3) is clearly visible.
The shaded portion corresponds to the 1,207 events with F, less than
1.25. These events were used for subsequent analysis of the final state

a=n-ntn®A°.
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Figure 9.--Distribution of F3 for all events not taken as Reaction
(1-1) or (I-2) but having fit probability for Reaction (I-3) greater
than one per cent. The smooth curve is a Gaussian normalized to the
644 events having F, < 0.0.
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Figure 10.--Distribution of missing boson mass squared minus =° mass squared for all events not
included in Reaction (I-1) or (I-2). Shaded portion corresponds to events included in Reaction

(I-3). Cross-hatched portion corresponds to events having a fit probability to Reaction (I-3)
of greater than one per cent and F; greater than 1.25.
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D. Small Corrections for Lost Vees
1. Vees lost out end of bubble chamber

Let P for a given event be the probability, averaged over the
beam track's potential path, that the vee decays inside the fiducial
volume.

To correct for vees which passed out the end of the fiducial
volume before decaying and therefore were not in our sample, we gave
each event a weight of 1/P. This probability is given hy12

exp [- _(_L_"_Fl] [1 - exp (-L(% - ]S e—)n

o] [t

L = 146 cm is the length in the bubble chamber (along the x-

where

direction) of the fiducial volume used for detecting both
the main vertex of an event and the associated vee vertex,

G = 532 c¢cm is the interaction mean free path for the K= beam in
deuterium,

F =17.5cmis an additional length along the x-direction in the
bubble chamber immediately beyond L and used only for de-
tecting vees,

cos 6 = x-component of momentum of vee divided by magnitude of
its total momentum, and

2 = vee decay mean free path.

When this correction is included the number of events in Reac-

tions (I-1), (I-2) and (I-3) are increased by 5.4, 4.5 and 4.6 per cent

38



respectively.

2. Vees lost due to slow pi-minus

We transformed from the laboratory system to the rest system of
the lambda and computed the cosine of the angle between the momentum
there of the pi-minus (resulting from the lambda decay) and the labora-
tory direction of travel of the lambda itself. For an unbiased sample
of lambda's this distribution should be flat. The resulting distribu-
tion for the events!3 of Reaction (1-3) is shown in Figure 11 with
various cuts taken on the lambda laboratory momentum. For the events
having a 1ambda with momentum less than 1.0 GeV/c a depletion in this
distribution is observed for the backward direction. The momentum dis-
tribution for the lambdas corresponding to Reaction (I-3) is shown in
Figure 12. From this distribution we obtain a median value for the
lambda momentum of approximately 0.74 GeV/c for those lambdas having a
momentum less than 1.0 GeV/c. Then if the pi-minus from the decay comes
off with a decay angle cosine of -0.9 it will have a median laboratory
momentum of approximately 0.043 GeV/c and a corresponding range in
deuterium of about 2 cm. These were not included in our sample because
of the difficulty of measuring their momenta from the curvature of the
tracks. To correct for this loss the weight given to an event was
mulitiplied by a factor of 1.11 if the momentum was less than 0.8 GeV/c
or by a factor of 1.04 if it was between 0.8 and 1.0 GeV/c. If it was
greater than 1.0 GeV/c the weight was not changed. A similar study was
made of this distribution for the events of Reactions (I-1) and (I-2)

and similar results were obtained. Since the statistics are best for

39
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Figure 11.--Distribution of the cosine of the angle between the =~
momentum and A direction in the A rest system for the events in
Reaction (I-3) for various A momenta.
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Fiqure 12.--Distribution of lambda laboratory momentum for the events
of Reaction (I-3).
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Reaction (I1-3) the correction factors obtained for it were also used

for Reactions (I-1) and (I-2).

3. Vees lost near main vertex
The decay of the lambda follows an exponential function with a
mean life v of 2.51 x 10-10 seconds. For a lambda measured in the bub-
ble chamber the time t (in seconds) it lived in its own rest frame

before decaying is given by

t = (LM)/PC, (I111-5)
where
L = distance traveled in the laboratory in cm,
P = laboratory momentum in GeV/c,
C = speed of light in cm/sec, and
M = rest mass of lambda in GeV/c2.

For an unbiased sample of lambdas plotting frequency versus the expo-

nential function e-t/t gives a flat distribution. This is easy to see.

If N; Tambdas are present at time zero then the number of lambdas present

at any later time t is given by
Ne = Np e~t/t, (111-6)

The number of lambdas N which decay in an interval between t1 and t2 is

given by
No= Np(e BT L et/ (111-7)

We thus see that taking equal intervals in the difference of the

a4



exponentials gives a flat distribution in frequency. Figures 13 and 14
show such distributions for the observed lambdas belonging to Reaction
(1-3). Various cuts have been made on the momenta of the lambdas. A
depletion is evident in the region near 1.0. This corresponds to vees
decaying very close to the main vertex. Presumably the scanners have
misinterpreted such events as 5- or 6-pronged events instead of correctly
interpreting them as 3- or 4-pronged events with a vee. To correct for
this loss the weight for each event was multiplied by a factor depending
on the momentum of its lambda. If this momentum was

(1) Less than 1.2 GeV/c the weight was multiplied by 1.09;

(2) Between 1.2 and 1.6 GeV/c the weight was multiplied by 1.067;

(3) Between 1.6 and 2.2 GeV/c the weight was multiplied by 1.05;

and

(4) Greater than 2.2 GeV/c the weight was multiplied by 1.025.
A similar study was made of this distribution for the events of Reac-
tions (I-1) and (I-2) and similar results were obtained. Since the
statistics are best for Reaction (I-3) the correction factors obtained
for it were also used for Reactions (I-1) and (I-2).

The effect of making the corrections for the slow pi-minus in
the lambda decay and the vees lost near the main vertex is to multiply
the total number of events in Reactions (I-1), (I-2) and (I-3) by 1.07,
1.08 and 1.07 respectively. When these corrections and also the correc-
tion due to lambdas lost out the end of the bubble chamber are included,
the number of events increases from 424 to 479 for Reaction (I-1), from
178 to 201 for Reaction (I-2) and from 1,207 to 1,350 for Reaction (I-3).

The distributions displayed up to this point have all used a weight of
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Figure 13.--Distribution of probability that lambda would go as far
as it did or farther for Reaction (I-3) for various intervals of
lambda laboratory momentum.
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Figure 14.--For Reaction (I-3) the distribution of probability that
lambda would go as far as it did or farther for all values of lambda

laboratory momentum and for values greater than 2.2 GeV/c.
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1.0 for each event. A1l subsequent distributions and analyses will

include the corrections for lost events.
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CHAPTER IV
MODELS
A. The Multiperipheral Model of Chan,
Loskiewicz and Allison
Chan, Loskiewicz and Allison (hereafter referred to as CLA) have

proposed a phenomenological Reggeized multiperipheral model for inelastic

processes at high energy of the type
A+B+1+2+3+ e +n, (Iv-1)

A multiperipheral diagram for this process is given in Figure 15. In
this model the square of the overall amplitude, |A|2, is taken as an in-
coherent sum of the amplitudes, Ap, for the individual diagrams which
describe the process. The amplitude, Ap, for a particular diagram is
taken as a product of factors, A;, where each A; corresponds to a
specific exchange and of course also depends on the vertices above and

below it. The form prescribed by CLA for A; is

g,S! + ca S'+a°‘1(°) S! 4 b,y b
As = i i i i y

1 S! +a a b. (1v-2)

i i

where
Sy = (Py + Py )2, (1v-3)
! 5 - 2

S1 S1 (mi + mi+1) , (1v-4)
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Figure 15.--The multiperipheral graph for the collision process
A+B-+1+2+3+ sec +n,
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Ps:

j 1s the four-momentum of the ith external particle,

m; is the mass of ith external particle,

¢ is a constant giving the size of the contribution for smail S%, and

a is a constant setting the energy scale.
The by are parameters describing the exponential t-dependence of the
vertices. They have three values. COne is for an external vertex with
the incident beam meson, one for an external vertex with the target
nucleon, and one is for all internal vertices. The quantity gy plays the
role of a coupling constant, aj(0) is the intercept of the Regge trajec-
tory being exchanged, and ty is the four-momentum transfer squared between
the two adjacent external particles. For the parameters we have used

the following values:

c 1.4,

a 1.0 GevZ2,

o
b
u

2.0 GeVZ? for the external vertex with the beam meson,

1.0 GeVZ for the external vertex with the target nucleon,

o
-
n

2.4 GeVZ for all internal vertices,

o
-
[}

1.3 for the exchange of the nucleon Regge trajectory, and

Q
-
]

g 1.0 for the exchange of a meson Regge trajectory.

