* CHAPTER I

INTRODUCTION

*x This i= mostly a review of earlier works.



I.1. Introduction - Background and Objsctive :

DPuring the last two decades, the devé@bpments in péftic}e

physics bhave mostly centred around  gauge symmetries of particle

interaction%. It is now genérélly be]@eved thati,Quantum
Chrémodynamics (9CD), the gauge theory of cplnur- _;SUﬂS),
describes ‘thé strong interactions of particles~. whi}éa__the
Saiéé—Weinbérg—Glasth EU(Z)L x Q(l) ga;ge thé?ry deéégibés

their weak and.eléctfbmagnetic interaCtiéns..Q fuftberugﬁép{iéntﬁe
directicn’of.fiAding'a complete and funda@éntal’&aw}ffpr f¢;;tic1e.
“interaction will be to try taiuni?y these fnrcésl_'éﬁ._ﬂnfe;sive
study of 8CD and thé'interquark inté;éctian,, in"pafgiéuigrjf.may
prnvide'uée&ul informétion in our qQést fDr-aisﬁc;eésfu},fﬁéqr?jéf
uni fication. The reﬁeﬁtly' discévered quarkonium :stétéé ﬁfésent
obiects éf‘great interest in thié connection. (
'The quarkoniu& spectroscopy pravides & field wﬁeré.the.éongébts
‘of GCD could be tested. enperiméntaliy. 'Déep-lne;astiég;LeptBn
5&attering processes have already provided -some cohfirﬁaiion of .
the ﬁer{urbgtive QCD,. The qqar#opium spéct}oscaﬁy . h;é ‘the -
potential 'Gf'becoming anéther field, within -the' ;%ﬁge iqf :our
eﬁﬁerimentél capabilities, wﬁére gcb ﬁay be; testediiquaii;a£i991y
at all distance scales. The. résults pbtained 5;~ #ar ;eﬁd to
confirm the expectaﬁioﬁ that ®&CD is tﬁe<m05t promising ;éﬁdjdatg
for a dyna&i;al theory of étrong.interaéfions. it is a‘#qﬁiageléan

local gauge‘theory'wﬁich describes the interaction bf’quaﬁksliwith
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vmgésléss colﬁured spiﬁ 1 éaugé basbns;'thé leaﬁé;-UB?i&é;iﬁi;QED;
tﬁe effective Eoupling‘cdnstant iﬁ QCD_ becpméé% feéblé?fét Ji;rgej
mamen{u@ transfers | at 5hor£—diétaﬁceé ),'ISD £ha£::quérk5 no
}nnger'interac£i strongly at small interguark ~sebarat‘ions.“-'.!'hig
concept' of aéyﬁptotéc vFreedDml %5- cnnsistent' 'witﬁ the
\deep4inéléstic scattéring 3'l'E»5|.¢}t,-_=,.~2 In Q€D, the {hrée éolours o%
a guark are assﬁmed to transform as a fundamental rgp#ésgﬁtétibﬁ
whereas the gluoﬁs "tfansfurm  é; ,én ‘adjdint"represéﬁfﬁtioé 'afk
SU(E)cf An imhnrtant constraint on tﬁe thenryAis that~ e1Eméﬁtary
coloured qguarks and glﬁons are not directly obsérvaﬁlé 1in ars
experi@ent. Thus £he bbservedl'bound states are suﬁpoéedfxio"be
singlefé-in‘the culnuf-spacé. | |

