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ABSTRACT

The results from a study of the production of
negative hyperons in K P interactions at 3.5 Gev/c in
hydrogen bubble chamber afe presented in this thesis.

Chapter 1 deals with introduction and the object of the

work presented in the thesis. In chapters 2 and 2 details.

of the experimental apparatus and experimental procedure are
given, Chapter 4 discusses the different programs used in

the data analysis. Chapter 5 describes the !'Eightfold' way
in detail, In chapter 6 different biases in the results are
discussed; Discussions on the % chamnels together with the
production of Yr~ (1385) and N:;Z (1238) are made in chapter 7.
Chapter 8 deals with the results in the = channels. In

chapter 9 comparisons of the results at 3.5 Gev/c with those

at dher energies are made followed by the conclusion.
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PREFACE

The author joined the High Energy Physics Group
at the impefial College in October 1961. Since then, hé
has been workizig in the Bubblé chamber Film Analysis Group
under the supervision of Prof. C.C. Butler. He spent the
first year studying the basic 'theory of elementary particles.
He also took part in the film analysis for the 4 Gev/c w’p(l)
experiment in which the Imperial College Group was a
collaborator. These 4 Gev/c & films were taken in CERN
(Centre Europeenne pour la Rethefche Nucleaire) using the
81 cm. Hydrogen Bubble chamber(?‘)of Saclay and Ecole
polytechnique. Mr., F, Campayne and the author set up the
bubble counting device which was vital for the event analysis
in the T experiment. ~ The device consisted of a projection
microscope for projectiﬂg:iﬁévpicture of a2 bubble chamber
event on to é screen which was calibrated in suitable intervals.
The dlstrlbutlon of the gaps is measured and the mean gap
length 1s"ca1cu1ated (For detalls see reference 3).

“In February 1963 Imperial College 301ned three other
groups - the University of Oxford, the University of Glasgow
éhd'NIRNS'(ﬁétibhél Institute of‘Reseaichzin Nucléar'SCiengé)
to form a cbllaboratibn'wifh the“Objéctwof studying the |
3;5:GéV/éLK%P iﬂféfaCtioﬁé; g This\was the highest incident

éhefgy 6f the K~ particles in a hYdfogénwbubble'chamBer
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experiment used so far. Some 120,000 pictures were taken
in CER& using the 81 cm, hydrogen bubble chanberf(Z) The
scanning of the films was started in March, 1963. Soon
after, the measurement of the events with two or more vees
('*Vee'! in our terminology means a charged or neutral strange
particle .decay) started. The measurements of the 'common'
events (evenits with one vee only) were started subsequently.
In October 1963, another 120,000 X pictures at the same
energy were taken. Subsequently another short run of X
was done during Christmas time in 1963, The author went
to Cern to help in the run, 60,000 pictures were taken this
time,

In this experiment the author wasbexclusively
responsible for the compilation and analysis of the =

data.



-8 -

CHAPTER 1I.

INTRODUCT ION

Section 1.1: SU, and I, U and V Sping:

The interest in the study of the strange paTticles
dates back to the discovery of the K° (neutral X meson)
particle by Rochester and.Butler(é)in 1947 using the cloud
chamber technique. In recent &ears a large nu%ﬁer of new .
particles and resonances haﬁe been discovered using the
bubble chamber technique which was first devel oped by
Glaseés*s)and was improved considerably in the last few
yearse. The principle of working of a bubble chamber has
been described in the references (5-8). |

Side by side with the experimental devel opment the
theoretical physicists tried to find laws describing the
production and the decay of these particles and to group them
according to their properties. The Japancse physicists,
Sakata, Ikeda, Ogawa and Ohnuki folloved by Gell-iiann,
Ne’eman, Salam, Ward, Okubo and others(g_zo)formulated a new
symmetry principle in grouping the particles and resonances,
known as ﬁnitary Symmetry or SU3. An al ternctive
description of SU, was that of Levinson et a1 (18200,
generalised the I-spin concept and invoked two other 'spins!

namely the U-spin and the V-spin. All these three

quantities are required to be conserved simultaneously.
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" Some predictions about the cross—sections and the decay
modes could be made considering the symmetry about the
three axes of the zbove mentioned '"spins' vwhich are at an
angle of 120° to each other.

In the diagram of the Baryon octet, figure l.la
where IZ (z component of the I-spin) is plotted againest the
hypercharge Y(Y=S5+8, S is the strangeness quantum number and
B is the baryoﬁ number) a 120° rotational symmetry can be
secen, The particles which appear in the same horizonial
line form I-spin multiplet. Likewise particles might be
grouped along lines at =+ 120° forming U-spin and V-spin

multiplets,

Section 1.2: The object of the work presented in this
thesis:
In a U-spin multiplet the strangeness is not the
same but the electric charge is the same. Consequently 3
and = form a U=-spin doublet. _ Similarly in the decuplet

of Daryon resonances, figure 1.1b, the well known 3/2-3/2
+32 and 35-41)
r

sk e
resonance, N3/2 (1238 Mev), Y1 (1385 Mev)(31

(35,42-45) o) (26,48,49)

=7 (1530 Mev) and O (1680 Me

U-spin quartet with U = 3/2. |
The object of the work presented in this thesis was

to study the properties and the correlations of different

cross—sections of production and angular distributions of the
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hyperons ancd hyperonic resonances belonging to the U = %

and U = 3/2 multiplets.

From the U-spin conservation some interesting

predictions about experimental cross—-sections can be made

such as,
Kp - xtet" .
K »rre
or
7P - K'Y, T _,

A e
K? > K'=

Predictions can also be mnde about the decay of the
resonances. Since rotations in U~spin space do not alter
the el ectric charge U-spin multiplets consist of particles
or resonances which have the same>coupling to the electro-
magnetic field. Therefore, the electromagnetic intéraction
congserves U-spin and the photon can be regarded as having

U-epin zero, Hence,

%*
Y1+ -2 4y
fey.

- 7 1—‘{
U=% % 0

are allowed since U is conserved.
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CHATTER 2.

THE EXPERIMENTAL /APLARATUS

Section 2.1: 3.§ Gev/c K-(gggm and the 81 cm bubble chamber:

Figure 2.1 shows the flow diagram of th'e whole
3.5 Gev/c K P experiment. The layout of the X beam is
shown in figure 2.2. The beam is produced by the collisions
of a 19.4 Gev/c primary Proton beam with a beryllium target.
The main characteristics of the beamn are given in Table I,

Altogether 300,000 K-‘picgures were taken at an
incident K~ momentum of 3.5 Gev/c., The é.verage number of
K mesons per picture was nine with a contamimation of about
‘three additional particles mainly § and .. |

The 81 cm, hydrogen bubble chamber was used in this
experiment, The description of this chamber is given in
reference 2. Figure 2.3 gives the diagram of the geometrical
layout of thé chamber windows and the three stereoscopic
cameras c;, C, and Cqe The crosses with 2-digit numbers
next to them are cross-—-marks on the inner surfaccs >of the
front and back windows called as the fiducial marks and are
used to delfine a fréme of reference. The X direction is
positive in the sense of the incident .I“{— beam direction.
The Y direction is positive in the sense going from the
fiducial 00 to the fiducial 99, ‘'The Z direction is

positive in thc sense going from the cameras towards the
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T/SLE I
Initial Method of -l
Proton Target Size Separation | AP, |x 10—4
Beam /> .
Momen tum in C’/o sterad
Height|Width|Length

19.4 1 mm |4 om 25 mm Steel Plate]| 0.5 0.61

Gev/c Separator

where

4P is the momentum bite

Py

P

@ is the solid angle ¢f acceptonce
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chamber . X =Y = 0 at the fiducial 77 on the back window.
Z is equal to zero at the plane of the {ront glass.
Figure 2.3 also gives the coordinates of the three cameras

and the fiducizl marks.

Section 2.,2: Scanning Machines:

The first stage of the aﬁalysig consists of scanning
and measuring the bubble chamber events. The purpose of
scanning is to provide a catalogue of the evenfs of interest.,

At present there are five scanning machines
available in this college. The, photographs of the bubble
chamber events tzken simultaneously from threc cameras are
mounted on three channels of the scanning machine which is
fitted with a lens and mirror system to pzoject the picture
on the scanning table. The picture thus projected is about
life size. The scanning table is also previded with a £ilm
transport mechanism, All three views can v moved togethoer
~or individually. There is also the provision for projecting
fhe pictures on the two extreme channels side by side, It
is also possible to make two views overlap. This becomes
necessary to check for stopping tracks in the chamber,
Section 2+3: Measuring Machines and their Accuracy:

After scanning comes the measurement process. The

physicist defines the categories of events that he wishes
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to be measured. The locations of thesz events in the film
are obtained from the scanning cards made during the scanning

(the procedure of scanning will be discussed in section 3.1

It is well known that a charged particle in a
magnetic field moves in a durved trajectory. The momentum
I’ of the particle is related to the magnetic field H and the
radius of curvature R of the trajectory by the following
relation,

P = 300 HR

with P in ev/c, H in gauss and R in centimetres, The
purpose of the measuring machines is to measure approximately
equally spaced'poings along the track on the f£film. This;is
done in three views, Some fixed fiducials are also.ﬁépsured.
With the help of these measurements the tracks are |
reconstructed in space i.e. in the bubble chamber (For _
detailed discussion see reference 21 and also section 4.1).

At present there are three measuring machines in the
Imperial College. One of them was built in the college, the
other two are typical British National Measuring machines
(Description of these machines is given in reference 22).
In the homemade machine the film moves both in the X and the
Y directions. The picture is projected on a screecn through
a lens system. The projected picture is three times the

life size, In the other two big machines the film moves on
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& carriage paraliel torits length in the X-dirsciion and the
lens system moves along thé Y-direction. There are thrce
geparate lens systems and photoelectric deiectors, (in one
of these two big machines there is only one detector and
there is no high magnification screen)., Figure 2.4 shows
the optical layout of the systeﬁ. A stationmary view ofrgle
whole frame is érojected in tungsten light by the 9X lens,
The measuring channel is illuminifed by a high pressure
mercury lamp shared by all three channels. The small beaom
surrounding the me asured point selected by the beam splitting
patch is divided into two parts by a beam splitter. The
reflected part containing the mercury green and yellow lines
is projected 30X on a screen. The transmitted part
containing the blue and violet lines goes to the photoelectric
-detector, The screen on which the 30X magnification is
displayed has got a cross marked on it which can be rotated
to line up with the dircction of the track, The X and Y
movements are done by hydraulic rams. Moire’fringe
digitizers are used for digitization. The big machine with
only one photoelectric detector is provided with an automatic
track-following device.

After the two big machines were installed the
author invesfigated the accuracy with which the measurements
were madec by these machines. The random errdr is due to the

setting ou a point to be measured. The r.m.s. setting exrror
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was of the order of * 3 microns in both the machines.
The inaccuracy in the movement of the stage of the machine
might introduce some systematic error in the measurement.
This was found out in the following way. |

A contact print was made on a piece of film from
the image of a thin stretched glass fibre on a photographic
plate. This 9 cm straight line which was very nearly
parallel to the x~axis of the machine wés measuved several
times. It was then reversed through 180° and was measured
again several times, Each time about 30 measurements were
tai:en along the whole length. If there were no error
introduced Dy the movement of the stages then the two
curvatures from these two different sets of measuremcnts
should have the same numerical value but would differ in
sign. A very small systematic error was found which could

safely be ignored,
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CHAPTER 3

THE EXPERIMENT/L TROCEDURE

Ouf of the 300,000 K-'pictures taken over three
runs the I@perial College received 40,006 plctures, The
purpose ofiscahning has already been described'in.sectién 2.2,
In section 3.1 the scanning procedure and the different criter;é
used in the scanning will be discussed. In section 3.2 the
measurement procedure and the preliminary stage of the data

processing will be described.

