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(ABSTRACT)

The K°, K*(892), p°(770) and ¢(1020) mesons along with the A® baryon have been ob-
served in the TRISTAN energy region of 50 to 61.4 GeV using a data sample of 245.4 pb~!.
Their multiplicities and total cross sections are found and compared with the results from
experiments at other center-of-mass energies. The multiplicities are compared with various
theoretical and phenomenological models. The differential cross sections for the K° and A°
are calculated and compared with other experiments. Measurements of the ratio of produc-
tion of vector mesons to vector plus pseudoscalar mesons and the ratio of the production
of excited s3 quark pairs to the production of excited w%@ plus dd quark pairs are compared
with other experiments along with the phenomenological predictions. The HERWIG Monte

Carlo is tuned with regard to the inclusive production of hadrons.
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Chapter 1

Introduction

The data used in this dissertation were taken at the TRISTAN (an abbreviation of the
unwieldy name “Transposable Ring Intersection STorage Accelerator in Nippon”) electron-
positron collider. Located at the National Laboratory for High Energy Physics (abbreviated
as “KEK” in Japanese) in Tsukuba Science City, TRISTAN first became operational in late
1986. At this point in time it was the state of the art in electron-positron colliders as it
exceeded the collision energy of the PETRA collider at DESY. Not to be outdone, CERN
got into the game with the Z° factory called LEP (Large Electron-Positron collider), which
went on line in July, 1989. Nevertheless, in spite of the higher energy of LEP, TRISTAN is
unique in the energy range that it is exploring; thus, it is still very capable of doing original

physics.

At TRISTAN there are four areas where collisions are allowed to take place. Located at three
of those sites are the general purpose detectors known as AMY, TOPAZ and VENUS. The
fourth site was reserved for the now-defunct SHIP detector which specialized in searching
for highly ionizing particles. The AMY detector, from which the data used in this thesis
were taken, was designed with the idea of making it compact through the use of a magnetic

field that is up to 6 times stronger than the magnetic fields in other similar experiments.



The AMY detector was also designed with the intent of easily identifying leptons. The
analysis in this thesis was performed on data with a total luminosity of 240 pb~! taken over
an energy range of 50 to 61.4 GeV, with over 195 pb~! of the data taken at the single center
of mass energy of 58 GeV. A more detailed description of the AMY detector is provided in
chapter 2.

As for the rest of this thesis, it will proceed as follows:

¢ The rest of the first chapter will provide some background on the Standard Model and

the motivation for this thesis;

e Chapter 2 is devoted to a description of both TRISTAN and AMY as well as providing

the statistics of the data sample used in the analysis;

¢ In Chapter 3, the software routines that provide the backbone for this dissertation are

described;
e Chapter 4 details the methods used to find both K28 and A% and their results;
e Chapter 5 contains the analysis of searches for K*(892), p(770) and ¢(1020) particles;

¢ Chapter 6 deals with tuning the HERWIG Monte Carlo hadronic event generator, a
set of computer routines that will be dealt with in detail in Chapter 3;

e The concluding chapter summarizes the results of the previous chapters.

1.1 The Standard Model

Currently, experimental high energy physics relies on the theory known as the “Standard
Model.” This theory, a combination of the Glashow-Weinberg-Salam model [1] unifying

the familiar electromagnetic force with the weak force and Quantum Chromodynamics



(QCD) [2], the model of the strong force, has withstood every battery of tests thrown
at it. In fact, its success has been quite remarkable. The basic premise of the Standard
Model is that everything in existence boils down to interactions between spin 1/2 particles
mediated by spin 1 particles; included with these interactions is the Higgs mechanism, which
introduces the Higgs boson and the concept of symmetry breaking. The spin 1/2 particles
are subdivided into the two classifications of “quarks” and “leptons”, each of which has its
own anti-particle. From the standpoint of the electroweak portion of the Standard Model,

it is an easy task to further subdivide the quarks and leptons as shown below:

c i
d s b
L L L (1.1)
Ve v, vy
€ L H L T L

where the subscript L means that these particles have a left-handed chirality and couple
with the W* gauge boson. There are also the right-handed singlets which couple with the
Z° boson:

T uR,cRr,tR,dR, SR, bR. (1.2)

The top group of particles in Equation 1.1 (and in the right part of Equation 1.2) are the
quarks. In each pair, the upper quark has an electric charge of +2/3 while the lower quark
has a charge of —1/3. The bottom group of particles are the leptons. The upper lepton
in each pair is a massless particle known as a “neutrino” and carries no charge (it is also
purely left-handed). The bottom lepton in each pair is massive and carries a charge of
—1. Each quark pair is associated with the lepton pair below it and the quartet is called
a “generation”. Currently, there are only three known generations, as depicted above.
Additional generations have not been ruled out, but it has been found at LEP [3] that there
exist only three generations that have a neutrino with a mass less than 45 GeV/c?. While
this summarizes the electroweak aspect of the Standard Model, the QCD part requires
that each of the quarks come in three colors: “red”, “green” and “blue”. Thus, there

are really three quarks for each lepton. In addition, each quark and lepton has an anti-



matter counterpart; for example, the anti-matter counterpart of the electron is the positron
while for the up quark it is the up-bar quark. Mediating all of the interactions among the
quarks and leptons are spin 1 particles known as “gauge bosons”. For the electromagnetic
interaction the gauge boson is the photon, v, while for the weak interaction there are
three mediating particles known as the Z° and W* bosons. The electroweak portion also
requires the existence of yet another particle called the Higgs boson (H®) which has lately
gained the absurd label of “The God Particle” [4]. This particle is a manifestation of the
mechanism responsible for the splitting of the electroweak force via symmetry breaking into
its two component forces at low energies and also accounts for the masses of the electroweak
particles. Finally, the strong interaction is mediated by eight massless, electrically neutral

but color charge-carrying “gluons”. QCD will be discussed in more detail in Section 1.2.