For the intercepts a;(0) of the Regge trajectories we have used -0.35
and 0.30 for the nucleon and strange meson respectively. These are the
values of the parameters used by CLA except we have doubled the values
for the three by in order to get better agreement with our data. (This
is discussed in Chapter V.)

Then

Ap =TT Ay (1v-5)



[A]2 = 3 [Apl2. (1v-6)
D

The expression for A; is designed to interpolate smoothly between
pure phase space for small S; and a Reqgeized form of the amplitude for
large S%. Thus A; is constructed such that as S; goes to zero, A1 qoes
to c, a constant, and as S; becomes large, Aj takes on a Reggeized form
with exponential approximations to the vertices and linear approxima-
tions to the trajectories. A1l trajectories are assumed to have a slope

of 1 (GeV/c)~2%. For

but for
5;) @1(0)+ti (an Bt
N T b e V. (1v-8)°

We observed single resonance production, but this form of the
CLA amplitude does not describe resonance production. We included
resonances by using the straightforward method of Bassompierre et al.l“
In this case one considers one of the external lines of the graph in
Figure 15 to be the system of resonating particles when calculating
the square of the diagram's amplitude. One also multiplies by the ap-

propriate Breit-Wigner function!3S of the form
Wa(mg) =(r./2n)/[(my -E.)2 + 1 2/4], (1v-9)

where
r. is the resonance width,

Er 1s the central value of the resonance mass,



m; is the particles' effective mass, and the

i

subscript r labels the resonance, e.g. Y*=(1385).
The relative amount of each resonance observed in the data was repro-
duced by multiplying the amplitude squared for each diagram by an
appropriate weight, fp.

A Monte Carlo program!® was used to generate events which were
distributed according to pure phase space and the CLA model results
were calculated using these events. To avoid calculating large numbers
of Monte Carlo events which corresponded to sparsely populated regions
of phase space, we constructed in an ad hoc fashion a density function
that very crudely described the observed amounts of resonance production
and the observed single particle momentum transfer distributions. This
function was normalized such that its range of values was in the interval
from zero to one. It was calculated for each Monte Carlo event. If the
event was in a densely populated region, the function would have a value
near 1.0. If the event was in a sparsely populated region, the function
would have a value near 0.0. The value of the function was then compared
with a random number whose value was in the interval from zero to one.
If the random number was greater than the value of the function, the
Monte Carlo event was given a weight of zero and was not used for com-
puting with the CLA model. If the random number was less than the
function, the Monte Carlo event was given a weight () equal to the inverse
of this dénsity function and the event was used in the calculation. For
a given Monte Carlo event of non-zero weight, the total weight P after

being operated on by the CLA model was
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P = Q[ZIA[)I2 + ZfrZMDrlz“r] (1v-10)
D r D

where the sums are over diagrams and resonances. The square brackets
contain the CLA amplitude squared modified to include the amounts of
observed resonance production. If it had been set equal to a constant,
pure phase space would have been reproduced. We state this to emphasize
that the factor Q is only used to save computer time and not to describe
the dynamics. For ease of comparison with our data, the total weight of
the Monte Carlo events was normalized to our number of physical events.

A sufficient number of Monte Carlo events was used so that the
statistical error associated with a comparison of our data with the model
was essentially set by our number of bubble chamber events. The factor
by which the Monte Carlo calculation increased this error for the Kth

reaction is given by

MDdZ + sz

Dy ) (Iv-11)

EK=
where Dy is the fractional errer in the physical data and is taken as the
inverse of the square root of the number of events. The quantity

0 Yz(P4)2
I o ————— (Iv-12)

£P1
and is the fractional error in the Monte Carlo calculation where P;
is the weight for the ith Monte Carlo event as given by Equation (IV-10)

and the sums are over the employed Monte Carlo events. For Reaction
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(I-1) we generated 240,000 Monte Carlo events and about 9,100 of these
had a non-zero weight. The quantity Dy = 0.0267 giving E, = 1.14. For
Reaction (I-2) we began with 70,000 Monte Carlo events and about 8,800
of these were used in the CLA model calculation. This Dy = 0.0181 giving
E, = 1.03. For Reaction (I-3) we generated 240,000 Monte Carlo events
and about 7,200 of these had non-zero weight. We obtained D, = 0.0175
giving E3 = 1.17.
B. The Veneziano-Type Multiperipheral
Model of Plahte and Roberts

Since the CLA model did not predict the amounts of two-particle
resonance production or the phase of the amplitude, Plahte and Roberts
suggested a modification to specify both of these.?2 They proposed that
the A1 describing a specific exchange, its adjacent vertices, and adja-

cent external lines for the multiperipheral graph in Figure 15 have the

form
st + | (0151 4.\ B
A; = Qi - T Fs J
i =09 o by i (1v-13)

where g , S% " ti' ui(o), bi' and a were defined previously. The factors

multiplying F describe the t channel exchange and were adopted from the
CLA model. Our calculations were carried out using the exchanae of the
K*(890), K*(1420), and nucleon trajectories, The factor

(Iv-14)

[+ cos w(ag - 0d)][.;
Fij = [ sin “(“s fﬁ°s) J[fln n(at - atﬂ + 1 + cos n(at = qt) ,




where a_ = a(Sy) and ay = a(ty) are the Regge trajectories for the S,
and t; channels. Similarly o is the spin for the lowest resonance on
the Regge trajectory corresponding to the S channel and oy is the spin
for the lowest resonance on the Regge trajectory corresponding to the
t channel.

This factor F describes resonance production and was adopted by
Plahte and Roberts from a factor contained in Veneziano's amplitude for
™ O+ Tw. As the Regge trajectory ag passes through a narrow resonance
F becomes very large and the corresponding amplitude is large for the
resonance region. If the imaginary part of o is an increasing function
of Sy, then as 51 becomes large the expression for F becomes the Regge

phase factor 1 + EXP[-in(at - 0¢)]. For the imaginary part of Tag

Plahte and Roberts suggest
Sl
M(rag) = H In(1 + ?}9 (1v-15)

where the parameter H is chosen so that the correct width is obtained
for the lowest resonance of the trajectory. Our calculations were
carried out using the p(765) and f(1260) trajectories in the S channel
for Reactions (I-1), (I-2), and (I-3). For Reactions (I-1) and (I-3) we
also used the Y*(1385) trajectory in the S channel. For Reaction (I-2)
we replaced the factor F by 1 + EXP[-in(at - ot)] for the baryon S
channel cases because the Y*(1385) branching ratio to In is only about
ten per cent and we in fact detected no hyperon resonance production in
‘the »=n~x7Z° final state. These trajectories were taken to be linear.

For the p(765), f(1260), and Y*(1385) respectively, we used 0.50, 0.50,

59



and -.2417 for the intercepts; .854, .939, and .908 (GeV)~2 for the
slopes; and .619, .560, and .500 for H. The slopes for these meson tra-
jectories were determined from the standard intercept of 0.50 and the
mass squared of the lowest resonance. The slope and intercept of the
Y*(1385) trajectory was determined from the square of the masses of the
Y*(1385) and its first Regge recurrence, the Y*(2030).

Since we wanted to see if the Plahte and Roberts model would
correctly predict the relative amounts of resonance production, we in-
cluded the effect of isospin Clebsch-Gordan coefficients. Figure 16(A)
shows a typical diagram. Figure 16(B) illustrates our method and each
vertex there is labeled by i1ts Clebsch-Gordan coefficient. We took iso-
spin into account in an approximate manner by multiplying the Plahte and

Roberts amplitude by the factor

Cp = calcblcazcbzcaacba' (1V-16)

As in the case of the CLA model, the Monte Carlo events of non-
zero weight Q were used when calculating with this model. The weight P

for a given Monte Carlo event was

P = Q| CpAy 2 (IV-17)
D

where Ap = 7A;. The sum is over the diagrams and the product is over
i

the exchanges of a given diagram. The total weight of all the Monte
Carlo events was normalized to our number of physical events.
The Plahte and Roberts model can only describe the production

of two particle resonances. We observe in Reaction (I-3) the w°(784)
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Figure 16.--(A) A typical diagram.