Section 3.,1: Scanning Procedure:

The pictures of the bubble chamber events were mounted
in three different channels of the scanning machines. Every
picture was searched for an event with at least one strange
particle decay. The topological characteristics of an event
were denoted by three digits ABC, A,B,C being the number of.
charged secondaries from the primary vertex, number of charged
decays and number of neutral decays respectively.  For example,
in this terminology a 421 type of event would look like
figures 3.,1a and 3.1b, the difference between 3.la and 3.1b
'being‘that the neutral vee could either come from the primary
vertex or from one of the .decay vertices.. Events with two
or more V's (henceforth to be cal led the  top priority cvents)

were noted down irrespective of the region in which they occurrec



-23-

AN EVENT OF 421 TYPE

.f">

FIGURE 3.1 a

[

FIGURE 3-1b




- 24 -

But for the common events a fiducial region was defined.
Events were notcd down only if they océuf;ed ins ide a
rectangular box of dimensions 39 cms x 15.5 cms., figure 3;2,
This fiducial volume is defined in the second view since
the camera axis on the second view is most normal to the
centre of the tracks, For the same reason, for wvisual
estimation of the ionisation of the tracks the second view
is used. T decays (X - 7 @ 7 ) were also noted down.
Thesé T counts were used lafer‘on to calculate the cross-—
sections éf dif ferent channels. A note was also made of
any blank or overlapping frames. The information which was
put down in the scanning card was:
1, The Frame Number |
2., The topology of the event .,
3. A code number to describe the topology.
4, The event number (if there were more than one event in
a frame, then the event numbers were put down as 1,2,3,..
the numbers increasing as the length of the incident X
track increases).
53‘ The Scanner's number
6. Information about the origin of a neutral V.,
7. A small drawing of the bubble chamber to locate the
positions of the different apices.
A sketch of the event was also drawvn on the space

provided in the scan card. Additional information can also
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be put down in the remaining space of the card. Two scans
were made independently. ‘A check scan list was then prepared
containing the events which were found only in one scan but
not in the other and also other discrepancies such as région,
frame numbers or wrong interpretation of the event. "The
check scan was carried out by two physicists. A mster list
of 'good! events was then prepared. |

To separate electron pairs from VPts a restriction
was imposed not to accept any event with a V° which had an
opening angle < 3°, In this way certainly some A°ts ana x%ts
would be 1lost (loss was about 170) but quitc a clean sampie
of Vo’s was thus obtained, The required minimum length of a
charged decay was 1 mm,. Any decay length less than that was
classified as unmeasurable, Extreme care was also taken not
to confuse a scatter_with a charged decay.

The criterion of association of a neutral V to a
vertex was quite straightforward. 1f the line joining the
production vertex and the neutral decay vertex went through
the two tracks of the VO, the V° was regarded to be associated,
figure 3.3,

An effort was also made to distinguish the ﬁ.avu
decays in flight from the K - U4 decays from the knowledge of
the maximum transverse momentum of the decay product in these
two decays.

"The off-beam criterion was mnot very well defined,
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A beam.which was obviously not parallel to the main bunch
of the beams was regarded as of {-beam and any interaction

coming firom that beam was ignored,

The overall scanning efficiency was of the order of 95?3.

Section 3.2: Measurément of the events and Preliminary
Data Processing:

The measurement of the top priority events was
started first followed by the measurement of the common
events, The object of measuring and the details of the
measuring machines have been described in scction 2.3. An
event was measured only when all three views were seen., The
output of the measuring machines is punched on 5-hole paper
tape.

A preliminary éheck of this paper tape was made on
the Elliot 803 computer for trivial faults in labelling of
the items, punching of the holes and the sequence of
measurcments (which was indicated on the scan card). Some
of the fauits at this stage were removed by hand editing
the tape.

The se corrected tapes were then passed through a

Program which would convert the paper tapes to punched cards

in a format compatible with the Geometry ProgramEZI) This
job is done by a Mercury computer. - The information in these

cards for the succesful events was then transferred to a
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magnetic tape via a 1401 computer. The information on the

—

tape passed through the Geoemtry Zrogram folloved by the

Hypothesis Testing and the Xinematical Fitting Pxogramo(zs)
Figure 2,1 gives an idea of the different steps in the Data
Processing system, The events which failed at the Mercury
stage were corrected for editable faults otherwise tliey wers

sent for rTemeasurement . The failure at this stage was

about 10% .
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CHALTER 4

PROGRAMS USED IN THE ANALYSIS & THE DATA
Section 4.1: The Geometrical Reconstrﬁction Program:(ZI)

As was stated earlier in this thesis thc purpose
of the Geometry Program is to find the positions in
space of the different measured vertices with their errors
and also to calculate the momentum p, the azimuthal angle ¢
and the dip angle N of the tracks with their erros. All
these parameters are given at the centre of the track.

The coordinates of the vertices and of different
tracks measured in all three views are presented in a
form compatible with the input format of the Geomctry
Program, The transformation of all the meésurements
on film for each view to a2 standard frame for that view,
defined as having the point where the optic axis cuts

the film plane as origin
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and X and Y axes parallel to the X and Y axes of the
coordinate system of the chamber, is done as follows:

For each view a set of expected fiduecial position
in the standard frame is supplied, A particular fiducial
on each view is always measured first and a translation is
made on the measured fiducir.}ls_ so that this first fiducial
is in its correct position. Then, assuming that the axes
of the measurement frame and the axes of the standard frame are
only inclined at a small angle, the measured fiducials can be
‘identified with the standard fiducials, From these two
corresponding sets of measured fiducials and the standard
fiducials, the transformation coefficients are found for each
view.,

Assuming parallel glasses and film plane and no lens
distortion for the bubble chamber optics, all the measured
film coordinates are transformed into ray coordinmates using
suitable optical formulas, A ray ie defired by a coordinate
pair of the point where the ray cuts the front glass—hydrogen
interface and by the direction ratiog of ther ay.

The vertex coordinates are reconstructed in the
following way:

For each vertex there are three rays (if no view is
missing) and we wish to find the point (x,y,z) in tke chamber
which is the point of nearest intersection of these rays.

: L2 . .
This is done by minimising 3 di where di is thc distance
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between the projection of the point (x,y,z) on the film
for view i and the point where the ray cuts the film.

The space points for tracks are found by the
corresponding points methoda A ' best' view is defined
for e ach track and for each ray oﬁ this-view corresponding
rays on each of the other 'subviews! are found. The.f:e' are
then used to find a weighted mean for the space point. To
find the corresponding rays between two views the ray
coordinates are rotatled in a system with x—-axis al ong the

direction between the two cameras. This is called the

stereo—axis, For each track, the view for which
L W [smz 6, +Sin® 0, ]
L
max B

Lmax (Sin2 61 + Sin2 62) J

is amoxisum is called the 'best view'. In this expression,
'L is the length of the image of the track, is the

“max _
maximum value of L for the three views, Sinz 61 and S‘i:n2 02
are the a.veragevvalues of Sin® 0 for the two subviews.

6 is the angle that the tangent to the track on the subview

makes with the stereo—axis. Wis a Specified weighting

factor.

Tf (X5, Yo, Ugy V) be the coordinates of the 'best!
view ray, then, fgnoring optical constraints the ccrresponding

U VS) on the subview can be found Iiom the

ray (XS, YS, 5?
relation YS = YB' This would be done by finding the two
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rays on the subview with Y cocrdinantesnearest tc the value
Yg = YB and then interpolating. From these two rays the
z~coordinate of the space poirt on the best view ray can be

calculatod

[t
|
!
5

i the az-goovdinate of the space

point is given by

gin” 0. Z. + Sin® 6. Z
i 1 2 2
“ = . 2 2
Sin 61 4 Sin 02

But, in practice, becau of the opitical distortions, it is

Lir]
(¢

necessary to iterate tc find corresponding rays and also to
take account of the curvature of the track by interpolation.
A first approximation curve fitting is done on these
space poinis, First, the x, vy projection of the track are
fitted, then the fitting of the z-coordinates is done,
For txracks turning through a large angle a circle fit is

made for the X, y coordinates while for tracks turning

through a amall angle a parabolic fit is mde, To decide
between a circle or parabolic fit a check is cdone on the

value of

~r BS

(o]

w0
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where 0 is the angle turned fhrough, 1 is the length of
the track, R is the radius of curvature, c is the length
of the chord and s is the sagitta, see figure 4.l. To do
a circle fit 8s and ¢ must be greater than some specified
values. Forctracks which are straight to ‘the accuracy of
the points a straight line fit is made.

The beam track is then identified by comparing the
first approximation values of the angles and momentum of
these fitted tracks with the known beam track direction and
momen tuma, Checks are also made to see that the identified
track has also the charge and coordinates at the entrance
of the chamber appropriate to a beam track.

© The method of.reconstructing tracks by correspanding
points megthod has got several disadvantages, In the first
place there is no entirely satisfactory way of doing the
interpolations in finding the corresponding points. Moreover,
as the fits are made to space »noints, the ervrors on the
coordinates of these points must be known to be able to
callulate the errors on the fitted quantities.  The space
points are, howéver, related in a very complicated way to
the measurements, thus the errors on space points are

difficult to calculate and are also correlated. Finally

the measurements from the three views cannot be ftreated

syrmetrically.
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 CRITERION FOR SELECTING BETWEEN
CIRCLE AND PARABOLA FIT

FIGURE 4-1-
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The method of fit ting. a helix overcomes these
difficulties, In this method the parameters of the helix
which lies closest to the rays corresponding to the image
points on the three views are found by iteration,

For each of the three views of the track we have
a set of rays defined by coordinates (X,Y,U,V) wvhere X, Y
are coordinateé on the front class of the chamber and U, V
are direction ratiog for ther ay. The best fit heliﬁc to
'these rays is then found out by projecting both the r ays and
the helix back onto a nominal film plane and then minimising
z di2 where di is the perpendicular distance from the point
where the ith ray cuts the film plane to the projected image
of the helix, The helix fit uses the values of the helix
parameters found from the first (corresponding points) fit
" as starting values for the iteration, Three fits are mde for
each track assuming the masses of K, 7 and proton for the
track.

From the parameters of the fitted helix the momentum P

is found out from the expression

P = 0,3 HR x 10'“3 Gev/c
Cos A

where H is the z—component of the magnetic fizld in Kiiogauss,

R js the radius of curvatwe of the helix and N is the dip

angle.
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The correspording azimuth (b will be

(p =6Ri,

N

where 0Op is the angle that the measurements have been
~.rotated through and the sign is t aken according to the
sense in which the particle is moving roﬁnd the helix. The
(f) and 1/p of 'the track are altered so that they apply to
the ceatre of the track. The errors on these three
parameters are also calculated, The errors for each fitted
track for the wnss of X, 7 and proton are also found, |
Figure 4.2 is a his-togr.am of the film measurement errors for
969 tracks. The Geometry Program also calculates the
multiple Céulomb scattering errors and adds these to the
measurement erzors. The program has also provisions for
dealing with stopping tracks and elastic scatters.

The failure at the geometrical reconstruction stage
was dbhout ‘10?09 The events which are successful at this
stage are passed on for further processing through the
Hypothesis Testing and Kir;em_a‘i:ic Fitting progrem (discussed
in the next section). The events which fail at this stage
due to various faults are sent back for measurements (see the

“flow diagram of the 3.5 Gev/c X P experiment, figure 2.1).
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Section 4.2: Hypothesis Testihg and Kinematical Fitting
Program 2(23)
The object of this program is to assign different
masses to each reconstructed track and to try to wvary the
parameters of the event in order to obtain energy and
' momentuxﬁ consérvati on at each wvertex. The purpose 6f the
fitting is to get the best estimate of the true values of
the threc parameters (p, A\, (!)) for each track because due to
the measuremcnt errors the parameters will not satisfy
energy-momen tum conservation at a vertex.
The kinematical fitting program uses the wvalues of
tan A, 4) and 1/p at the centre of the Atrack obtained from the
Geometrical Reconsixuction Program as the sitarting values.
Centre of track quantities are used because it is assumed that
here the errors will be normally distributed (though tan A is
not normally distributed near N = £ 7/2 but such cases are rare)

The goodness of the fit of the event to a particular

hypothesis is done by the usual xz test where xz is defined as

M
X2 = > (x, = x7) Gr, (x, = %)
i,

+ 2 Za)\f.}\(x)
N

where a,;\s are Lagrangian multipliers and
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<§¥f = &xp 8%
13 1 J

is the error matrix associated with the kinematical

variables gﬁ which are subject to the L constraint equations

\ 2 . .
The histegramsof the X for the four constraint case ior the

fittel 3 events is shown in figure 4.3, The soiid curve

0]

vepregents the theoretical distribution normalised to ihe
total muanber of events in the histograms., There is quite
good agrecement between the experimental distribution and the
theoretical predicilion. The figure also shows the

probability di stribution for % events, The probability of

having a wvaluz of XZ }:Xi is given by

0]

P (x* > x%) = / 1 , R 2
n’ (o} - — .
e T 0 T TE

where n is the number of degrees of freedom. This

digtribution is normalised so that

it 2 2
/ Pn(xv) dx =1

O

The distribution shown in figuwre 4.3 is flat as it should be

when the xz distribution is proper.
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The prograa alsc calculates the normalised stretch

functions defined as

VZX" Xm
g T *

[N

< Sy =x7) Slxg=x7) >

for the threc parameters of a track namely p'; N and ¢.
This quantity would be distributed normally'aboﬁt 0 with
standard deviation of 1 if there are no systematic errors
in x? and the measurement errors are correctly estinated.
The stretch functions for p, A and’¢ of the anondecaying secondary
tracks of the four-pronged 2 events are plbﬁﬁed in figure 4.4, |
The solid curves represent the normal distributions with mean
of 0 and standard deviation of 1 ,

The kinematics program outputs the fitted vealues of
Py N and ¢ with their errors and also the missing mass, missing
energy and the threec components of the missing momentum at a

vertex. The missing mass is defined by

2 n 2 -+ . = 2
(Missing Mass}™ = (E. = R E,)” - (P,~3 P,)
I . i I T2
i=1 i=1
—3
where EI and P, are respectively the energy and vector
- -

momentum of the initial state and Ei and Pi are the

corresponding quantities for the ith final state particle

and n is the total number of the observed final state particles.
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»

The missing quantities are caleulated fro@ the measured
values of the variables,

In the post kinematics part of the program the
quantitiezs caleculated are

(a) Effectiye masses of different particle combinations with

their errors. The effective mass of n particlecs is defined as
n n -
Mg, = < 5 (B,)? - < 2 P.)Z
et i=1 * iel ?
—
whexe Ei is the energy and Pi is the 3-momentum vector of
.th

the 1 particle.