Despite the successes of the Standard Model, it has generally gotten a “thumbs down” from
the physics community. Aside from the lack of gravitational interactions, the Standard

Model possesses quite a few deficiencies:

o The values for the masses of the quarks and leptons remain unexplained;

¢ No reason for why the electron and proton charges are exactly opposite is given;

¢ There is no reason given for the observed asymmetry between matter and anti-matter

in the universe.

The list goes on, but an enumeration of all the shortcomings of the Standard Model is not
the province of this work. Suffice it to say that the major efforts in particle physics are
devoted to finding deviations from the Standard Model or evidence of physics beyond it.
To do this, the full implications of the theory must be understood, a situation that has not
yet arisen. This is because at the heart of the Standard Model is QCD, which is where this

thesis comes in to play.



1.2 QCD and Monte Carlo Methods

The difficult with QCD lies in the current lack of understanding of its non-perturbative
regime, which accounts for the spectra of hadronic particles and their interactions at an
energy scale up to about 1 GeV. What that means is that within a very small region (less
than the radius of a proton, for instance) quarks do not really pay attention to each other,
at least as far as the strong force is concerned. But as the quarks separate, the strength
of their attraction to each other due to the strong force increases. This is known as quark
confinement. So now the question is, “How does quark confinement affect the data taken
at TRISTAN?” To understand this, a typical QCD event must be examined. In such an
event, the electron and positron annihilate each other to produce a virtual gauge boson
(either a virtual photon or a virtual Z°); this boson can subsequently produce a quark and
an anti-quark. The large amount of energy pushes the two apart. In order to maintain
color confinement, a quark—anti-quark pair'will arise from the sea of energy in a process
called “quark fragmentation.” Another way for the system to rid itself of the stress is for
the quarks to radiate gluons in a manner similar to the electron bremsstrahlung of photons;
unlike photons, though, gluons can couple to themselves (since they carry a color charge)
meaning that one gluon can branch into two gluons. These processes are represented by
the diagrams in Figures 1-1 and 1-2. This portion of the event is well understood through
the use of the perturbative aspect of QCD; unfortunately, things soon get complicated.
The whole system will continue to stretch out and create more and more quark-anti-quark
pairs and gluons until the amount of excess energy is not enough to overcome the desire of
adjacent quarks to team up and form independently existing particles known as “hadrons”;
this is called “hadronization” and these events are called “hadronic events.” There are two
types of hadrons. One type, called mesons, are composed of a quark and an anti-quark. The
quarks are such that their total charge adds up to an integer and their colors are exactly
opposite so that they cancel, i.e., if the quark’s color is blue then the anti-quark’s color is

anti-blue. The second type of hadron is a baryon. A baryon is made up of three quarks



whose total charge adds up to an integer. One quark will be red, another will be blue and
the third will be green in order to satisfy the requirements of QCD; naturally, an anti-baryon
is made up of three anti-quarks whose colors are anti-red, anti-blue and anti-green. In a
hadronic event, the mesons and baryons have, in general, been created along the paths of
the original quarks’ momenta. The resulting event looks like two jets of particles in opposite
directions, as seen in Figure 1-3. It is also possible for a radiated gluon to have enough
energy of its own so as to create a third such jet as seen in Figure 1-4. Similar processes

can lead to events with even more jets.

So, where does the non-perturbability feature come into play? The answer to that lies in
what is known as the strong coupling constant, as. The probability of a quark or gluon
radiating more quarks and gluons is equal to ag. The expression for ag to second order
is [5]

127

) + 6733750 In(In(s/AZ 7))

as(s) = (1.3)

(33 — 2ny) In(s/A3
where /s is equal to the energy of the system, ns is the number of available quark flavors
at that energy and Agpz is the QCD scale parameter. Clearly, as the energy of the system
decreases, ag increases, implying that it is a “running” coupling constant. This behavior
is shown in Figure 1-5. While the expression above is not exact, it appears that in a
hadronic event there comes a point when the available energy is so low that ag is very
nearly 1, meaning that the perturbative techniques used in fragmentation do not apply.

It is technically difficult to calculate what is going on in this situation, which is where

experimental analyses such as this come in.

To make up for any ignorance of the goings-on in a hadronic event, Monte Carlo event
generators are employed which try to simulate phenomenologically the actual processes un-
derlying quark fragmentation and hadronization. The idea is that if enough hadronic events

are simulated on a computer then they can be compared to the actual data. Monte Carlo

1t is also possible that a diquark-anti-diquark pair will arise; this construction of four quarks forms the
basis of baryon formation in the Lund model, which will be discussed in Section 3.1.1.



Figure 1-1: (a) Feynman diagram for e*e~—qq, (b) Feynman diagram for ete™ —qqg



Figure 1-2: Feynman diagrams for eTe~—qqgg


















































































































































































































































































