(B) Method of including Clebsch-Gordan coefficients.
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resonance which decays into three particles. We took the w°(784) into
account by adding the CLA amplitude for its production 1n¢oherent1y to
the Plahte and Roberts amplitude. As in the case of the CLA model,

we calculated Ey as defined by Equation (IV-11) for our work with this
model of Plahte and Roberts. For this model and using the same Monte
Carlo events of non-zero weight as for the CLA model, we obtained for
Reaction (I-1) Dy = 0.045, giving €, = 1.32. For Reaction (I-2) we
obtained Dy = 0.026, giving E, = 1.06. For Reaction (I-3) we obtained
D = 0.084, giving E, = 3.09. The disagreement between this model and
the data of this third reaction was so great that there was no point in

doing a statistically better calculation. (See Chapter V.)
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CHAPTER V
DATA AND RESULTS OF THE CLA CALCULATIONS

Resonances were included in the CLA calculations for two rea-
sons. When we determined the amount of production of a given resonance
by using the appropriate mass plot, we wanted the CLA model to include
the effect of other resonances in its description of the background.

We wished to take into account the fact that the presence of low mass
resonances effectively reduces the multiplicity of a reaction and thus
causes it to be more peripheral.l

As an example of how the CLA model calculations were carried out
we show in Figure 17 the 13 diagrams which were used for Reaction (I-1).
Four of them are non-resonant and the remaining nine correspond to
resonances observed in the data. Ten diagrams were calculated for Reac-
tion (I-2). They can be obtained from those of Reaction (I-1) by re-
placing the A by a £° and discarding those with Y*(1385). Seventy-eight
diagrams were calculated for Reaction (I-3). These included all the
possible combinations with a »°® appearing at any outgoing position on
the diagrams and also all the single resonance diagrams containing
y*£0(1385), p*%(765), and w°(784) production. The production of f°(1260)
in Reaction (I-1) and B™(1235) and £°(1750) in Reaction (I-3) were not
included, but they accounted for only 14, 5, and 6 per cent of the events
respectively. The amount of w°(784) was adjusted to include both direct

production and that resulting from B=(1235) decay.
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Figure 17.--The thirteen diagrams which were calculated for Reaction
(I-1) using the CLA model.
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For Reactions (I-1) to (I-3) the outgoing signed charges must
alternate in sign as we go down a diagram, i.e. the top and bottom out-
going signed charge must be negative. This is a consequence of only
allowing isospin 1/2 strange meson and nucleon trajectory exchanges.
Strange mesons with isospin > 1 have not been observed. We ignore pos-
sible A(1236) trajectory exchange because its coupling is known to be

weaker than the nucleon's.l?

A. Resonance Production

The first step in determining the amount of each resonance
present in the data was to compare the effective mass distributions
with the prediction of pure Lorentz invariant phase space in the reso-
nance region. The estimates thus obtained were first approximations
and were used as input to the CLA model. The weighting factor for each
resonance included in the CLA model was then adjusted until it gave the
final value of the amount of observed resonance to within about one
standard deviation. Final adjustments were carried out by hand. If

the background on either side of the resonance region disagreed with

the model prediction by between about two and three standard deviations,
we took an average between the model and an adjusted curve to obtain the

background, and increased the error estimate. In the case of the «° the

background was estimated from a straight line connecting the mass dis-
tributions above and below the resonance region because the CLA model

disagreed with the data by about 3.5 standard deviations on the high

mass side.

Each resonance region was approximately centered on the resonant

mass. In all but two cases our mass resolution was much smaller than
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the natural line width and thus the resonance region was taken as about
2r wide. (The quantity r is the full width at half height.) For the «°,
r is only 12 MeV/c2?, but our mass resolution is +33 MeV/c2. In this

case we used a band 100 MeV/c2 wide. For the Y*°(1385), I = 36 MeV/c2,
our mass resolution is also 236 MeV/c2, and we used a band 150 MeV/c?
wide.

These cross-sections for resonance production will be presented
in Tables 1 and 2.

In examining the effective mass distributions for all the possi-
ble particle combinations of Reaction (I-1) two of the most prominent
features are the peaks due to the well known resonance Y*(1385) appear-
ing in the An~ and Av* mass distributions. These distributions are given
in Figure 18. The distributions of the cosines of the production angles
of the A°r= and A°r* as seen in the K°N center of mass (CM) system are
given in Figure 19. We measured all production angles with respect to
the K*. The cross-hatched portion represents those events in the region
of the Y*(1385). Qualitatively the CLA model agrees with the data.

The existence of a hyperon resonance whose mass is in the region
from about 1620 to 1640 MeV/c? is a question of interest associated with
the An® mass spectra of Reaction (I-1). Evidence supporting such a reso-
nance was first reported by a Brookhaven National Laboratory (BNL)

group'® in the reaction

KN + Y*2(1619)n n~

Ant

(v-1)
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Figure 18.--For the reaction K-N -+ n==n=n*A [Reaction (I-1)]with 479
events (A) gives the effective mass distributions for the particle
combinations A°r~ [hereafter denoted as the distribution of M(Ar")],
and (B) distribution of M(Ar*). The smooth curves on these and all
subsequent graphs (unless otherwise indicated) are the results of the
CLA model normalized to the data.
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Figure 19.--Center of mass production cosine distribution of Reaction
(1-1) for the particle combinations (A) An~ where cross-hatched portion
corresponds to 137 combinations obtained by demanding M(Ar~) in the
mass interval [1.342, 1.442] GeV/c?. If both possible combinations
had masses in the interval of interest we plotted only the combination
having the mass closer to the resonance of interest [in this case the
Yy*=(1385)]. Unless otherwise indicated this procedure will be adhered
to in subsequent graphs where mass cuts are made and an ambiguity
exists between n~ combinations. (B) An* where cross-hatched portion
corresponds to 78 combinations obtained by demanding M(Ar*) in the
mass interval [1.342, 1.442] GeV/c2.
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at a laboratory beam momentum of 3.9 GeV/c. At the Lund Conference!®
more evidence in support of its existence was presented by the same group
based on the same reaction but with approximately four times as much
data. Their final sensitivity was 16 events per ubarn. They reported a
mass of (1619 + 8) MeV/c2 and a width of (72 t %g) MeV/c2. At the same
conference the results of the SABRE20 collaboration were presented on
the same reaction at 3.0 GeV/c in which no evidence for the existence of
this resonance was observed. Recently a Purdue group has presented con-
firmatory evidence for this resonance based on the same reaction at an
incident laboratory momentum of 4.5 GeV/c.2! They reported a mass of
(1642 + 12) MeV/c? and a width of (55 + 24) MeV/c2. In addition they
reported that it is observed to be produced with a cross-section of
(18 + 3) pbarns. Their exposure sensitivity is five events per ubarn.
The weighted average of the two reports of this possible resonance qgives
a mass of (1.626 + .007) GeV/c2 and a width of (0.066 *+ 0.014) GeV/c2.
In subsequent discussion we shall refer to this possible resonance as
Y*%(1626).

To obtain an estimate of how the cross-section for Y**(1626)
production might possibly change as the beam momentum changes, we have

made use of the CLA model to compute the unnormalized average squared

matrix element, |[T;¢|2. Then the unnormalized cross-section op s
given by 22
1 Jr 2
o, = —— [T d(ps) (v-2)
el BUTL

where



74

P = the beam laboratory momentum,
M = mass of the target neutron and

d(ps) = an infinitesimal element of Lorentz-invariant phase space.