(b) The centre of mass quantities in the initiél K P

system.

(¢) Various zngles used to analyse the production mechanism

of resonances,

Section 4.3: Statistics Progrmm:(24)
The object of this program is to make histograms

of the quantities such as momentum transfers, centre of mass

momentum distributions, effective masses, etc. which a |

physicist r .guires to analyse his data. There is also

provision in the program to do 2~dimensional plois like

Dalitz slots, Triangular plots or plots of momentum transfer

against effcctive mass., The program calculates, for each

cvent, a weight W. This weight is used to correct each =~
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observed event for the detection efficiency of thét event .
Usually the weight W is defined as the inverse of the
probability P that the particle will decay beyond a
minimum length cut—-off and before escaping frow the fudicial

volume ani is given by

%-= P=ce o/lr -~ e p/T,

where T is the proper time to the minimum length (LO)
cut-off, Tp is the proper time to escape the fiducial volume
(equivalent to a potential length L), and T, s the life time

of the particle, The times T, are calculated from L; and the

momentum p of the particle, It is given by the expression
T, = mLi/pc

where m is the mass of the particle and ¢ is the velocity
of light,

In the statistics program the angular loss of events
in the weight calculation is also accounted for, The
program uses some empirical formulas to calculate the

weights for different momentum range.
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For 3" event s, the weight is given by

1 = 0.81e =0.094,5 ¢r 0 £7<£0.8 Gev/ce
W :
= 0.893 = 0.169p + 232 - 02192

for 0.8 £ p € 3.4 Gev/c

-

= 0,52 = 0.,05> for 3.4 <D

For & events, the weight is given by

0“948 ..00058/;\’

for 0 < p £ 0.8 Gev/c

3

-

= 04976 - 0,110p + 2072 _ 2:072

2 ?

v
L]

for 0.8 £ p

To get the total number of events, tﬂe‘numbcr of events is
multiplied by the weight.

For the detemination of the mass, wiith and
percentage contribution of one or more resonarces in any
effective m:ss di stribution it becomes necéssary to fit -
this distribution by a Breit-¥Wigner shé.pe plus 2 non-resonant

background. This is done as follows:
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The relativistic Breit-Wigner resonance form for

a two body resonance can be written as

R(W) = I >
2 pA
(-5 e
o o
where
21+1
— ™
I‘—-I‘O(i/P)
_ o
wo = resonant mass
To = width of the resonance
w = effective mass

P = momentum of the decay

product in the rest frame of the two bodies when they have

cefifective mass wo

¥ = momentum of the decay product in the rest

frame of the two bodies when they have effeczive mass w.

1 = relative angular momentum of the particles

involved in the decay.
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The contribution of i resonancespiis a background

B in any distribution can be written as
T‘ [n.R.B//BR.]
/ .1 1 i
td
i

+

) (=)

where ny is the fractional contribution of the resonance i3

e

(»1-2 n

i

A maximum-—-likelihood fit to this distribution gives the

best values for the three parameters for a resonance namely

jts mass, width and percentage contribution.
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QUAPTER 5

ST, AND EIGHTFOLD WAY

Section 5.1 Object of this experiment :

If we look back at the status of the el‘emgntary
particles and resonances in the fall of 1962 we would
find that the figure 1.1b of the 3/2% baryons looked like
a truncated triangle, the singlet member with Y = -2
(omega minus, denoted as ﬂ—)was missing. The predicted
mass was ~ 1685 Mev. To that date no experiment with
incident K particles had been done "in a hydrogen bubble

chanber above the '
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productiorn thre'shold ( ~ 2,68 Gev in the cenire of mass) .
Consequently it was decided to build a bean of 3.5 Gev/c

K at CERN, Genewva, This_energy would correspond to a
centre cf mass energy of 2,77 Gev which is just above the
threshold for £ production. This experiment would also
enable phyéicists to look for resonances found in experiments
at lower ener.gies and search for more massive resonances.
Section 5.2: Eightfold \#ay:

In the following few pages SU, and the 'Eightfold!
way or the octet model (of which Q- prediction was ore of -~
the direct consequences) will be discussed. |

SU3 appears mathematical 1y as the generalisation
of the charge conservation or the Isotopic spin cons ervatéon
conceptis Charge conservation is a onei parameter unitary |
group and corresponds to the gauge transformition ei
whereas isotopic spin conservation is a thrze paramcter
unitary group and corresponds to rotations in a three

dimensional space which can be written as

e(i["'e Oe/2) ) (ﬁ >

where o are the Pauli matrices, 6, is the rotation and < P >
B n /

is\"thue iso--spin doublet.

= ~
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The above cquation in the maizrixz form turrs cut to be
o f )
- % *
\ TP* o«
. 2
with |a|® + |p]? = 1

The group of unitary unimodular 2 x 2 matrices is denoted
by SU20 MNon-strange objects like pions can be built up
very ecasily in SU2°

The difficulty arises when we try to construct

8]

strange pavticles from these two non-strangc objects namely,
the proton and the neutron, As a result we have to invoke
ancther field with strangcness. Instead of having 2 x 2
matrices wo have this time 3 x 3 traceless matricess

The historical origin of this symmeiry was in the

Sakata model(g)in which there existed three basic fields.
v, (i = 1,2,3)

with the same quantum rumbers as P, n and A, From these
three fields and their Hermitean conjugates; it is possible
in princip’e, to build up states with any derired set of
guantum numbers P, Q and Y, According to this model of

SU; 2 and = belong to different representations from P, n, A.
But the fact that A parity is even goes aguinst this model,

This model also predicts spin 3/2 for = but experiments



done so far suggest strongly that the spin is 4. Another

argument against the Sakata model is the observation of the

(25)

process
—

p+p k] +k
which is forbidden according to this model, The Sakata
model does not allow any baryon family to belong to thke
represent at ion [8]. ‘Hence, we turn to Gell-Mann and
Ne!eman's octet model! 12715
Starting from two mathematical multiplets, one with

B = 0 and the other with B = 1 one can construct a baryon
octet containing %, A, P and =, The observed mesons with
spin parity ¢ and 1~ can also be put into two octetse.

_ This model makes the following predictions:
(1) All members of 2 unitary multiplet should have. the
same spin and pafitya
(2) They must have the same mass if SU; is exact.
Experimental ly this is not the case.
(17)

Okubo has obtained the general expression for

the multiplet msses m(I, Y)
; 1 .2
mi{l, Y) = m, {1 +aY +bl1(1+1) -z Y ]}

For the meson families a value of a = 0 is reguired by
charge conjugation invariance. For a meson octet replacing

m by m2 we get
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zince the two I = multiplets have the samne mass m%, being
particle andvanti—partic1e¢ Experimental 1y for the 0
meson octet the lefi-hand side gives (496 mev)z_While the
right-hand side is equal to (480 mev) 2.

The mass relation is not so good for the 1 octet
mesons o Tie mass formula with the observed p and X«
mass predicts the I = 0 member of the octei at 920 Mev
(rather than at 780 Mev for the mass of @ or at 1020 Mev
for the mass of ¢), Some mixing of the w and ¢ might
wrpisin this discrepancy,(46~47)

For *ha haryon actat tha Gall-Mann mouz foremlza  in

given by

my Fme gy
p) = 1

i3

Experimentally for the left~hand side we have 1128 Mev and
for the right-hand side 1134 Mev.
For the baryon decuplet the Okubo mass fcrmula
reduces to K
m=m( 1+a¥).
This "equal spacing rule" was in excellent agreement with
the experimental values of the masses of the different

multiplets in the 3/2° decuplet namely
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¢

*”
Y

1 1385 Mev
* :

=3 1530 Mev
2 .

The only snag was that the singlet member 1 was missing till
recently. The predicted Qt mass according to the ''equal
spacing rule' is ~ 1685 Meva As this is lower than K=
threshold it shoﬁld be stdble_against decay via strong
interactions. It can be produced in the fcilowing
reactions:

| e ) e o)
¥ P o +x°+xt

PP - o+ T

- X + A

via weak interactions.

Recently in the 5 Gev/c and 4.2 Gev/c K P cxperiments
at B;ookhaven(26‘48’49)examples of the I production were
seen. As a result our confidence in SU, has increased

considerably,
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CHAPTER 6

BIASES AND LOSSES: DBEAM STATISTICS

Scarining bias can arise from the fa;t that cha rged
decays, specially Ei's might have been lost due to short
decay lengths or small decay angles. A check for the
possible bias in the detection of the charged decay of 5
and = can be done as follows.

The probability of decay in a length L for a

particle is given by

P = ean/pc T

where p is the fitted momentum of the parent particle, m
is its mass, 7 its life time and c is the velocity-of light.
A histogram of L/p against loge P shoulcd therefore
give a distribution which can be fitted by a straight line
of slope Mmoo Figure 9.1 givés these distributions for
the & and the = event S. The theoretical distribution
lines are also drawn for comparison. For » evenis the
agreement s not as good as in the = case. In the ¥ case
there is some loss expected in the scanning for low L[P
values.

The three body decay mode of a neutral vee was

also not tried in the kinematical fitting. For this reason
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events with these VO's did not fit. The loss on this
accounf is negligible, Corrections to the cross—esection
were also made for the neutral decay modes of the XK° and
the A®. A correction for the fact that some of the
particles would not decay in the chamber due to its finite
volume was al so made, This is important in the case of x*

decays which have rather a long life time ( ~ 1078 sec)s

Forward=Backward angle:
The angular dis tribution of the A° from the = decay
with respect to a direction contained in the production plane

should exhibit no asymmetry, The distribution of the angle

-

~

Cos 6, = (As =)
e upan
INIEN

m >

should be flat,

Here, R is the direction of the A in the rest frame of the
parént =

and 2  is the direction of the = as seen in the overall
centre of mass system.,

Figure 6.2a shows the distribution of this angle, It
looks quite flat as is expected. Figure 6.2b shows the

equivalent distribution for the 2 events. This is also

consistent with a flat dis tribution.
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vs. L plots:

9

The accuracy with which a momentum can be
determined by measuring track curvature in a magnetic
field is limited by multiple Coulomb scattering of the
charged ﬁarticle, The relative error in the me asure-ent
of the momentum of a track due to Coulomb scattering can'

beaxpressed as follows(27)

W%%
g
"

o
where L
z 2
ES = (ﬁg ) m,C
a
Xo = Radiation length
p = density
= Length of the track
7 = wvelocity of the narticie
velocity of light
and H = magnetic field.

One not ices that this relative error decreases with

increasing momentum and becomes independent of D when J is

T

close to 1. Figure 6.3 shows the plots of éL against
the length L of the tracks for different ranges of momentum.

A?® is expected %E clusters around smaller values for higher

momenftum,.
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Apex positi ans‘:-—}_

Figure 6..4 shows the distributions of the x,y and z
coordinates of the producfion apices of all the = events.
For the » coordinate we notice a {1 at distribution which-
gradually deccreases towards bthe li_ncreaéing x direction,
This is exactly what is expected because cagcade produced
in this region would escepe the illuminated volume of the
chamber before decaying. . Moreover, the interesting point
here is that the events at the down stream end of. the
chamber are mostly the ones in which the A was not seen.
This is again exaplined by the fagt‘ that at this region
the Ais coming from the = 's decay outside the chamber.

The y and z coord'ir}é.tes have also goi the
expected distributions i..é. peaking at the middle of
the chamber and then failing off at both sides, this

‘being the known distribution of the beam,

Apex errors:

Figure 6.5 shows the plots of apex veconstruction

errors of some 110 arbitrary = event s. The distribution -
of Lo peaks at about 100 microns in space. The peaking of

the Ay distribution occurs at a slightly lower value,at
85 microns., The Az distribution gives a peak at 575
microns, about six times the value of the average peaking

in either the Ax or Ay distribution. These errors are
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slightly higher than the errors due to the measuring
machines. So, these errors are. due to .the di stortion in
the bubble chamber optics and also duve to ths uncertainties
in the actual operating condition of the bubble chamber.
Figure 6.5 also shows the distribution of the error of the
projecied vertices on the film: This peaks at dout 20

microns on the film;

Beam statisties:

Figure 6.6 shows the distributions fcr the momen tuin,
azimuth and dip of the beam for some 350 fitted events.
The lower half of the figure al so shows the corresponding
error distributions. The mean value for the beam momentum
is 3.456 Gev/c. The corresponding error distribution of
the beam mcmentum peaks at about 0015 Gev/c. The mean value
of the azimuthal distribution 4) is 358.69°. This is the
corrected value of (b at x = 0 of the chamber. The dip
angle distributioh of the beam‘has a mean of 0,368°. The
distribution of the error in the dip angle is much wider than
. the error distribution of ¢' This is not very surprising
because the dip angle involves measurcment in the z .direction
whereas for the azimuthal angle case it is done on the x-y
plane, The statistics on the beam parameters have been
obtained from the events of the first run. The beam
parameter values for the second run are also compatible with

the above mentioned quantities.
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CHAPTER 7
- . £
EESULTS ON % CHANNELS, Y, (1385)
AND N& T (1238)
D Ny, (1 .

Section 7.1: Introduction:
Various aspects of the S production and the
resonance production in the % channels have buen studied

. {9835
at di fferent energies in bubble chamber experiments.\z8 35)

3 forms the U = § doublet with = , In this chapter the
% production in K P interactions at 3.5 Gev/c will be
discussed, Different angular distributions will also be

shown. In section 7.4 the production of Y " {1385 Mev)

-
1
in various A chamnels and also the angular distribution of
its production and decay will be discussed. In section

. .
7.5 the production and decay of N3/2 will be described.
In section 6.8 in chapter 8 various checks of the Ne'eman-
Gell-Mann octet model regarding cross—-sections and comparisons

of the angular distributions of the different multiplets

in the U = 1 doublet and U = 3/2 quartet will be mde.

Section 7.2: Analysis of the & events:

The analysis of the S events was done together
with the events of the other "common'' categories., Event s
were noted down during the scanning only'if they occurred

inside the fiducial region (the region has already been
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defined in section 3.1). The general procedure of
scanning, msasuring and computing was followed in the
analyaic of these Cvente. The probability cat—off for
rejecting a fit was 52;. In the case of events with more
than one fit, if one of the fits is five times more Drobabis
than the éthefs, then the higher probability fit is accept =d
as unique, Each event was checked on the gcanning table

for congistency of the predicted and observed ionisations.

To find the cross-section we used thc foliowing

expressioﬁ,
An x 1027
o = ‘
PNL
where 0 = cross—section in millibarns
L = Atomic number = 1 for hydrogen

n = number of events observed

i
3

P density of liquid hydrogen
at the operating temperature and pressure of the bubble
chamber, Wz used a value of 0.0625 gm/cm3 for p.
N = Avogadro's number = 6.0249 x IOZEatoms/gm;atom
L is equal to lengfh of the observed K beam track
in centimectres., This is calculated from the T counts
in the fiducial region. The length thus calculated also
includes a correction factor for the tracks which give

interactions in the chamber. The cross—sections for

different ¥ channels are given in Table IT. The S' channel
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cross—sections are also pgiven in the same table for the
purpose of comparison. These cross—sections are corrected

for s&anning loss and life time bias (see section 4,3).
Section 7.3: Discussion of the Z channels:

F wi:

The ratio of the cross—section for X production is

At lower energies this dominance of the prcduction of st

over § was also noticed. From the angular distribution

of 3 @, sco figure 7.1, it is obvious that the production
process is non-peripheral in contrast to =" @ which is
strongly peaked backwards indicating a possible K# exchange;
The % production cannot benefit from the K* sxchange and |
this explains the low value of the ¥ production cross—
section; The somewhat forward peaking of the s angular
distributicr suggests nucleon exchange. The forward—backward

. - .
ratio feoxr & T states is

f=b. - 9.62
f +b

. . 4 -
whercas in the case of the 2 W events

f-b_._ 0.74
f +Db



TABLE 11
Fin_al State Cross-section(yp )

st 0,011 & 0,003
U 0,14 + 0,01

5w w0 0.183 + 0,013
st a° 0.347 + 0.02

st e 0.14 % 0.006
st a o 0.162 % 0.012
SR AN AN 0.186 + 0,005
st a o w o° 0,25 + 0,012
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=F ot 7
- This channel is somewhat difficult to analyse
because of possible contamination from the malii-neutral
events. A plot fior the missing mss of all the 21$0 type
% events is given in figure 7.2, Here we notice thnt thewre
is no sharp separation between the events with no particle
missing, events with one 7° missipg or evenis with mofe than
one 7° missing. |
The ' 7= #° channel mainly goes via the production
of 5 p*, ¥_"(1405), Y (1520), Y;°(1660) ani Y (1815).
o o .
Table III shows the branching ratiosof the different
resonance production in this channel and also their cross—
sectionsa Figure 7.3 gives the »F #F effective mass
distribution, The cross-hatched area correspoxds to
event s containing no,pi. A Breit-Wigner resonance fitting
procedure was carried out for this distribulion, The
resuits obtained for the four resonances, namely, Y:(1405),
Yr(1520), ¥;°(1660) and Y'(1815) are displayed in Teble IV.
The masses and widths of these resonances ave consistent
with the accepted values. In the S ﬂh effective mass
distribution there is no evidence of any xesonanc;
production, This is somewhati{ surprising because we would
expect to see the production of the YT(1660) in these
charged states. This mrked absence of both the charged

. states casts a shadow of doubt over the identification of the
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T/BLE II1

Final State Cross~section in Braunching ratio
mb

s ot 0,04 % 0.01 23 £ 6

5 o 0.15 & 0,02 44 & 5

%
Y, (1405) + a° 0.06 + 0,01 11.0 = 2

* ~ o ) - )
Y, (1520) + m 0,03 = 0,01 5.0 % i

: - .

Y,° (1660} = #° 0.04 x 0,C1 8 + 2

n

%
Y, (1815) + " 0.04 = 0.01 8 %
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T/SIE IV

Width in Mev

Rescnanze Mass in Mev
z (1405) 1408 z 6 34 1 10
Y: {1520) 1510 = 3 21 + 8
TO(Leéo) 1640 = 7 37 + 10
: (1815) 1810 + 20 110 z= 50
T/RALE V

=

Channeld =

Cross—section
inmb

Resonant State

Dranching
ratio? fo

i

* ' .

Y (1520) + p° 0,05 001
;(Lm5)+qrw 0.05 1 0.03%
;+(1660) T 0,006

deds —

This state
is disqussed
in the thesis
in detail

. ——..
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YT(1660) in the st 7T mass distribution. Thie enhancement
in the Y§(1660) mass region may be due to an altogcther
different resonance. |

Figure 7.4a and 7.4b show the distributions of the
centre of mass production angle of = in = 7° #° chamnels.
The cross~hatched area corresponds to events where p:E is
produced. The striking feature of the ¥ distribution is
the backward peaking_in contrast to the forward peaking‘éf
% in the & 77 channel (see figure T«l). This can be
explained by the fact that the main contribution to the
backward peaking of the & comes from the Y:(1405) which is
strongly peripheral in'production. In the Eﬂb" distribution
there is some evidence of backward production of =t
indicating a K" exchange. But the T o’ events show no
such peripheral behaviour. . This might be cdue to the
limited production of p+.
st ot gt T

Figure 7.2 shows the missing mass distribution of
all ;he 417 0 type 3 evénts. Aga;p!%és in the 210 events,
there is not a very sharp separatié; be tween no missing-
neutral, a 7° and nm" peaks, Tabie v gives the branching
ratios and cross~sections for different reéonance
production in this channel. -, Thé;e is some indication of

% L o i
associated production of YO(1520} and po. The production
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of Y (1660) is the important aspect of % 7wt 7 channel,

Figure 7.5 shows the effective mass distribution for the
s at ot system., The shaded area of the figure corresponds
to the events when the cosine of the angle of the 7 in the
total centre of mass is more than 0.7. A peak is evident
in the region of the YT(1660) which is well separated from
the background when events of low ﬁomentﬁm transfer are
selected, From the maximum likelihood analysis of the decay
distribution of the Yj+(1660) an attempt was made to find
its parity£79)For this analysis 29 events with Cos 0 Ce 2 0.5
and 1,610 < M(Z™ T W‘) 1.690 Gev have Leen selected.

We define the maximum likelihood function for the

th

. - 4+ _+ .
i event with mass Ei for the & 7 T svstem aszsuming

=l
spin parity J as follows
F, = af, + (1 - a) g3

i

where a is the percentage of Y *(1660) events in the sample

and £, (FF) = [[B(E '] //’:z B(E ) dE:l
(el o)) /[

* ’ . .
is the density of Y1(1660) event s, B(Ei) is a simple Breit-

—

zds.‘L
1

1

M_P

Wigner function fitted to the experimental distribution of

s~ ot 77 mass of 1645 = 7 Mev and T = 55 = 10 Mev H
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1o A
MJP (Pi’Aqi) is the squared matrix vlioment, taken from

Table VI, and evaluated for the ith'event; p is the
momentum of the & in the Y:‘ rest frame and g is the pion
momentum in the dipion rest frame. S is the area of the
Dalitz plot at energy Ei; g; Trepresents the background
contribution. This analysis favours a positive parity for
*+(1660). A study of the alternativé decay mode of

(1660) namely
Y’:(weo) - Y:(1405) +

also favours positive parity. The maximum likelihood
function in this case uses the matrix element also given
in Table VI. In the expressions for the matrix elements,

the G's are defined as

G; = e1§j smé‘ /K

where Kj cot §j = 2&1[: ( \ . )-— M, ]/
M w iz the invariant mmss of the Y\“ w
< Z j ) < !_J j >

*
combination, Mp and T' the mass and width of the Y (1405);

T
Kj the momentum of the 3 in the ( Z_/”j > rest frame and

KR its value for M( Z'Irj ) = MR' This analyecis assumes

A d * . .
spin parity 3 for YO(1405). But in our analysis it was



St

TABLE VI

‘552-

(a) Y;7(1660) » = ot o

E + EJ - L
.(b),Y1__‘;§§Q) - Y (1405) + @

L

IGJZ + 16,]% + 2Re (G G,)

x,* 6,7 +‘K4[ G,|? + Re (3] G,) x [3(1'«51-K2)2
2 2
o]
K,°[6,1% + k%6, + 2me (6] G,) x XK,

x,%|G,]% + k,°lG,]% + Re (G] G,)

| s w2 23 2 (T % 2 .. 2
+x[5\é’-11{2) —J(Kl Kz) Kl 1{2]

A,B,C are unknown paramecters depanding upon the relative amounts of the

relevant amplitudes.

~lg-



impossible to distinguish between spin 3/2 and 5/2 for
YT(1660). A spin of %1 has been ruled out by Bastein and
Berge(so)ﬁho also suggest 3/2 as the most likely value.

This result is in agreement with that of Taher-~Zadeh

(51)but not with the recent work of Eerley et a1{52)wh0

et al

obtain negative parity. Positive parity does not allow
* ~—

assignment of Y1(1660) to the 3/2 octet suggested by

Glashow and Rosenfeld(53)o

If the Y.(1405) is a wnitary
sihglet and if YT(1660) does decay into the Y:(1405)_this
means that the Yf(1660) must be assigned to mn octet.

The production angular distribution for both X and

2+ in the four body channels have flat distributions.

st at o o W
This channel mainly goes through the following

intermediate production of

* -
Y, (1405) o a7

There is little evidence of the associated production of
YZ . Table VII gives the branching ratios and cross-
sections for fhis channel.

The production angular distribution of the 5 and T

in these channels show a slight backward peaking.
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To summarize the results obtained in ﬂ¥e gifferent
¥ channels we can draw the following conclucions,

In the two body channels =" production dominates
oVer thal of ¥ . The production mechanism in the former
case involves, quite possibly, a K" exchange whereas in 'the
latter case ajpossible neutron exchange, The ﬁngular
distribution of the ¥ in the thrcee body channel is di fferent
ffom that in the two body chawmel because of the intermediate
peripheral prqduction of Y:(1405)° There is little Ef p+
pfoducﬁion in conirasi with the strong =F o production.