The expression

f”if'zd(PS) (v-3)

may be rewritten as

Tl [ ates) (V-4)

and then the integral represents the phase space available for the

reaction. We have computed o, for the reactions K°N -+ Y*;(1385)wtﬂ'

P
and K°N -+ Y*;(1626)w*w‘ for incident beam momenta of 3.9, 4.5, 4.9 and
5.5 GeV/c. We normalized the results to the measured values at 4.5 GeV/c
and have plotted the results in Figure 20 as a hand-drawn smooth curve
through each set of four points. We have also plotted in Figure 20 the
cross-sections based on the experimental data. We obtained the values

at 3.9 GeV/c by counting the A°r* mass combinations in the regions of
interest as shown in the BNL paperld and using a hand-drawn smooth curve
as background. The value at 4.5 GeV/c for the Y**(1626) was taken as
quoted by Purdue.2! The value at 4.5 GeV/c for the Y**(1385) was ob-
tained from the Purdue paper?! by counting the A°x* mass combinations in
the region of interest and using as background the phase space curves
which were published on the plots. The value of the cross-section for
y*£(1385) at our beam momentum was obtained by the method described at

the beginning of this section. To estimate the cross-section for the
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Figure 20.--Cross-section versus beam momentum as predicted by CLA
model for Y**(1385) and Y**(1626). Curves are normalized to the Purdue

data at 4.5 GeV/c.
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possible Y*£(1626) present in our data we tried two different methods of
estimating the background in the region of interest. If we use the CLA
model for the background in the mass region [1.555, 1.705] GeV/c? we
expect 199 A°x mass combinations. In the experimental data we find 217
combinations in this mass region thus giving a 1.3 standard deviation
excess. We have also used the data on either side of the mass region of
interest as an estimate of the background. Using the number of A°n*
mass combinations in the intervals [1.455, 1.555] and [1.705, 1.805]
GeV/c? and a linear interpolation we expect (188 + 18) mass combinations
in the interval [1.555, 1.705] GeV/c2. Thus the data gives a 1.5 stand-
ard deviation excess. Based on these results we can not confirm the
existence of this resonance. We used the number of excess events as
determined by this second method to obtain the cross-section (14 ¢ 9)
ubarns for Y**(1626) at our beam momentum as shown in Figure 20. This
figure shows that the CLA model gives the correct energy dependence for
Y**(1385) production. It also shows that this model for Y*(1626) and
the results of BNL, Purdue, and ourselves are consistent. Therefore,
although we can not confirm its existence, our data are consistent with
the results of workers reporting this resonance.

We have also looked for this resonance in our data in a slightly
different manner by using the BNL criteria for dincluding events in the
sample for Reaction (I-1). When the Ar mass distribution was examined
for the sample thus obtained we saw no increase in the significance of a
possibie signal in the region of the Y**(1626).

We used a method of the BNL group to try to reduce the back-
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ground due to Y**(1385) and p°(765). The resulting An* mass distributions



are shown in Figure 21. The BNL criteria are:
“(a) If one Ar combination is in the Yl*(1385) region (1390 +
40 MeV) we plot only that particular combination and no
other. If more than one is in this nf region we weight

them appropriately.

(b) If the ";(b) n* system forms a peripheral p (with mass
760 + 60 MeV and AZK_ v oo € 1.2 GeVZ), we do not plot the
At or An- combination."
a(b)

When plotted in this manner we still cannot detect the presence of

Y*%(1626) in our data.

Figure 22(B) shows the n~n* mass distribution for Reaction (I-1).

A strong p°(765) resonance signal is evident. Figure 22(A) shows the
corresponding CM production angular distribution with the cross-hatched
region corresponding to a cut on the p°(765) mass region.

In addition to the p°(765), when one examines the n~n* mass dis-
tribution versus the CLA model, there is an indication of some f°(1260).
This resonance was not included in the model. The amount of f°(1260)
present was found by using the CLA model as an estimate of the back-
ground. To make sure that leaving the f°(1260) out of the CLA model did
not affect our conclusions, we removed the events in its mass region
from our mass plots and found that this made no significant changes in
our conclusions.

In the reaction KN + n~n~x*z°, Reaction (I-2), we have detected
only one resonance, the p°(765). It appears in the distribution of the
invariant mass M(n~x*) given in Figure 23(B). The corresponding CM

production angular distribution is given in Figure 23(A). The cross
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Figure 21.--Mass distributions for Reaction (I-1) when we attempted to
reduce background by using BNL criterial® for (A) M(Ant), (B) M(An")
with 518 combinations, and (C) M(An*) with 246 combinations.
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Figure 22.--For Reaction (I-1) (A) =~n* center of mass production
angular distribution where cross-hatched region corresponds to 245
conbinations hav1ng M(r=n*) in the mass interval [0.667, 0.867]
GeV/c2. (B) M(n-n?%) d1str1but'lon.
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Figure 23.--K°N + 7~ n"#n"£° [Reaction (I-2)] with 201 events (A) is the
center of mass production angular distribution for the =~ combina-
tions where the cross-hatched area corresponds to the 107 events
obtained by demanding M(=-n*) in the mass interval [0.667, 0.867]
GeV/c2, and (B) the M(=-n*) distribution.
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hatched region corresponds to events in the 0°(765) reqion. The distri-
butions given by the model and the data have the same shapes.

A question of interest for both Reactions (I-1) and (1-2) is the
possible presence in the data of A7 meson decaying to w=n b, The oo
istence of this resonance was first reported in 196423 but has only re-
cently been reported for K°N reactions. The Purdue group2" report a
fitted mass of (1.330 * 0.015) GeV/c2 and a fitted width of (0.054
0.030) GeV/c2 for the A, as observed in the reactions KN » nn nth

and KN » 1"n"x'z° for an incident beam laboratory momentum of 4.48

GeV/c. Their data show no compelling evidence for the p°(765)n  decay
mode of the A,, whereas the Brookhaven group25 does see the p°(765)n"
decay mode for the A, produced in the reaction K°N - An=n~nt at an in-
cident beam momentum of 3.9 GeV/c. The sensitivity of the experiment at
4.48 GeV/c is five events per ubarn. The sensitivity of our experiment
{as computed in the Appendix) is (4.5 + 0.7) events per ubarn. Figures
24(A) and 24(B) show our observed 3= mass distributions versus the CLA
model for Reactions (I-1) and (I-2) respectively. The region that ex-
tends 0.054 GeV/c? on both sides of 1.330 GeV/c2 is designated by the
arrow and cross bar. Fiqures 25(A) and 25(B) show our 3n mass distribu-
tions versus the CLA model for Reactions (I-1) and (I-2) respectively
where we have demanded that at least one n=n* combination have an in-
variant mass between 0.666 and 0.866 GeV/c2. When examining these dis-
tributions we find no compelling evidence for the presence of A2 meson
in our data.

There is Y*(1385) production in Reaction (I-3) as evidenced by

the Ax mass distributions shown in Fiqures 26(B), 27(B), and 28(B).
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ure 24.--The 3= mass distribution for (A) Reaction (I-1) and
Reaction (I-2).
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Figure 25.--The 3n mass distribution where we have demanded that at
least one n~n* mass combination be in the mass interval from 0.666
to 0.866 GeV/c? for (A) Reaction (I-1) giving 248 events and

(B) Reaction (I-2) giving 107 events.
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Figure 26.--For the reaction K°N » n~n~n*n°A [Reaction (1-3)] with
1347 events (A) the center of mass production angular distribution
for the An~ combinations where the cross-hatched area corresponds
to the 495 events obtained by demanding a An~ mass combination in
t?e m?ss interval from 1.342 to 1.442 GeV/c2. (B) Distribution in
M(AR™),
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Figure 27.--For the particle combination At of Reaction (I-3)

(A? gives the center of mass production angular distribution where
the cross-hatched area corresponds to the 238 events obtained by
demanding M{(An*) be in the mass interval [1.342, 1.442] GeV/c2.
(B) The distribution of M(An*).
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Figure 28.--For the particle combination An® of Reaction (I-3)

(A) gives the center of mass production angular distribution where the
cross-hatched area corresponds to the 281 events obtained by requiring
M(An°) be in the mass interval [1.300, 1.450] GeV/c2. (B) The distri-

bution of M(An°).
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The corresponding center of mass production angular distributions are
given in Figures 26(A), 27(A), and 28(A).