But both the st and 87 channels give Y:(léOS}, YZ(1520),
Y?O(lééo)'and.Y:(1815) to an almost equal extent., The
difference in the production cross—section of 2+ and

in the thres body channels is not very large. In the four
body channels, only the & 7w 7 state gives Yj(lééo).

We do mnot geﬁ'any YT-(1660) from the corresponding 5" channel.
The production cross—section of 5" and ¥ are almost equal,
Their angular di stribution also look flat. In the five

body channels 3 and " behave almost in the same way as far
as the production of di fferent resonances is concerned,

- + . .
% and % production cross—sections are also equal and

they have similar angular distribution.



. &
Section 7.4: Y1(3‘385) Production:.
A ow:

The interesting point about this channel is that
> - - hd B » * -
it is dominated mainly by the production oin.+ T, Apo and
Ai’o, sece Table VIII, but there is no evidence for the

.
production of Y, (i385), This can be accounted for by =

M.

. oeg - . , e
the fact that only Yl produc tion can occur through a X

exchangc.

Aboui 47, 0f this channel goes via the production
of Y, (1385).
KP - Yf" + 7+ 7
The mass~distribuiicn of the Aw system 1is shown in
figure 7,6, The fractional contribution of YI++ 7 7° to
the final state is about 5%34 An interesting point is the
occurrence of the associated production of Y§+ and p in

contrast with no evidence of the associated produc tion of

Hen + . . * :
Y1 and p . This again suggests a K or a X exchange in the
production process, The branching ratios and cross—sections

for di fferent resonance states in this channel are given in
Table VIII.
Figure 7.7 shows the centre of mass production angular

¥ N . .
distribution of the Y, (1385Y, ''The production is not



TABLE VII

Final Srate Cross-section Branching ratio
in mb b
5T o 0,03 £ 0,005 12 & 2
A 0,03 £ 0,006 10 + 3
Y: (1405) Rl 6,04 2 0,01 11 & 2
TABLE VIII
Channels Resonant state Cross-section Eranching ratio
in mb /o
. 3 - )
Y, (1385) 7 0.09 = 0,01 27 = 4
Mo Ap° 0,09 & 0.02 27 & 5
As® 0.06 + 0.02 19 = 5
Aw 0.09 = 0.01 6+ 1
JV A Yy~ ot a® 0.06 + 0,02 4 £ 1
*+ L] .
Y, P 0:04 * 0501 3+ 1
- — — ok -
ot e w Y %W 0,02 + 4004 1 2 & 3
: Hem
Y, p° 0,04 £ 0.007 22 % 4
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limited to events with low momentum transfer only. The

production angular distribution of the Y?” lcoks quite

different from that of the Yf+ which is stromgy peripheral

in character, The distribution of the decay angle of the

Y::— with respect to its line of flight in the overall K_—P.

centre cf mass system looks flat (also shown in figure 7.7).
To analyse the decay distributions cf resonances

and to find out idsproperties, mainly its JP and al so the

JP of the exchanged particle we define four angles,

(54)
3)

Smith 1 (Sl), Smith 2 (5,), Smith 3 (S and Treiman—Yaﬁg

)(55), in the following manner.

angle (T.Y
The direction of the normal to the production plane
of the resonance, the direction of the incident beam in the
rest system of the resonance and the other orthogoncol
direction define a rectangular Cartesian coordinate system,
see figure 7.8a. Now, the ongles made by the dircection of
the decay product in the resonance rest frame with these thre
axes are called Sl’ 52 and 83 respectively. As ig shown in

(54) .
the form of the three angular

the article by Smith et al
distributions will be 1 + a cos2 0 with the wvalue of a
depending on the angle plotted and the particle exchanged in
the production of the resonance. '

(55)

Treiman and Yang proposed a test for single pion
exchange in a production process. According to them the

angle between two planes namely, one that is made by the two
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outgoing 7's (see figure 7.8b) in the rest system of the

incoming % and the plmue made by the initial and final

nucleon =% the beiftom wvertex, alse in the rest system of the

incoming o should have a uniform distribution for a @ exchange
e . — s (56)

as it is a =zero spin particles Stodolsky =znd Sakurai '’

extended this idea to a wvector meson exchange case. They

show that the ancle & defined as
o %

‘ - . = -
Cog & = d22ply . (Kxg)
|2 = Pt ¥ x g

should thave a distxibution of the form A + B cos ¢

Y & c':c:as2 (,5 where fs), —5' arle t he 3-momentum vectors for the ~_
incident and final 'peripheral' 7 or K meson, see fizure 7.8ce.
l—c) and a’ are the 3~-momentum vectors of the exchanged vector
meson and the docay meson from the resonance. All these
quantities are evaluvated in the rest system of the resonance.
This tesi is applicable regardless of the quantum numbers of

(73)

the resonance produceds J.D. Jackson has showed that

the azimuthzl angle ¢, sec figure 7.82, will have the same
distribution as the T.Y. angle. The plots shown in this
thesis as T.Y. angular distributions are actual ly the
distributions for the angle (l). |

Figure 7.9 shows the distributions of Sl’ SZ' 83

. N )
and T,Y. Ancle for the Y1 from the channel Aw & #°

#om -
selecting the Y, from the band of AT mass between 1360
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and 1410 Mes . All these distributions look flat within

Ay

P . s . for, —. R
statistics., This is what is expected becaude, K F - &1 + 7r+,

* He
X exchange is forbidden. Y1 production can occur through
an exchange of baryon, The analysis of the decay of the

i ~ : $
Y in the A" 7 #° channel shows that the production

1

) . sk
mechanism involves a mixture of K and X exchange,

.
Ar m w om s

Thig channel is dominated by the production of

* ' -
Y,(138£) in association with p and 7.  Thei. branching
ratios are given in Table VIII. The associsted production

JH= o} + . o
of Y, with g” and 7 is somewhat weaker than that of Y1

. o . -
with p~ and a T .
There iz wery little evidence of the associated production

* .
of Y1 and L m2son.

Hee
The production angular distributions for the Yl and

o, I .
p in the centre of mass system look similar. There is no

' . . *+ . .
evidence of a peripheral mechanism in the Y, produc tion in

Y

contrast to the 3 and 4 body A channels.

+ = + = O
Mmoo wm wm W
There is some evidence for the production of

¥
1

in the centye of mass production angular disiributions of

Y 03] 72':“" irn this channel. There is no rezl dif ference

o . ‘ .
Y1 and Y1 ". Both of them look flat. Bu¢ this is based
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on a very limited statistics after the contributions from
other resonances are taken out,

Concluding, it is quite safe to sazy that 2ll the
low multiplicity A° channels are dominated by the production
of Y?+(1385 Mev) indicating a X or a K* exchange whereas in
the higher mv;ltiplicity channels thereare almost equal

SR *4 .
amounts of ¥, and Y1 produc tion.
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Section 7.5

N§/2(1238) Preduction:

We shal’l discuss the production of the N§72 iﬁ the
reaction

KP o>k 7 7 n

Figure 7.10 shows theleffegtive mass distribution of the
nmr system in this channel, The phase space curve is
normalised to the total number of events inside ihe plot.
The N:;Z peak shows up quite well in this distributicn.
The best mass value obtained for Nz/z from this distribution
is 1183 Meva. The dominant feature of this channel is the _
production of K*(888) with a branching ratio of about 4025:
The production and decay angular distributionsof the N:;z
in tke overall X~ P centre of mss system are shown in
figure 7.11, The production angular distribution shows
a slight backward peak. The decay disfribution is almost
flat., Figure 7,12 shows the plots of 5, 52 and S3 and

T.Y. angle . All of them have a flat distribution within

statistics,
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CHAPTER 8

—

RESULTS ON = CHANNELS

Section 8.1: Introduction

Cascade minus hyperons were first obse rved in
the cosmie Tay work of Armenteros, Barker, Eutler.(57)
Later on they were observed in several other cosmic ray

and bubble chamber exPeriments.(58~62) The observation

(63)

of the =° hyperon production by Alvarez et al in 1959

in the reaction |
KP - = + K°

egtablishes the existence of an isospin doublet,

and it also confirms the assignment of strangeness - 2 |

to this doublet.
The observed decays are
= > A+ @
=" - A° + 7°
The = life time of 1.74 x 10"'10 sec, is characteristic of
the weak decays. The decay of the =" is uniquel y

determined by the subsequent char ged decay of the A°.
A=p+rm  _,

o
A-n+w

The branching ratio R =
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We looked for the production of the = in the 3.5 Gev/c

X P interactions via the following channels:

XP - = k' (a;
> = xT 4° (b)

> = o k° (c)

» = " 7 ()

- = k° 7%t (e)
o= w7 (f)

- = ¥° gty et (g)

5 = & r et (h)

In this thesis mainly the results from two-body, three-~body
and four-body = production channels will be discussed,
namely the reactions from (a) to (e). The =malil number of
events in the five and six~body final states makes a detailed
apalysis impossible.

A picture of a typical = production and decay is
shown in figure 8.1. The figure also shows the decay of the
K° from the production apex. The reaction is

v

P =»= +a +k°

WS =

—

The cross—sections for the different channels of the =
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production a2t 3.5 Gev/c are given in Tnble IX, These
anss—section estimates are based on the number of 7's found
in the filn, . They are corrected for the ncutral decay

modes of A° and X° and also for the scanning effic iency.

Section 8,2: Analysis of the = events:

The procedure of scénning and measuring and ihe
general ideasof geometrical reconstruction and kinematical
fitting have already been discussed in detail in Chapterv3
and Chapter 4 respectively. In this section the analysis of
the = events after the geometrical reconstruction stage
including some pertinent points about fhe special features
of the kinematical fitting will be discussed, The results
presented in this thesis on the = hyperons are based on the
eventgnwhich at least two strange particle decays are seen,
one of them being always the negatively charged =" dececay.
= type e vents were found in the categories 2171, 21—2,
4171, 42%1, 22%1 (see section 3.1 for the meaning of this
terminology ).,

The kinematical fitting of a = type event is done
as follows:

| Let us take a simple 2171 type event. e assume
that all the tracks are well measured and have got all their

three parameters (p, A and ¢) determined at the geometry

stage except for the decay track vhich is short and has its
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TABLE IX

Chznnel Cross~section in ub
=" k¥ 9.4 = 3.2
=~ & 7° 21,6 & 5.5
= 7 K° 31.3 & 5.7
= &t k" 19.9 + 4.1
= o K 7° 36.9 + 10.2
= Kowow 5.13 % 1.8
= & 77 21.5 = 7.1

R e T ket s e W e g mnet o™ 4

totali= 145.7 + 1536

These cross—section are based on the events of the

Imperial College, Oxford and NIRNS.
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momen tum undetémined. A 3~conétraint fit is done at the
v° vertex ti-eaiing it as a K° coming from tho produc tion
apex. If this filg is successful a 0-§ fit is done at thé
charged decay apex. bTilen a production £it' is '-tried with
both the solutions of the 0~c fit, followed by a. 3 vertex

~ fit, which includes the Ko, thé charged decay vertex and

the production vertex. A 3-c fit is also done at the V°
apex treating it as a A° coming from the dzcay vertex. When
this fit is successful a 3c - fit is tried ai the charged
decay vertex. "Then a production fit iscarried out

followed by multivertex fit, The V° is also tried as a A°
coming from the production apex and if successful subsequent
non = fits are done. The flow diagram of the __fitting
procedure of a 21 1 events is shown in figurc 8.2.

The results of all the events have been checked by
the author. Every event in the Imperial College data was
checked on the scanning table for }gonsis'tency between the
predicted and observed ionisations. A fit is acccpted if
it is unique, the multivertex prqbability is above 1%, and
the missing mass and the ionisations of the tracks are
consisient with that particular H&pothesisa In the case of
ambiguous fits an effort is made to make them unique from
the knowl edge of the relative ionisations of the tracks.
Also, if a fit is five times more probable than the other
then the higher probability fit is accepted as unique.

Events are sent for remeasuremens only if the quality of
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the measuremzn: .is below the goodness of measurement
cri-terion vhich is about 20 microns on film for a track
(this is the measure of the scatter of the measured points
about the fitted curve, discussed in sectior 4,2) and 50
microns on film for a vertex (see apéx errors in section 6.1).
This step is taker because poor measurements c.an lead to
kinematic ambiguities. In the case of = events the
ambiguities arise mainly between channel (b) and the
sub=group of chamnel (¢ ) in wﬁich the I{Ov is not scen.
B& visual ionisation estimation a 7" can be distinguished
from a k' to a momentum up to 750 Mev/c. From 750 Mev/c
to ~ 1000 Mev/c bubble counting can be‘ used for thisl pux-"z;c‘).se.
The histograms of the missing mass squared for the
fitted = ovents are shown in figure 8.3, The top half
of the picture contains all the events without any missing
neutral and the bottom half displays the distribution of the
missing mass squared for all the events with one missing .
It is noticeable from the top distribution that is is not
centred around the value 0, but shifted to a2 negative value
of M.M)z.'
When there is no missing neutral, the missing

(64)

mass squared is given by the expression,

Ty
(MM) 2 = 2.' (22 - 1) A P2
. 1 1
i

where AP is the error in the momentum measurement and j,
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is v/c: the velocity of particle/velocity =f light.
Thus in the case when all particles produced arc observed,
and true missing mass is zero, the calculated value for the

< 1.

square of the missing mass is always negative, since Qi

Section 8.,3: =  Mass:
The = mass was detemined using the direction
cosines and momenta of the fitted A and the unfitted 7

from the = decay . The invariant mass of this wA system

is given by the following expression

2 2 42
M_»" = (B, + E ) (?A + I’J’W )

with

M_—- = Mass of the =

EA = Energy of the A
E’IT- = Energy of the T
;A = 3-momentum vector of the A
15)77_— = 3-momentum vector of the 7

The mass distribution for 147 events is shown in figure 8.4.
Ideograms of = mass and mass squared are also shown in the

figure 8.5, The = mass value thus obtaincd is

M_- = 1321,0 x 0,2 Mev,



~ 10§ -

The full width at hal f maximum is 7 Mev , which agrcee
well with the experimental resolution. This wvalue was

obtained using the A mass wvalue as

MA = 1115.,4 = 0.11 Mev,.
In order to investigate for any systematic errors the A°
mass was calculated in a way analogous to that wused for the

-

= mass, in this case using the uniftted momenta and
direction cosines of the decay proton and T o Only the
A°Vs associated with the = decays ars incluled for this
determination. The resultant mass distribution for 131
events is shown in figure 8,6. Gaussian idcograms of the

A mass and mass squared are also shown in figure 8.7. _ The

width of the distribution at half maximum is 5 Mev, . The

A mass thus obtained is

MA = 1115,4 = 0.3 Mev

which is in very good agreement with the accepted value of

My . The quoted errors in the = mass and A mass values are

only statistical.
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Section 8.,4: The decay parameters of the = :

We consider the non-leptonic decay mode of the =

fe) -
= - AT 4+ 7

We shall assume both A° and = have spin %E75) The decay

angular distribution of the = with its spin pointing
towards the positive z-direction in its own centre of mass

system is given by

AN

s
T < 1 + 2Re (AS Ap) cos O

where AS and Ap are the amplitudes of the S and ¥ aﬁﬁgu",_llar
momentum state respectively, The so-called decay parameters

o, 0 and Y‘bare defined as

@ = 2Re (A A
s p
»

g = 21m7(As Ap;

v o= g% - ]

with the constraint equation
a? + ﬁz + YZ =1

and the wavefunction normalised so that

: 2 2
[AS| + ]API =1
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If oo # 0 an updown asymmetxry is observed in the decay which

directly indicates parity wviolation. If there are no final

'

state interactions it can be shown that time reversal:

(69)

invariance requires [J to be zero. The expressions for

o, 8 and y are modif ied when the effect of the final state

(70)iS taken ‘into account. Such int eractions

interactions
have the effect of multiplying the s and p amplitudes by
a phase factor which depends upon the Am phase shifts and

the invariance properties of the interaction.

If time revewsal invariance holds, then

2ls|-p|
o, = cos (& = &) ;
= ls,2+‘pl2 P g’ ?

if charge conjugation invariance holds then

_ le’.lgi . P
=T ez T e

where §_ and §p.are, respectively, the s3 and »y Am
2 z
gscattering phase shiftso.

a, 5 and y and p_. the polarization of the =

can be found from the following distribution functions:

oN , - 2
3“286’3——6" = 1 + OLE OCA cOS 61, cos 61 = eP 031

aNn = | T P ﬁz Xy cos 62; cos 62= ép-ez
d cos 62
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AN

Teosy © L + & Pz Mz @) cos 055 cos 03 =%,08,
dN =1+ P g+ ~ jh
d cos 0 = Oz cos U3 cos 6 =& .l

where, é’P is the emission direction of the proton in the A

rest frame and fi is the direction of the = wpolarisation i.e.

the direction perpendicular to the production plane of the

= and

024
[y

It

o>
-

8, being the direction of the A in the = rest frmme.
From the above expressions it is obvious that to
find 02 and y_ we require polarised = 's., This means only
=7 k© events are useful because there is no complication
~arising from the intermediate resonance production. But
with only 25 events in this channel a meaningft__ll
determination of the v alues of f]_:__ and Yz cannot be made
and hence nofhing can be said zbout the final state
interactions. But for the determination of the O all

the = production events can be used as the theoretical

correlation function is independent of = polarisation.
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Figure 8.19 shows 2 di stribution of cos 01' The least
square fitting to a stmight 1line to the data gives

(74)

Using thc value of oy = 0.62 £ 0.07 we obtain

= = 0.58 + 0.151
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*

Section 8.5: Production of = (1530 Mev)in 2-body channels,
The 1530 Mev resonance in the =7 system was first
observed and reported by Bertanza et al (42) at Brookhaven

in the X P interactions at 2,24 and 2.5 Gev/c from the

study of the following recactions.

KP - k%= 7 cesene (1)
- x' =" g° ceseae (2)
- k° =°4° cerens (3)
- k' =% (4)

Subsequently its existence was confirmed by the work of

Pjerrou et a1(43)in the lﬁ{-P int eractions at 1.8 Gev/c and

by Schlein'**)et al at 1,95 Gev/c. References 35, 44,
45 al so give an account of the work clone on this resonance
by other groups.,

We shall discuss in this section the production of
this resonance via the channels (1) and (2). The other
two channels containing the =° were not analysed cue to the
jnherent difficulty in fitting a =° decay . As is known
=° decays into A° + 'n‘o, the A° again decaying two-thirds
of the time through the charged mode, P and 7 . The
possibility of the materialisation of the two ¥ rays from
the decay of the 7° into two electren pairs is quite small
in the liquid hydrogen of the bubblle charber. The heavy .

liquid bubble chamber is more suitable for an analysis of the
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=" channels. As a result of this difficulty of the
kinematical fitting of the =° most of the fittad event s

of the =° k° type are ambiguous with # p - Az x°.
Py

Also in the 201 events the ambiguity between = k

and T p - ° ¥ 7 or 7 P A° bk+ 7 could not be

resolved, =° k¥ 7 events are sometimes also ambiguous with v
° 7t 7 or A° W AT types vhen the positive track cannot bz
identif ied as 7' or k' by bubble counting. Channel (1)

can give rise to the following three topologically

dif ferent types of events:

{1a): whe_re only the A° from the = decay is seen
(1b): where only the k° is seen

(1e): where both A° and k°® are seen

It can be shown that the expected ratio of (1a): (1b}: (.lc):
is 4:1:2 because,

1) the probability of a A decaying in its charged mode
i.ce A = p+w is 2/3

and the probsbility of not observing a x° is 2/3

-

¢ Probability of observing a A° decay only is

. The probability of observing a k! is 1/3 x 1/3 = 1/9 and

the probability of observing both a A° and k! is 2/3 x 1/3

= 2/9.

L]

e « (12):(1b): (le) 32 4: 1: 2
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The ratio’'obtained from our data is

46: 12: 18
which is in good agreement with the expected ratios. The
contamination from other topologically similar events is
negligible (see section 8.2). For each of the sdbove
reaction types the distribution of the square of the

effective mass was obtained. Figure 8.8 shows the Dal itz

2
eff eff .

the axes. The Dal it z boundary is also shaown. The solid

plot of M (k) and their projections on

2 (=) _vs.' M
curves in the projected dist?ibutions represent the phase
space normalised to the total number of ewents. Cross—
hatched events are the = xF 7° type and the unshaded ones
are = @ k° type. The =* (1530) shows up quite
convincingly but mainly in the neutral mode. [Figures 8.9a
and 8.,9b show the effective‘mass distributions of the

=" 7" and = 7° systems respectively. The phase space
curves are also dré&;}n. In these distributions there is
soinga' accumulation _of‘ events at the higher mss values of
the‘éﬂ corhbihatipnn ‘;However‘the statisticé are too small

to permit.a detai1ed analySis of these events. The cross—
hatched areas co rrespond fo’events which have the mass of the
k7T systen between 840 and 940 Mev, This accumulation of
events does not seem to be due'to a kinematicai'feflection
of the 1:* fcrmation. Table X shows the bre;mhing» ratios

and cross—sections of different resonance production 'in
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-these two channels.,

I-spin of = (1530):
Some information concerning the isotopic spin

*
of the = can be obtained by examining the decay ratios,

'::‘l —’E~7T+

R, = = -

X

1 = - EP Wo
Oo-

_E = =T
and Rz— o =3
. = - = T

The expected values are R1==3.2=2for I_* = 3 and Ry =R, = 5

for I_* = 3/2, “These ratios are not useful 1n our case
because {he détaion =7 eventé is‘ not availabie, But a
similar indication is obtained from the observed produc ti.o'n
i‘atidsg The production.équﬁlitudes for the =k reaction,

starting with K on protons, can be written as fo llows:

- + [~
= 7r°,k - - A2 a3/2, 1 +a._;_§ l-ax,o:] (2)

- A ]
= 9 k- - a3/2,1+hf2 a_é_,1+~f2 a_é_,‘r) (b)

(¢}

(2)

-0 o -
=7 k - Af?.va.3/2, Tl

-+ 1 . ' ‘
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where ay .o is the amplitude for the productiion of the =

system in isospin state I from an overall issspin state I'.

If we assume that the production of the resomance occurs in

a pure isospin state and if we neglect the interference effects
with non resonant backgréunds, (a) an;l (b) predict a production
ratio

= & Oy
t- Tk ; =1 for I_* = 3/2
= k¥ o =

The observed ratio in the M__ region between 1500 Mev and

=1
1550 Mev is, in fact, ~ l.4% 0.63, This suggests (always
bearing in mind the poor Statistigs) that the IE* = 4. If
it is %; then the a%_,l and a%,o amplitudes may interfere such
as to give any production ratio for these two channels,

Again, if the a3/2,1 amplitude is neg_.li‘gible, then the

production ratio of

I
N .

= 7 K
| . =" xt o°
Spin of the = (1530)

According to a me thocl‘ suggested by Byers and Fe‘nste"r(és')
“the spin of the =* can be determmined from a density matrix
analysis of its decay. This method is only applicable when
there is no interference with the background events and the

£ . - .
= decays as a free particle, In view of our small

statistics this analysis was not attempted,
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TABLE X
Channel Resonant State Cross—section Branching
in ub ratio Jo
= x* <z <a
- - %
= k" 7° B 2.7 % 0.7 133
. .
= ° K° 3.4 £ 0.6  10.6%138
- - X
= & K° = K T 4,8 = 0.9 15,2%3
- + j: — #*0 + -
= Ko 7 @o =~ Ko 7o 17.15 + 2.93 30%6
- ok
== 7t K ° 11,63 = 1.92 20% 4,
= xt o7 = 2K ° 5.56 + 1.14 2947
TABLE XI
Resonance Mass Width Branchoi_ng ratio
o ,
*
= (1530) 1533 Mev 9 Mev 36

x* (888) 877+ 5 Mev 30:1l1 Mev . 36 + 8
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Section 8.6: Angular Distributions in 2 and 3
body channelsg:—

= et
= K

Figure 8,10 shows the angular distribution of the
= in the overall centre of mass system. It shows a
slight forward peaking. The forward backward ratio in our

23 cvents is

f+b

4l

The forward peaking of the = in X* channel has also

been noticed in other experiments, From our results it is

-t

clear that the mechanism dominating the production of =
particles is antiperipheral in the sense that the exchange
progess invoives hyperorns., According to a model suggéstéd

(66)
g

by R.C. Kin the exchange of 2 hyperon in the u channel

gives rise to a forward peak in the angular distribution
~ ot : e e
of the 2 from = K . Before explaining the exchange

mechanism we must define the s, t and u channels, The

energies in these three channels are given by

2 ' 2

2 2

' 2 2
u=(py = q)" =(p, = q)

where q and p; are the 4-momenta of the two initial state

particles and q, and p, are those of the two final state
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particles, figure 8.11, Figure 8.11 also shows
diagramatically what we understand by particle‘exchange in
8, t or u channel, The size and shape of the peak depends
on the s?in of the exchanged particle anc on the relaiive
parity of the pafticle involved. This model gives a good
fit to the experimental data at 1.8 Gev/c amd 2.2 Gev/c

X P interactions for = SPin i, fhe,number of cvents of

+.