In the interval from 1.725 to 1.825 GeV/c? the An° mass spectrum
shows an excess of 55 events above a background of (123 ¢ 11) events.
The reported branching ratios2® imply we should see a signal of about

43 events in the K°N mass spectrum of the reaction
KN + ntn=a"K°N (v-5)

if this An°® effect is due to the I(1765) hyperon resonance and if
interference effects are not important. On the other hand, if it is due
to the £(1750) there should only be about three such events. This meas-
ured K°N mass spectrum® shows a two standard deviation depletion from
the estimated background of 77 events. Because of this we conclude that
the An° excess is probably due to the decay of the £(1750). Our data
imply a mass of (1.762 ¢+ .018) GeV/c? for this enhancement. When we
take our mass resolution of *40 MeV/c? into account we find that r is
less than 30 MeV/c? at the 90 per cent confidence level. There are

also excess events at the same mass interval in the An~ and A°r* mass
spectra for this reaction, but these are less statistically significant
and have smaller signal-to-noise ratios. To examine the possibility
that this enhancement may be due to events which have a I° or an addi-
tional n° in the final state, we have plotted the An® mass distribution
in three separate parts. To do this we made use of F3, the number of
standard deviations by which the missing boson mass squared exceeded

the =° mass squared. We have discussed the distribution of F, earlier.

One A°n°® mass distribution comprised only those events having F, < 0.0;

96



the second corresponded to those events with 0.0 < F, < 1.25; the third
corresponded to those events with F, > 1.25. The first and second of
these had a three standard deviation excess, while the third only had a
one standard deviation excess and thus we concluded that the events in
this enhancement show no sign of coming from contaminating reactions.
We have also looked to see if this bump results from the decay of a
parent resonance or is produced preferentially with another mass en-
hancement by plotting all the possible mass combinations for Reaction
(I-3) with the restriction that the A°x° mass be in the interval from
1.725 to 1.825 GeV/c?. We used the CLA model as an estimate for the
background and found no evidence for either of these effects.

When the CLA model was first compared with the =~n%, n=x°, and
n*x° mass distributions of Reaction (I1-3) the model was observed to be
overpredicting in the low mass regions. Normalizing the model to the
data in the mass intervals [0.480 to 0.680] and [0.880 to 1.580] GeV/c?
for the »n~n* mass distribution gave the dashed 1ine shown in the p°(765)
mass region on Figure 29(B). Normalizing the model to the data in the
mass intervals [0.475 to 0.675] and [0.875 to 1.575] GeV/c? for the n~r°
and n*n° mass distributions gave the dashed lines in the region of the
p%(765) shown in Figures 30(B) and 31(B). Using this renormalized CLA
model result as an indication of the background we obtained an estimate
of the amounts of these resonances present in the data. The CLA model
was then recalculated taking into account the presence of these addi-
tional resonances. The resulting CLA model calculations are the smooth
curves shown in Figures 29(B), 30(B), and 31(B) and we see better agree-

ment when the presence of the p(765) is taken into account. Requiring
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Figure 29.--For the particle combination n~n* of Reaction (I-3)

(A? gives the center of mass production anqular distribution where
the cross-hatched area corresponds to the 599 events obtained by
requiring M(==n*) be in the interval from 0.680 to 0.880 GeV/c2.

(B) Distribution of M(n=n*) where the dashed line shows the re-

sult of the CLA model computed without including any diagrams

for p(765) production and normalized to the number of observed com-
binations in the mass intervals [0.480 to 0.680] and [0.880 to 1.580]
GeV/c2. The solid line gives the CLA result where all diagrams for p
production are included.
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Figure 30.--For the particle combinations =~n° for Reaction (I-3)
(A? gives the center of mass production angular distribution where
the cross-hatched area corresponds to the 607 events obtained by
requiring M(r==°) to be in the interval 0.675 to 0.875 GeV/c2,

(B) Distribution of M(n=n°) where the dashed line shows the result
of the CLA model computed without including diagrams for p(765) and
normalized to the number of events in the mass intervals [0.475 to
0.675] and [0.875 to 1.575] GeV/c2.
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Figure 31.--For Reaction (I-3) the mass distributions of the particle
combinations (A) n~n~ and (B) =*° where dashed line shows the dis-
tribution given by the CLA model computed without including diagrams
for p(765) and normalized to the number of events in the mass in-
tervals [0.475 to 0.675] and [0.875 to 1.575] GeV/c2.
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M(r=n*) in the p°(765) region and M(x=x°) in the p=(765) region gives
the cross-hatched areas of the CM production angular distributions shown
in Figure 29(A) and Figure 30(A) respectively. The CLA model gives
qualitative agreement with these distributions. As a check (since the
isospin one p cannot decay to n"n") we show the M(=~x=) distribution in
Figure 31(A) versus the CLA model which was calculated including the
presence of neutral and singly charged p(765). The CLA model shows good
agreement with the data in the mass region of the p.

The chi-squared probability that the observed M(r*r~) distribu-
tion and the one given by the CLA model have the same shape in the re-
gion from .680 to .880 GeV/c2? is only about one per cent. Since the
model did not contain B™(1235) production, we studied the effect of re-
moving those events with a M(r*x~n°) in the interval from .740 to .840
GeV/c2. This removed the w® and therefore also the B~ events. This
left the number of excess events and their shapes in the region of the p
mass in all four nn mass distributions essentially unchanged. In fact,
it produced no significant changes in our conclusion about any mass en-
hancement of this reaction. We also found that removing events with
M(Ar®) from 1.725 to 1.825 GeV/c2? left our conclusions unchanged. Be-
cause of the shape of this n «~ enhancement, we feel that the amount of

»°® production in Reaction (I-3) that is quoted in Table 2 should be

viewed with a certain amount of caution,

The mass distribution for the particle combination = n*n°® is
shown in Figure 32(B). Because of the disagreement between the CLA model
and the data on the high side of the w°(784) resonance a background

estimate was made by linearly interpolating the number of combinations
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Figure 32.--For the particle combination n~n*n°® of Reaction (I-3)
(A) gives the center of mass production angular distribution where
the cross-hatched area corresponds to the 239 events obtained bg
requiring M(r=r*%°) in the mass interval [0.740 to 0.840] GeV/c2.
(B) The M(w=n*n°) distribution where the dashed curve in the re-
gion of the «°(784) is a linear estimate of the background.
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per unit mass between the Regions from [.615 to .715] and [.915 to 1.065)
GeV/c2. Figure 32(A) shows the center of mass production angular distri-
bution for the n~n*x° combinations. The cross-hatched portion represents
those events in the region of the w°(784). The CLA model shows qualita-
tive agreement with the data for the mass and angular distributions.

Figure 33 shows the 4w uncut mass distribution for Reaction
(I-3). There is an indication of some B™(1235) resonance here. This
resonance was not included in the model. Essentially 100 per cent2® of
any B~(1235) produced would decay to w°(784)n~. Therefore, if any
B~(1235) resonance was produced in Reaction (I-3) the background under
it should be reduced by demanding the presence of w°(784). This was
done by plotting only 4n mass combinations which had a n~»*° mass com-
bination in the interval from 0.740 to 0.840 GeV/c2. The resulting mass
distribution is shown in Figure 34(B) and the B™(1235) is clearly evi-
dent. To estimate the amount of B~(1235) resonance which was present
the CLA model was used to give the shape of the background since it does
so correctly on both sides of the resonance. The B™(1235) is an estab-
lished resonance but has only recently been observed in a K~ nucleon
interaction for the first time.27 This was Reaction (I-3) at 3 GeV/c.

We have searched the data of all three reactions for final
states containing more than one resonance by cutting in turn on each
resonance given in Tables 1 and 2 and plotting all the possible particle
mass distributions. The CLA model was used to estimate the background.
We found no compelling evidence for the simultaneous production of two
or more resonances either with or without the sharing of particles nor

for the production of resonances that decayed to daughter resonances



Figure 33.--The mass distribution of the particle combination =~n~n*n° for Reaction (I-3).
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Figure 34.--For the 267 events obtained for the reaction K*N + «»°(784)n~A
by requiring M(==n*s®) to be in the interval [0.740 to 0.840] GeV/c?

(A) gives the center of mass production angular distribution where the
cross-hatched area corresponds to 76 events obtained b{ requiring
M(n=n-n*n°) to be in the interval [1.130, 1.330] GeV/c?. (B) gives

the distribution in M(n=n-n%x°).
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except for the B~(1235).

For each resonance produced in each reaction Tables 1 and 2
show the number of events, the percentage contribution to the reaction,
and the cross-section. We have already stated our method for obtaining
the number of events for each resonance. In computing the cross-sections
use was made of our cross-section per event, which is (0.220 + 0.033)
ubarns per event. Our method of obtaining this number is given in the
Appendix. We applied a correction tactor of 1.057 to take into account
the fact that we discarded events having stopping protons with momenta
larger than .275 GeV/c. An additional correction factor of 1.089 was
used to take into account hiding in the deuteron.%7 The cross-sections
shown do not include corrections for the other decay modes of the reso-
nances. However, they are corrected by the factor 1.53 to take into
account the neutral decay mode of the lambda. They are also corrected
for the chi-squared probability cuts at one per cent. The cross-sections
for Reaction (I-1) were found by normalizing to the number of events
having a baryon missing mass less than the lambda mass. For Reaction
(1-2) the cross-sections were found by normalizing to the number of
events having F, < |0.90|. For Reaction (I-3) the cross-sections were
found by normalizing to the number of events having Fy < 0.0.

Figure 35 shows the production angular distributions for the
Y**(1385) and p°(765) produced in Reaction (I-1) and Figure 36 shows
them for the Y*-9(1385) and p°(765) produced in Reaction (I-3). This
distribution for the B (1235) and for those w°(784) not resulting from
B~ decay are shown in Figure 37. The background under each resonance

was subtracted in order to obtain these.



TABLE 1

NUMBER OF EVENTS, PERCENTAGE CONTRIBUTIONS AND

CROSS-SECTIONS FOR RESONANT AND
NON-RESONANT EVENTS OBSERVED
IN REACTIONS (I-1) AND (I-2)

113

Reaction Events % Cross-Section
(ubarns)
K-N » Y*=(1385)n*n- 92 + 24 19 34 + 10
L. A
> Y**(1385)n~n" 61 + 15 13 23+ 7
l-r 1r+A
+ p°(765)7"A 197 + 24 4 74 + 14
L. 11"'17"' :
> f°(12601u'A 69 + 16 14 26 + 7
& 7=y
> nonntA 61 + 46 13 23 + 18 -
TOTALS 480 + 22 100 180 + 30
KN » p°(765)n-z° 78 + 16 39 35+ 9
L 17‘11+
> nonmntze 122 + 17 61 55 + 11
TOTALS 200 + 14 100 90 + 16




TABLE 2

NUMBER OF EVENTS, PERCENTAGE CONTRIBUTIONS,
AND CROSS-SECTIONS FOR RESONANT AND
NON-RESONANT EVENTS OBSERVED IN
REACTION (I-3)

114

Cross-Section

Reaction Events % (ubarns)
K*N + Y*=(1385)n=n*n° 273 + 29 20 115 = 21
S A
+ Y**(1385)n~n"n° 22 + 19 1.6 9+ 8
I—v nta
+ Y*°(1385)n"n"n*t 77 + 22 5.7 32 + 10
L-v noA
+ £°(1750) n=n-n* 81 + 17 6.0 34+ 9
L A%n®
+ p°(765)7 %A 237 + 37 18 100 + 22
e
+ p~(765)m=ntA 204 + 37 15 86 + 20
nr°
+ o4 (765)7=n"A 20 + 24 1.5 9 + 11
ntn®
+ °(788) 7" A 89 + 2] 6.6 37 £+ 10 *
‘ﬂ_'l'l'+'ﬂ°
+ B=(1235)A
Ly wo(784)n" 62 + 15 4.6 26 + 7
Ly g=n*n®
> g n"n T nCA 282 + 84 21 119 + 40
TOTALS 1347 + 37 100 567 + 88

* These values do not include w°(784) resulting from B~(1235) decay.
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Figure 35.--For Reaction (I-1) the center of mass production angular -
distributions where background has been subtracted for (A) Y*-(1385)
with 71 events, (B) Y**(1385) with 44 events and (C) p°(765) with
101 events.
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Figure 36.--For Reaction (I-3) the center of mass production angular
distributions where background has been subtracted for (A) Y*=(1385)
with 188 events, (B) Y*°?1385) with 50 events, and (C) p°(765) with

128 events.
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Figure 37.--For Reaction (I-3) the center of mass production angular
distributions where background has been subtracted for (A) B-(1235)
with 40 events and (B) w®(784) with 62 events.
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The production angular distribution for the events of Reaction
(I-1) in the mass region of the f°(1260) is shown in Figure 38, for
0°(765) of Reaction (I-2) in Figure 23(A), for p~(765) in Figure 30(A),
and for £°(1750) in Figure 39. For each of these four cases, the anqu-
lar distribution has the same shape for the events of the resonance and
control regions. In fact the chi-squared probabilities obtained when
comparing them were never smaller than 50 per cent. Therefore these are
presented without a background subtraction.

We have looked for peaking in the production angular distribu-
tions of our resonances. The results are summarized in Table 3. Even
in those cases where the background and control regions had the same
angular distributions, we carried out a background subtraction before
drawing conclusions. This is why the events in the mass region of the
p~ show a forward peak, but we cannot detect a peak for the resonance
itself. The signal-to-background ratio in this case is only 0.3. 1In
those cases where peaking was detected the Y*(1385) peak in the backward
direction and the meson resonances peak in the forward direction.

We searched for alignment in the Jackson?® and helicity frames
for those resonances produced with yields greater than 100 events in a
given reaction. The helicity frame is defined in analogy to the Jackson
frame, but with its polar axis parallel to the direction of motion of
the resonance. We found no compelling evidence for alignment.

We looked for polarization of the A° along the normal to its
production plane for Reactions (I-1) and (I-3). We found no compelling
evidence for such polarization at any A° production angle or in the

average over production angle. We also cut on the invariant mass regions
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Figure 38.--For Reaction (I-1) the center of mass production angular
distribution for the 141 events obtained by demanding M(n-at*) in
the mass interval [1.092, 1.417] GeV/c2.
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Figure 39.--For Reaction (I-3) the center of mass producticn angular
distribution for the 178 events obtained by demanding M(Ar®) in the
mass interval [1.725, 1.825] GeV/c2.
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TABLE 3

DESCRIPTION OF PEAKING IN RESONANCE PRODUCTION ANGULAR DISTRIBUTIONS,
SIGNAL TO BACKGROUND RATIOS, AND MASS CUTS FOR RESONANCES AND

CONTROL REGIONS

Mass Regions (GeV/c?)

Reaction Resonance Resonance Cut Control Cuts Signal/Background Peaking

(I1-1) Y*~(1385) (1.342,1.442) (1.255,1.315) 1.2 Backward
(1.455,1.605)

(1-1) y**(1385) (1.342,1.442) (1.255,1.315) 1.5 None Discernable
(1.455,1.605)

(I-1) 0°(765) (.667,.867) (.430,.630) 0.9 Forward
(.900,1.100)

(1-1) f°(1260) (1.092,1.417)  (.890,1.092) 0.5 Forward
(1. 417 1.617)

(1-2) p°(765) (.667,.867) (.430,.630) 0.8 Forward
(.900,1.100)

(1-3) Y*~(1385) (1.342,1.442) (1.255,1.315) 0.7 Backward
(1.455,1.605)

(1-3) Y*°(1385) (1.300,1.450) (1.250,1.287) 0.2 Perhaps Backward
(1.500,1.650)

(I-3) £°(1750) (1.725,1.825) (1.475,1.675) .4 None Discernable
(1.875,2.075)

9L



TABLE 3--Continued

Mass Regions (GeV/c?)

Reaction Resonance Resonance Cut Control Cuts Signal/Background Peaking

(1-3) 0°(765) (.680,.880) (.430,.630) 0.3 Perhaps Forward
(.900,1.100)

(1-3) p~(765) (.675,.875) (.430,.630) 0.3 None Discernable
(.900,1.100)

(1-3) B~(1235) (1.130,1.330) - (.880,1.055) 1.3 Forward
(1. 405 1.705)

(1-3) w®(784) (.740,.840) g 615,. 715)) .8 None Discernable

890,1.015

24}
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of those resonances with yields greater than 100 events and in each case
looked for A° polarization averaged over production angle. None was

found.