= K class'at our energy is not sufficient to do this

analysis.
-k
==K

This channel shows a very pronounced forward peaking
of the = in the distribution of the centre of mss
production angle, see figure 8.10, The forward backward

ratio is

The events with K* mass bctﬁeen 840 and 940 Mév have been
selected for this plot. This effect was also moticed in
low energy experiments. As was stated in the = K' case,
this forward peaking can only be explained by a process

involving a hyperon exchange.,
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= ’n‘+ KQ :

Figure 8.12 shows the cént:_ce of mass angular
distributions of the =, K° and 7.  The cross—hatched
events in the'E— distribution correspond to those which
have a Xw mass between 840 and 940 Mev. £ shows some
forward peaking. The cross-hatched events in the X°
distribu{ion are those containing the =" between 1500 and
1550 Mev., The K~ shows a backward peaking .

+
X 7r°:

The distribution of the cent're of mass produc tion
ancles of E_* X" and #° are shown in figure 8,13, The
cross—hatched events in the = di stribution correspond to
those which have a K*+ in the range of 840 to 940 Mev.
Similarly the cross—hatched events in the k" dis tri bﬁti on’
are those which have a =7 mass between 1500 and. 1550 Mev.
The distributions look similar to those of = ‘o K° case

: + 4+ 0 +
except the distribution of X . In = X & case the X

distribution is almost flat.
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Section 8.7: Analysis of the 4-body = channels:-

There are three kinemtically fitizble four body

channels; mnamely,

= gt 7r"_" T (at)
= k% 7" a° (b')
= x° 7t 7 {e')

Analysis of the chammel (a') is quite straightforward,
It usuallyhas a 4c fit solution. Most of the time one of
the two positive tracks is identified as a gt by ionisation
estimate or bubble counting, The di fficulty arises in the
analysis of the channel (b') when the A° from the = decay
is not observed. These_events are sometimes ambiguous
with the % x" §° a° types. Here the distinction of the
positive track by ionisation becomes absolutely vital. Ve
shall not present any result from the last channel as it is
not completely analysed. The difficulty in analysing the
=° channels has been discussed be fore in section 8.5,
Relaction‘ (a') has only one =7 pair in the I = 3
statc whereas (b'j has two = pairs vhich are both in
I = & state. Figure 80,14 shows a tmnangular plot of Meff
(=) vs. Meff(l(?r) in I = 3 state. For reaction (p!)
there are two points per event., The dominant features of
this plot are the production of = (1530) and X' (888) which

are quite evident in the projections on the =7 anl K7 mass
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axes, also shown in the figm‘eg In the i:riangular plot

-

. - -+ . . . -
the solid dots reyresent = 7 combinations in = ¥ 7t oq
™ 0 <+ O . « . . q

and = K~ % @ channels and circles with dots inside

R - o] . . - - - (o] ]
correspond to the = # combinations in & o K~ 7 events.

!

The ¢ ross~hatched events in =7 mass pro jection corresnond to

i
i

7° events. Table X gives the branching ratios and
cross—sections for different resomance productions in these
fwo 4~body channels, A point worth noting about these
figures is the dominant production of = (1530) in the
neutral state only. Table XI gives the wvalues of the mass,
width and fractional contribution of the =* {1530) after a
Breit~Wigner resonance fitting process has been carried out
with the 81 = 7" combinations from these channels., The
corresponding values for K" (888) are also given in this
table,

The pure I = 3/2 system (5 @ ) in £ K 7 =

shows no particular mass enhancement.

E S
Search for = (1810):

. . 2
Figure 8,15 is a Dalitz plot of MZE*F vs. M Xor

has a mass between

1]

sclecting only the events in vwhich the
1500 Mev and 1550 Mev, Thg pion common to both axes is that
one not included in the E*.' There is nc cnhanccment in
the 3.1 - 3.4 (Gev)2 region corresponding to the recently

(67-68)

E , .
reported = w (1810 Mev). In the 3~body channels,
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namely the = o1 X° and = XK' 7° there is also no evidence
of 1810 Mev in its =m decay mode, (figures 8.9a and 8.9b),
To check for its =n7r decay mode, the effective mass of Eﬂﬁ
combinations from channels (a') and (b') are plotted in |
figure 8.19, Again there is no enhancement in the region
of 1810 Mev. The shaded area corresponcs to events
containing K* between 840‘and 940 Mev.

A search for this resomance was also made in the
AKCPR® and AKTKT channels, = Figure 8,17 is the Dalitz
plot for these reactions, Two points are plotted for each
AK°K® event both in the Dal itz plot and its projection, In
the projection the shaded area corresponds to‘evénts whe re
¢ is produced with a mass of 1010 to 1030 Mev, There is no
indication of the decay of 1810 via the AK mode,

We conclude thqrefore'that =" (1810) is not
pfoducéd at our energy. The upper limit on the production
of 1810 can be put as 1ub, The production of yet anot her
(68)

*
= (1705) is also not observed in our data. The upper
limit on the production cross—section of this resonmance in

our data can be put as 1lpb.
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Angular Distributions in 4 body channels:-

Figure 8.18 shows the centre of mass production
angular distribution for the E*o,_ in the band 1500
< M(=m) < 1550 Mev, The cross-hatched events correspond to
-the events containing K* in the band between 840 AMev and
940 Mev. There is a slight indication of forward peaking
when the E* is pfoduéed in associction with a K*a The
bottom hali of the picture shovs the production angulé.z:
distribution of the K* in the region of 840 to 940 Nicv.
The shaded area correspond to the events containing a E*
between 1500 and 1550 Mev. Again there is nothing striking
about this distribution apart from the backward péaking_ of

e *
the X produced in association with the = which has been

described hove.
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Section 8.8: Verification of the SUJ predictions:

5U, predicts the following cross—section relation

(F P =K ) =(X"P - = KN+ (X P -3 79

If we use¢ the result for the T P reaction at 3 Gev/c (72)

and the K P reaction at 3.5 Gev/ec, we get

(15 = 5) = (9.4 + 3,2) + (11.0 = 3,0)

Ub

1f we assume that there is no abrupt change in the cross-—

section from 3 Gev/ec to 3.5 Gev/c for the 7 P interactions,
the'reéult given above is in agreement with the SU3 prediction
within errors.

Another SU3 ¢ross—section prediction is

Hoe

)

*“

1 ) = (X P -kt

i}

(K" P-oa' Y

éoth the cross~sections obtained at 3.5 Gev/c are less than
2ub.  SU, predicts that the cross—section for @ P=i' f‘
should also be equal to the above cross-section, The wvalue
obtained in 3 Gev/c ﬂr P experiment is 11 = 5ub. ?his is
two standard deviations away from the above result.

The experimental angular distributions for the.

2 and E also show somewhat similar behavicur i.e. a

forward peaking effect (see figures 7.1 and 8.10).



— 143 -

But if we tzke the = K #° and ¥ o o° chapnels the
angular diétribution of the =" and ¥ look dif ferent
(see figures 7.4 and 8,13). = is still pcaked forward
whereas the S is peaking Backward. As was explained in
section 7.3 this backward peaking in the ¥ distribution
comes from the intermediate production of Y: {1405), =
shows a very strong farward peaking when the = K*+ event s
arc selected (see figure 8,13) but the T~ p+ distribution
looks almost flat (see figure 7.4a). The oroduction of

W : -
= in the 4 body = channel is negligible, hence we can

only compare the production amgular distributions of Yf-

in ar" 7 7° (see figure 7.7) and the of Ny}, in B 7% 77 n
(see figure 7.11). YT“ dis tributi on shows ?edking in both
the forward and backward directions thle the N3/2*~ shows
just a dight backward peaking., Hence we can draw the
conclusion that the SU3 predictiops about cross—sections

are obeyed within statistics whereas the experimental angular

distributions are not always consistent with the thcoretical

predic tion,
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CHAPTER 9
- DISCUSSION AND CONCLUSION

Secti 9.1: T ch 1s, Yo ant
ection 9-1: channels, Y, an 372

s° oty

Figure 9+1 shows a plot of the total cross—section
for 2 o production vs. the incident momentum, Though &
production is a dominant feature at low energies the d
cross—~sgection falls rapidly with increasing incident
momentum, This should Be compared with the 2+ T produ;tion
cross—section (same figure) wvhich does not fall so abruptly.
The cross-section ‘at 6 Gev/c(77)is a provisional figure,
As was stated earlier this can be explaired by a K* exchange.

nechanism.

STt St amd Y A
Table XII gives the cross—sections of these
channel s at di fferent energies. |

The mass and width of different resonances found in these

channels tally quite well with those found at lower energies.
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Y, (1385 Mev):
*— .
Though Y, production is the dominant feature of the
three body channel Crta up to an incident momentum of 1.5
Gev/c it becomes negligible at higher énergies, see figure 9.2,
* - *
where Y1+ production dom_inates indicating a X exchange.
Hm I
The dominance of the Y, production at low energics can be

explained by a nucleon exchange in the t channel.

N'" (1238 Mev):
The only indication of the productién of N'T is
found in the K° w 'n‘-k n final state. Again as in the other
K° channel s the production of K (888 Mev) is the dominant

feature. There is no evidence of a peripheral production

¥ e
of N3p

. * 4 =0 - .0 .
production process of N3/2 in the K" P 7 % channel, This

in contrast with the peripheral mechanism in the

E T
is not surprising in view of the negative charpu of N3/2

which can only benefit from a nucleon exchange,

Section 9,2: = Channels:

= Mass:
Table XIII gives the mass of the = detemined in

different bubble chamber experiments. The average value

of = mass from all these results is

M_~ = 1321.1 & 0.3 Mev

b=
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The decay parameters of = :

Table XIV gives the values of a_~ [S_= +y_~ and (b.—_"'
. = = = =

found in dif ferent experiments. Our result only gives
o_ for reasons discussed earlier, Our value of a_~ agrees

quite well with the average value of o_- given by

e =~ 0.48 % 0.05

Figure 9.3 shows the plot of total cross—section for
=" k" production vs. incident momentum. The cross—scction
first rises from 1 Gev/q for the value of the incident momentum
to a2 maximum at about 1.6 Gev/c, then it begins to fall.
Figure 8,10 displays the most striking feature of = K'

production namely, the forward peaking of the = .

*
=2 g%
The total cross-section is plotted against the beam
e : :
momen tum in the figure 9.4, = production cross—section

is very small at our energy. There is a2 marked accumulation
of events at high =nr effective masses,
= K& #¥:

The cross—sections of these channels are plotted
against the beam momentum in figure 9.5 It rises from

P = 1.5 Gev/c to a maximum at 2.1 Gev/c then falls slowly.
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4 body = channels:

Table XV gives the cross—sections cf thesc chznnels
at other energies. One would ﬁotice the slight increase
in the cross-section as the incident beam energy increases
The dominant features at 3.5 Gev/g XP expe;1ment are the

* (1530) and K© (888) productions There is zlso some

) . s %
associated production of = and X , see Table X.

* (1600 Mev):

The 1600 Mev =* which according to Gilashow and
Rosenfeld(53)wou1d be the doublet in the é/z“ ¥ octet of the
baryonic resonances was not found in the3.5 Gev/c IL'P

experiment. The upper limit on the cross—scction of

I

production of =" (1600) can be put as 2 ubs Two members

of this octet (namely the Y: {1520) and N* (1512) vhich could
be viewed as the "ground" (i.e. the lowest angular momen tum)
state of a different Regge trajectory have been found. The
very low partial width for E* (1600) -» =wr suggests{that an
alternative decay mode may precdominate (such as = + v, =
or AX). The spin parity of Y: (1520) and N (1512) have
been definitely established as 3/2°. Though some authors(sz)
favour a spin parity of 3/2 for Y (1660) ,our data favours

a posltlve parity [see section 7.3]. Hence, we do not

agree with the assignment of the Y1 (1660) as the triplet

in the 3/2° octet., However, our result does not say anything

about the spin o£ the Y (1660).
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TABLE XII

st o a° T at a° 5T wt T 7w S o a1 S owa

Beam Momen tum

in Gevle | Cross-sections in mb
2,24 0667 0.49 0,15 . 0.18 0.09 0.06
1,47 1.2 % 02 C.9 £ 0.2 . 0.2 & 0.04 0.l & 0,04
1,22 0450 & 0.04 0,45 #-0.04 0,11 & 0.2 0.08 + 0.1
1,51 0.93 £ 0,07 0,93 & 0.07 0,25 x 0,01  0.25 % 0.01
0,620 0.2 % 0.13 0.4 % 0,15
0,762 0.7 £ 0.1 0.8 £ 0.1
0,850 06 & 0.1 07 & 0.1

3 0,37 0.24 0,24 0.21 0.18 0.18

~bhi-
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TABLE XIII

Laboratory K beam Mass of =
momentum (Gev/c) (Mev)
CERN | 1,46 1321 % 0.65
Ecole Polytechnique 1:45 132144 + 0.6
Brookhaven 2.24 1321.0 = 0.5
Brit ish Collaboration 3.5 1321,0 = 0.2




TASLE XIV o
Laberatory Beam Mome atunm o ﬁz—_ Y=~ ¢EP
CERN 1,46 Gev/c 0.73 & 0,21 0.44 % 0.36 0.52 + 0,42 257 +30
LRI 1.1 - 1.7 Gev/c 0.1 0.08 - 0.08 + 0.26 0.91 + ~5° ﬂ-_iS'
UCLA 1.80 + 1.95 Gev/c 0.64 £ 0.13  0.65 & 0.16 0.41 2 0.28 53° 224
Ecole Folytech. 1,45 Gev/ec 0.44 % 0,11 =~ 0,24 £ 0.53  + 0,87 & 0.05  =16" x3
Brookhaven 2.24 Gev/ce 0,49 0.16 -~ 0.02 = 0,22 0.87 & g:ig ~1° 1§

3.5 Gev/c 0.15

British Collab.

-T851~-
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TABLE XV
Beam Momen tum = K+ 17'+ T = Ko 'IT+ 7T°
in Gev/c ;
Cross~section in /b
2045 - 207 509 11.5
340 14 + 4 14 = 2
305 19.9 &+ 4’1 3609 + 10.2
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%
= (1705) and = (1810)

Thic experiment has shown no evidence for the

%* 3% .
existence of the = (1705) and = (1810). The upper limits

il

of their prcduction cross-section have been quoted before,
(section 8,7), The E_{"P experiment by the French-Dutch

collaboration( 76)

at 3,0 Gev/c has observed the AKC decay
%
mode of the = (1810). The best values of the parameters

given for this resonance in their paper are

M 1814 = 4 Mev

I

12 + 4 Mev

i

The production cross~section quoted for the different possible

£
decay modes of the = (1810) are:

AR® £ 11 & 3 ubi

= @ = 1.5 £ 1.5 ub

==t 4° = 0.0 £ 1.5 ub

These values should be compared with the values given by

(67,68)

the Berkeley group. They are

M = 1817 x 7 Mev

= 60 Mev
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and for the cross—section,

AR®T = 11.4 % 2.6 ub

=75 = 10.8 % 2,7 ub

= " 7> > 1.1 pb

* o .- ) o
= (1530) 7 ° = 3.0 x 1.5 ub

The results for the Aﬁouand == 70 7° modes for the two
groups are in agreement. There is some disagreement on the
=r mode, vhere the Berkeley group finds a lérger branching
ratio. Also in the French result, the MK effective mss
does not show any enhancement in this region in contrast with
the Berkeley result. These discrepancies make the existence

&
of the = (1830) quite doubtful.

*
= (1970 Mev):

Because the first Regge recurrences of some mambers

+

of the 1" octet and 3/2% doublet have already been seen, one

predicts the existence of 2 =7 resonance at z mass of

~ 1970 with J* = 5/2%. This can be included in the octet

* * *
containing Y, (1815), N (1688) ond Y1(188?)553) The
6)

K P experiment at 3 Gev/c(7 has observed a bump 2t this

region in the distribution of =" 7t effective mss from
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—-h_ + O -*
= 7 X eventis., The beet estim tecs of the parameters of

this resonance that they give are

M 1933 + 16 Mev

140 + 35 Mev

i

In our data we get a sl ight bump at 2050 Mev/c2 (see the

= ,”_9 mass distribution in = X' #° channel in figure 8.9b).

. -+ . . . . .
Also in the = 7 mass distribution we notice a. concentration

of events in the higher mass values of the = 7t combination.

L sk
These might be the indications of the production of the = (1933)

considering the finite width of the resonance,
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Section 9.2: O~ production:—

A11 the fil:m  was searched for the evidence of the
production of © and its subsequent decay. But no event
which could be interpreted as the production and decay of
7 was found., The upper limit on the cross-section of O
production in 3.5 Gev/c XK P interactions can he put aslyb with
90% confidences,

So far, only a few examples of producfion have been
obsefved. Therefore the € spin is still lef! o be determinod.
(of course, if we believe in SU3 it must have a éiﬁin tarity of
3/27). A measurement of its parity would be more diffienlt.
The § has a pé.rity non conserving weak decay so the decay
cannot be used for parity determimation. Therefore one has
to design a strong intcraction experiment whence the parity
can be detemined, DBut in the meantime ‘we hope that the
statistics on I production will improve and a spin determ-
ination can be made., If the spin is found to be 3/2 there
will be very little doubt about the fact that it has a
positive parity.

To summarise all the results presented in the thesis

we conclude:

s
In two and three body final states st and Yl'.*'
\aad ,:‘“"‘ . »
productions dominate over those of X and Y1 indiczting a
* 3 .
possible X exchange., The negative hyperon production in

the above cases might be mediated through a baryon exchange;



~ The angular G&i stri.butions for the negative and positive cases
are very different. In higher multiplicity final states we
get an almost equal amount of negat'ive and posit ive 2's and
Y;"s. They also show similar angular disiributions.

The masses and widths of dif ferent resonances found
in our data are consistent with the accepted values. A
positive parity for the Y,: (1660) has been suggested.

Within errors SU3 predictions’ about crods—sections
for different multiplets in the U = 1 doublet and U = 3/2 qunrtet
are consistent with the experimental results, However, though
SU; predictions about angular correlations are obeyed in two
body = and = cases, they are violated in the three body
channels and also in the angular distribution of Y,;— and
N:;z in the four body final states.

The production of = is most probably medizted via
a hyperon exchange, We have detemmined the value of the

= mass and its decay parameter CG_-—. They are in excellent

(75)

agreement with the accepted values. The cross-section

for neutral -':’* production is largef than for charged E* in
both the three and four body channels:* E* production cross-
section is much higher in four body final state than that in
the three body. K* is also produced strongly in three and

. * *

four body channels. The masses and widths of = and K from
our data agiee well with the accepted values. .
We have not seen an exmmple of a production. The

upper limit on its production can be put as 1 pb.
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FIGU2E CAPTIONS

Fige l.la Plot of I vs. Y for 1% Baryon octet.

Fige 1.1b Plot of I_ vs. Y for 3/2% Baryon Decuplet.
Fige 2.1 Flow Diagram of the 3.5 Gev/c X P Experiment .
Fig. 2.2 The layout of the 3.5 Gev/c X beam.

Figo 2.3 . | The Geometrical layout of the chamber windows

and also the coordinate systcin usec.

Fige 2¢4 The optical layout of the measuring machine.
Fig. 3.1a _

Fig. 3.1b A 421 event.

Fig. 3.2 Fiducial Volume for the ''common' events,
Fig. 3.3 Sketches of associated and unassociated V©,
Fig, 4.1 Criterion of sdecting between circle and

parabola f{fit,.

Fige 4.2 Histogram of film measurement corrorz for
969 tracks,

Fig. 4.3 XZ distribution for 4-c fit for ¥ events
and also the probability distribution for
5 events.

Fig. 4.4. Stretch'functions for P, N\ and ¢ of the
non—decaying seconlary tracks of the

4-pronged % eventsi

Fig. 6.1 L/P plots for ¥ and = events.
Fig. 6.2a. - Forward-Backward angular distribution for

"~
-

= events,
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Fig.6.2b.

7.1

7.4b

7.5
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Forward-Backward angular distribution for
E— er=2nts,

AP vs. L plots for different momentum ranges.
P

X, Y, Z Distributions of the production apices
of = cvents.

Apex reconstruction errors.

Distributions of p, N, ¢ for the 3.5 Gev/c X~
beam and the distributions of their errors.’
Angular Distributions of 7 #* ovents and

a K* exchange diagram,

Missing masses for 217 0 and 41T 0 events.

2$ 7t effective mgss'distribution in

2¢ 7* 7° channels.

Centre of mass production angular distribution
for & in 8 @F 7° £ina1 state. The cross=
hatched area corresponds to events where p+ is
produced.

Centre of mass production angular distribut ion
for 37 in =Y 7~ #° final state. The cross-
hatched aréa corresponds to events where‘p~

is produced.

5 7" 't effective mass distribution in

s~ ot &% #~ channel.

A effective mass distribution in An* T ”p

final state.
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Fig. 7.7o _ Centre of mass production and decay angular
o distributions of the Y; in A" 7~ a°
Fige 7.82 The definitions of Sl’ SZ’ 53 and Treiman-
Yang angle (¢). B is the direction of the
decay product from the resonance, fi is the
normal to the production plahe of the
resonance, I is the direction of the incideunt

particle.  All these quantities érg defined

in the regst system of the resonancc.

Fig. 7.8b Treiman-Yahg Test for single pion exchange.
FPig. 7.8¢ Extended T.Y. Test for vector meson exchanga.
Fige 7.9 Sl’ Sz, S3 and T.Y. angle disiributions for

*_ ——
Y.~ (1360-1410 Mev) from artoa w7,
Fig. 7.10 nr effective mass distribution in
ﬁo ﬂ* 7 n final state.

Fig. 7.11 Centre of mass production and decay angular

7O

*- -
distributions of the N3/2 in ¥ ﬂ* T D,
Fig. 7.12 Sl’ SZ' 53 and T.Y. angle distributions for

Fig. 8.1 A picture of a = production in the reaction

KP -z K7t
Fig. 8.2 Flow Diagram of the kinematical fitting of

a 211 event.

Fig. 8.3 Missing mass squared distrilLutions for E events

Fig. 8.4 The mass distribution for =

Fig. 8.5  Ideograms of = mass and mass squared.



Fig. 8.6

Figo 8.7

Fig.

Fig,.

Figo

Fige

Figo

8.8

8.9a

8.9b

8.10,

8,11

8,12

8.13
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-

The mass distributions for A°,
Ideograms of A° mass and mass squared.

Dalitz plot of Mz (=) vs. MZ (Kr) in

—

== 7" X° ma = K'Y #° channel s and the

=3

projections . In the Dalitz plot circles

with dots inside represent =~ ¥ 7° events

: - 4+ 0
whereas dots represent = 7 X~ cvents.

In the projedtions the cross—hatchsd events

+
are from & K ﬂp channel ,

= 7 effective mass distribution in

== 7 x°. The solid curve represents the
phase space normalised to the total number
of events insicde the plot.

- 0 . . . .
= 7 effective mass distribution from

= 7° K+ channel, The solid curve is the

normal ised phase space,

Centre of mass production angular

. . . s == 1. = -+ — ¥+
distributions £ = in = K and = X
systans.

Definitions of s, t, u channels and particle
exchange in these channels.

Centre of mmss production angular distributions

. = + 0O
in = wm K channel,

Centre of mass production angular distributions

-

in = K+ 7° channel.



Figa 8914

Fig. 8.15.,

Fige 8.16

Fige 8,17

Fig. 8.18

Fig. 8,19
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Triangular Plot for M (=) against M (Xw)
in I = 1 state from = k' 7" 77 and

= x° 'IT+ 7#° final states and the projections.
* 2 .
Dalitz plot of M° (= @) vse M> (&)

-3
selecting = between 1500 and 1550 ilev,

. Efifective mass distribution of = sys tem

. -t + - - O o
inz X 7w mw and = XK 'ir+ ar~ channcls.,

Dalitz Plot for Mz (AK) vs., Liz (KK)

A+ ° 0
from AK" X and AKl Kz

projection on the AK axis., The cross—hatched

channecls z2nd its

area in the projection correspondis to events
vhere ¢ is produced.

Centre of mass production angular distributions
of = system in the I = 3 state in the intervai
1500 <M (=) < 1550 Mev and of K7 system in
the interval 840 <M (Kw) < 940 Mev from

= XK' 7" 7 and =7 K° #° 7 channels.

The shaded events correspond to those in

b *
which both = and K and procduced.

it

Distribution of Cos 0, where

{1“% is the direction of A ir the rest framc

of = and ('ip is the direction of the proton

in the rest systan of A.
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Fig, 9.1 Plot of cross—sections of S° 7' states

against incident beam momentum,

¥t F
Fig. 9.2 Plot of cross—sections of Yli o slates

against incident beam momen tum

Fig., 9.3 Plot of cross-section of = K state

against incident beam momentum.

. . KO, 0, + .
Fig. 9.4 Plot of ecross—section of = ' X' against
incident hbeam momentum,
. ; . - ot . .
Fig. 9.5 = Plot of cross—section of = K& 7% against

incident beam momentum.
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