B. Single Particle Distributions

We use the single particle distributions in the K~ neutron
center of mass for the variables cos 6, Py and Py to test the CLA model.
The quantity 6 is the angle of production of the single particle with
respect to the incident K- direction. The quantity Pr is its component
of momentum perpendicular to the beam direction and is called the trans-
verse momentum. The quantity P 1is called the longitudinal momentum and
is the component in the K™ direction. Of course cos 6 is not independent
of Pr and PL. The distributions in these variables for the single par-
ticles of the three reactions are shown in Figures 40 to 48. The smooth
curves are the results of the CLA model normalized to the data. Figures
42, 45, and 48 give the production angular distributions. The dashed
curve represents the results of the CLA model using values of b1 which
were the same as originally used by Chan et al.! These values gave
results that are more peripheral than our data. They also gave results
that are more peripheral than the data for K*N + »~n"PK°, K°N + =~n~v*NK°,
and K°N » n~n"Px°K® obtained from the same bubble chamber film.5 We
found that multiplying the by by 2.0 gave better agreement with the data
for the six reactions. We therefore compare our data with the CLA model
using the larger bi'

Table 4 gives the average values and statistical errors for P;
and P obtained from both the data and CLA model. The shapes of the

distributions show qualitative agreement between the model and data.
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Figure 40.--The single particle center of mass longitudinal momentum
(P) distributions of Reaction (I-1) for (A) A, (B) ==, and (C) n*,
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Figure 41.--The single particle center of mass transverse momentuym
(Pr) distributions of Reaction (I-1) for (A) A, (B) =~ and (C) =".
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Figure 42.--The single particle center of mass production angu]ar
distributions of Reaction (I-1) for (A) A, (B) n—, and (C) =",
where dashed lines give the CLA model results when we use values
for bj that are 0.5 times the ones we regularly used.
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Figure 43.--The single particle center of mass longitudinal momentum
distributions of Reaction (I-2) for (A) z°, (B) ==, and (C) =*.
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Figure 44.--The single particle center of mass transverse momentum
distributions of Reaction (I-2) for (A) z°, (B) ==, and (C) =*.
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Figure 45.--The single particle center of mass production angular
distributions of Reaction (I-2) for (A) z°, (B) =»~, and (C) =*.
The dashed 1ines give the CLA model results when we use values
for by that are 0.5 times the ones we regularly used.
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Figure 46.--The single particle center of mass longitudinal momentum
distributions of Reaction (I-3) for (A) A, (B) »~, (C) =°, and (D) =*.
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Figure 47.--The single particle center of mass transverse momentum
distributions of Reaction (I-3) for (A) A, (B) »~, (C) =°, and (D) ="
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Figure 48.--The single particle center of mass production angular
distributions of Reaction (I-3) for (A) A, (B) ==, (C) »°, and
(D) =* where the dashed lines give the CLA model results when

we use values for bj that are 0.5 times the ones we regularly
used.
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TABLE 4

AVERAGE VALUES AND ERRORS FOR TRANSVERSE (Pyr) AND LONGITUDINAL (P ) MOMENTA

OF THE SINGLE PARTICLES IN THE OVERALL CENTER OF MASS AS OBTAINED FROM THE
DATA AND GIVEN BY THE CLA MODEL

Reaction Particle Pr + APT (MeV/c) PL £ &P (MeV/c)
Data Model Data Model
(1-1) " 407 + 8 353 £ 3 32 + 16 97 + 11
nt 376 + 1 3556 £+ 5 57 + 20 84 + 10
A 523 + 13 471 + 5 -120 + 32 =277 * 15
(1-2) " 393 + 12 359 + 2 70 + 22 72 + 7
nt 387 + 15 371 + 3 64 + 31 98 + 8
£ 509 + 18 491 + 4 -204 + 50 -242 + 12
(1-3) . 323 + 4 307 + 2 9% 7 322 5
T 317 + 5 305 + 3 43 + 9 49 + 5
n° 321 + 6 308 + 3 56 + 10 27 + 6
A 465 + 7 448 + 4 =116 + 16 -140 + 9

vl



However, quantitatively the model disagrees with the data. This can be
seen by comparing the average values for P_ and Py. The distributions
in cos 6 also show qualitative agreement between the CLA model and the
data. However, there is not quantitative agreement. The chi-squared
probability that the CLA model agrees with the data for each single

particle cos 6 distribution is shown in Table 5.

TACLE 5

CHI-SQUARED PROBABILITY THAT CLA MODEL AGREES WITH
DATA FOR SINGLE PARTICLE COS & DISTRIBUTIONS

148

Reaction (I-1) Reaction (I1-2) Reaction (I-3)
™ < 0.01% "= 0.03% =~ < 0.01%
nt 43 % w65 % nt 7 %
A < 0.01% I° 55 % n° 0.01%
A < 0.01%

The reader will also note that the multiparticle production
angular distributions we displayed along with our mass plots showed
qualitative agreement with the CLA model.

In all three of our reactions the hyperon shows peaking in the

backward direction. The nucleon in the reactions KN + »~n~PK°,

K*N + n=n~n*NK®, and K™N + =~n"Px°K® of course also shows strong peaking

in the backward direction.® The ratio of the number of baryons in the
forward hemisphere of the center of mass system to the total number of

baryons for each of these six reactions is given in Table 6. for both

the data and the CLA model. We observe that the CLA model is correct in
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saying that this ratio is larger for the hyperons than for the nucleons
although the values it gives for these ratios are quantitatively correct
for only two of the six. CLA stress that the Reggeized multiperipheral
model explains the fact that this ratio is larger for hyperons than for
nucleons in events of the same multiplicity. The diagrams that describe
these three reactions with nucleons in the final state contain strangeness
zero meson, strange meson, and nucleon exchange where we have listed them

in order of decreasing Regge intercepts. But the diagrams that describe

TABLE 6

FRACTION OF BARYONS IN THE FORWARD HEMISPHERE
OF THE CENTER OF MASS SYSTEM

Forward Baryons
Total Baryons

Data CLA Model
KN + 7 n n A° 0.43 + 0.02 0.30
KN + n=n-n*z° 0.37 + 0.03 0.33
KN + 7= n~w¥n®A 0.43 + 0.01 0.37
K™N » »~n~PK° 0.16 + 0.02 0.09
K*N + n~n"n*NK® 0.24 + 0.02 0.13
KN + n~n~Pr°K° 0.18 + 0.02 0.20

our three reactions with hyperons in the final state only contain
strange meson and nucleon exchange. Nucleon exchange will play a rela-

tively more important role in ours because strange meson exchange offers
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less competition than the exchange of a higher lying strangeness zero
meson trajectory. Also, the hyperon may be produced at any vertex of a
multiperipheral diagram. But the external line for the final state
nucleon must be further away from the vertex of the K™ beam particle than
the external K° line. If this were not so, one would have to invoke the
exchange of a positive strangeness baryon and there is no definitive

evidence for the existence of such an object.2®



CHAPTER VI

COMPARISON OF DATA WITH MODEL OF
PLAHTE AND ROBERTS

The Plahte and Roberts model attempts to predict the relative
amounts of resonance present in the data. Figure 49 shows the mass
distributions of An~ and An* for Reaction (I-1) versus the predictions.
We see that the model predicts approximately twice as much Y**(1385) as
is observed in the data. However, in the case of p°(765) there is good
qualitative agreement with the data as shown in Figure 50. This model
and the data agreed quantitatively about the amount of p°(765) produced
in Reaction (I-2). For Reaction (I-3) it predicted excessive resonance
production. In fact, our data have a total of 0.6 pairs of particles
per event in the Y**0(1385) and p*°(765) resonances while the model pre-
dicted 1.5. The most striking disagreement was in the »*x° mass distri-
bution, which is shown in Figure 51.

The CLA and this model's single particle production angular dis-
tributions are very similar for Reactions (I-1) and (I1-2). For Reac-
tion (I-3) the CLA model gave better results. In particular, the Plahte
and Roberts model failed to give both A° peaking in the backward direc-
tion and »° peaking in the forward direction.

We conclude that this model of Plahte and Roberts as we have
parameterized it does not give a good description of our data. We

remind the reader that we have only included the effects of isospin
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Figure 49.--Mass distributions of Reaction (I-1) where the smooth curve
is the prediction of the Plahte and Roberts model normalized to the
data for the particle combinations (A) An~ and (B) ar*.
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Figure 50.--The =*n~ invariant mass distribution for Reaction (I-1)
where the smooth curve is the prediction of the model of Plahte and
Roberts normalized to the data.
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Figure 51.--The distribution in M(x*x°) for Reaction (I-3) where the
smooth curve is the prediction of the Plahte and Roberts model
normalized to the data.
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in an approximate manner.



CHAPTER VII
CONCLUSIONS

The cross-sections for Reactions (I-1), (I-2) and (I-3) and for
the production of well known resonances in them have been measured.
Other experiments at nearby energies have indicated the existence of a
Y* resonance having a mass of (1.626 + .007) GeV/c2, and a width of
(0.066 +0.014) GeV/c2.1%21 We find no compelling evidence for the pres-
ence of this resonance in our data. However, we cannot exclude the pos-
sibility of its existence. We have also searched our data for the
A2(1330) resonance. This resonance is well known, but has only recently
been reported in K°N data. That was at nearby incident beam momenta 24,25
We find no compelling evidence for the existence of this resonance in
our data.

The cross-sections for Reactions (I-1) and (I-2) at an incident
beam momentum of 3.0 GeV/c have been published.29 These are (530 + 50)
and (180 * 40) ubarns respectively while ours are (180 + 30) and (90 + 16)
ubarns. The cross-section for Reaction (I-3) and its resonance produc-
tion have also been published?’? for 3.0 GeV/c. These are shown in
Table 7 and can be compared with our cross-sections shown in Table 2.
For the 3.0 GeV/c data p(765) and £°(1750) are not observed. However,
the quasi-two-body state Y*~(1385)w°(784) is observed at 3.0 GeV/c but
we do not detect it in our data. Also, we have no compelling evidence

for Y**(1385) in this reaction, but it is seen at the lower momentum.
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TABLE 7

CROSS-SECTIONS AND PERCENTAGES FOR RESONANCES
OBSERVED IN THE REACTION K°N » An~n-ntn°
AT AN INCIDENT BEAM MOMENTUM OF 3 GeV/c27

Cross-Section

Final State Percent (ubarns)
Y*+(1385)n"n"n° 10.5 + 2.5 78 + 20
o Ant
y*-(1385)ntn-n° 30 *+5 225 + 40
An=
y*°(1385)ntn"n" 13 3 98 + 25
Am®
Y*-(1385)w(784) 14 =+3 105 + 25
e Aanm L n=n"r®
Aw(783)n” 10 +3 75 + 25
r=ntn®
AB™(1235) 1 *1 8+ 8
p=n-ntn®
AB-(1235) 12.5 + 3 94 + 25
L w(784)n"
Mtn=n-n° 9 68
TOTALS 100.0 751 + 65
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Comparisons between the CLA model and the distributions of the
data for center of mass production angle of various particle combinations,
and single particles were made. The results of this model were also
compared with the data for the single particle distributions in longi-
tudinal momentum and transverse momentum. We found good qualitative,
but not quantitative agreement. This lends encouragement to the idea of
multiperipheralism and supports the idea that further theoretical work
using the ideas employed in the model may lead to better quantitative
agreement and increased understanding of the strong force.

The CLA model does not attempt to predict the relative amounts
of resonance production. We compared the data to a calculation based on
a model of Plahte and Roberts and found strong disagreement on this
noint. Illowever, it must be borne in mind that this calculation took the

conservation of isotopic spin into account in only an approximate manner.



—

(3 I3 (W3 =m M vy T ‘W3 W) MY I TES YW W = (W) WY ™M =N




APPENDIX



APPENDIX
CROSS-SECTION PER EVENT

The cross-section per event was found by averaqing the results
of two methods. The value obtained was (0.220 + 0.033) ubarns per
event. Roll numbers 765 and 766 were scanned twice by our best scanners.
For every fifth frame a count of the interactions and a count of the
beam tracks was taken. The results are given in Table 8. The sensitivity

SB, which is the number of events per unit cross-section, of these two

TABLE 8

CROSS-SECTION DATA FOR
ROLLS 765 AND 766

ROLL
765 766
88 110 (K + A°) Vees
91 113 (K + A°) Vees corrected for events that did not pass
geometry program
492 423 Events with even number of prongs
(Every fifth frameg
14.0 13.5 Average number of beam tracks
1182 1165 Total frames

rolls with no spectator cut and using the beam track count was found

from

NeXayT

B fu ’ (A-1)
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where
Ny
f
u
T
and Xav

The average

where

X

and 2

4.15 x 1022 npeutron-targets/cm?,

n

in the beam,

3.22 x 10* is the total number of beam tracks,

128 cm is the average length which a beam track travels
in the chamber before interacting.

beam track length in the bubble chamber was obtained from

Xay = 201 - e~X/2] (A-2)

146 cm is the fiducial length used in the bubble chamber,

532 cm is the interaction mean free path.

The value obtained for Sg was 0.162 events per ubarn. It should be

pointed out

that X,y did not take account of the beam attenuation due

decay of the K°. However this would have changed Sp by only approxi-

mately two per cent and thfs is a relatively unimportant correction.

Furthermore,

the final sensitivity was obtained from an average of Sp

and the sensitivity determined by a second method and including the

(1/.95) is the assumed correction for muon contamination

to

correction for the K™ decay would have changed the final result by only

about one per cent.

The

sensitivity, 5y, of the two cross-section rolls was found

by use of the following equations:

os(even prongs) = oS(K'P) + oSP(K“N)' (A-3)
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oS(K'P) = o (KP) - oELU(K'P). (A-4)
cSP(K'N) = oT(K'N)fSH, (A-5)
N
and S| = 2 (A-6)

o g(even prongs) )

The total cross-sections cT(K'P) = 24.8 mb and cT(K'N) = 21.1 mb were
obtained for our beam momentum by linear interpolation between the
counter results at 3.98 and 6 GeV/c. These are given in Table 9. The

meaning of the other symbols is as follows:

a,(X) = cross-section for X where

2 = S means X was observed in the bubble chamber,

z = T means the total cross-section for X,

z = ELU means the elastic unseen cross-section for X
where we have considered a proton of momentum less
than 0.100 GeV/c as being unseen,

z = SP means X was observed in the bubble chamber with

a spectator proton,
GELU(K-p) = 0.3 nbo
Ne = 4575 is the number of even pronged events observed for the
two cross-section rolls,
fg = 0.325 is the fraction of observed spectators, and

H = 0.918 is a correction for the hiding of the neutron by the

proton of the deuteron.6s?

Using Equations (A-3) through (A-6) we obtained Sy = 0.149 events per



TABLE 9

TOTAL CROSS-SECTIONS 730

FOR VARIOUS BEAM MOMENTA

FOR K™P, K™D AND K°N

Total
Cross-Section Beam Momentum (GeV/c)
(mb) 2.48 2.97 3.98 4 .91 6 8 10
K-P 26.9 + 0.5 25.3 £+ 0.4 25.4 £ 0,7 24.8 24.0 + 0.3 23.6 + 0.2 22.5 + 0.2
K™D 47.8 + 0.6 46.2 + 0.4 44,7 + 0.5 44.4 44.1 + 0.3 41.7 + 0.3 41.5 + 0.3
K™N 22.6 + 0.9 22.4 + 0.7 20.5 + 0.9 21.1 21.9 £+ 0.4 19.7 + 0.4 20.6 + 0.4
Interpolated

991
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pbarn. Earlier we obtained Sg = 0.162 events per ubarn. These results
are consistent and we average them to obtain a sensitivity for the two
cross-section rolls of S = 0.155 events per ubarn. The cross-section

per event for the total sample is then

(1/8) (Ny/N¢) (A-7)
where
Ny = 204 is the number of (K° + A°) vees for the two cross-
section rolls and
Ny = 5991 is the total number of (K° + A°) vees in the sample.
Thus we obtain a cross-section per event for the experiment of (0.220 +

0.033) ubarn/event.
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