In QCD calculations, the results of a pérfdrbafion‘Athéé;y
are expected fo be accurate for .igrge mahéntum‘:utfanﬁfgfsi‘
ASince tHe‘effEctive quar k glppﬁ coupliné .becomés smaif"‘at‘ihiégz
energies, the éne—gluoh—exchangé term dominates the poﬁentiéi:‘and‘
the interaction potential isAfoughly of thé cédlomb ﬁ?pé'.v%rs ~
i/y. However, perturbative 8CD épés not give aﬁy, Explanétib;-jof
the quark confinement. The genefal éxpectation is tha€ at‘$ .lérée
separation, ﬁuarksxfe91 éﬁ increasingly 'st}éﬁé :fésgd?ing’linréé‘
which is responsibie for their confinemeng., ' Thé 'Cpn#ining
ﬁypothesis now seems.tb Qe an essentixl inééadéen?: fqh Suilding
models of quarkopia.'ThE in£eractiDn is éupgoséd;;o g&aranteéhihat
=11 hadronic 5£gte5 observable in nature are colbur siﬁgietéﬁiffbe
"lﬁrge distance -part of the potential is, >howe§er; 'nof-{Q;t”
determined .accuratgly.>1t5 behavior may bé 55 given'“b*‘Qi'{he 
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string; and flux*tube& moaeié, gattiée gauéé"tbeqfiéss pfn;ide
some useful éﬂ?dance ﬁere; It‘iszhbt yet clear whethér: tpe-lraté
_ Qf‘groﬁthlof the potential is lngarithmitb,‘pr '%ome 'poﬁé;7{a:”bf
distance. A éapuiar belief is £5a£ the poténtial rises linearly
'with-the igter—qua%k' distance, i.e. Vir) ~'MF1QBére k is ﬁhe
'striSQ goﬁstant, a behavior ;}sb expeéted from Wilson’s'afea (law.
Nhiie the ;hnice bf»the }Dng‘di5tancE patgntial gets seme'guidancé
from our theoretical bias, practically not much is known abéut the
nature of the potenfial in‘thg‘intermédiate range.kThisy ié_“ﬁhere
the heavy quérkonium ~§péctraécopy ﬁroves_ to: Be - useful. iThe
spéctrogcopy carries‘informatiéﬁ abquﬁitheiéhage of tﬁé theﬁtial
at all distances, including the c;nss;over reg{bn; i.é.Tiﬁ‘fﬁe:gép.
between the one—gluon-exchange poteatial aﬁd thé}k-éqnfiﬁing
theﬁtiél.

It may be recalled that_the Eéistence qf five ?iavn&}s.iof
'quafks £ Q,dscsé1bj) h;s so far been found to ﬁgi.consistént ‘wfth
the experimentél fesu1£5.'Hawe§er5 on fﬁeoratical grounds, agsixﬁh
massive guark { top éuérk ) isfessentiai for the éténﬁérd ;tggée
gereration model. ” Qlfhp&gh the top quark is yet to be aiéco§ered,
the'searcﬁ is on, particuiarly_ fo} the topanid& 'sta£es, which
would have properties 'siﬁilar to yw and Y 'sysfems, A1l these
states should be desCriEed fair;y accurétely by the Schrﬁdiﬁgér'_
equation with a flavour independent noﬁ—relativistici(putenfial
".Hr).10 Since the mass of the quark is ass&#ed to,lge ~1é€gé
compared to itsrbjnding‘energy,'the relafivistit‘ éffecfsl shou§d;

-give only small corrections.
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To test the coﬁcepfs Outlinéd'absve,:bhéfhas ;ig Jéélé&}été'
the energy levels, leptonic decay widfhs ag wei}’és'éi%>t}anéitioh
rates for heévy quarkoﬁia‘ by cnnsideriﬁg the spin—indepéndeﬁt
potential as the sum of the . .short and 1ohg;range 'poteﬁtiéls.
We have Qndertaken 3 similar étudy iﬁ"chaptér'if. As a:first'step,
we haVé considered a non-relativistic potential consisting ‘of a
sﬁort—range Z-loop GCD potential -matched to a cénfining potential
at a'largé’distance. Apart from fhe cc and bgfstates, we have also
studied tﬁe pdstulated‘ tt :étates ‘using ' the : saﬁé ¥lav§gr
independent ﬁéientiél.'we repeated the calculatgons inciuding  iﬁe
retativistic correcfions. We have noted  that the - standard
Breit-Fermi type of épin—dependent pofentials cannot éatis¢a€toé§
expléin.tﬁe-fine—hyperfine splittings‘af heavy-qﬁargonium stétes;
The reéent Dbservationsbf 3F'i states of the’ bE. and ZcE» faﬁilies
hE;E Téharply fécussed Dn< the _limitatinhs Df thé | stanﬁara
potentials. In chapter 111, we Héve tried to Fit'tﬂe :egperi&enialf-
results by considering ap adﬁitiogal cont#ibutioﬁ_ ‘té‘“}¥hé
‘fine—hyperfiné interaction p&tentialslstaying within the framewpfﬁ(
of Bre;t—Ferﬁi form.'In‘ chapfer IV, we  have made Usé“_nf- thE
generél properfies of Schrédingef quatign to predict some results
for the waye;iunttion.at the ofigin pertaining to 351‘ and ,.'iSO
states of 62 ‘5ystem5.’ In thei lésir chapter;_‘using’_é simi;ar
technique, some‘uséful results for the 'two gluino bﬁun& siéfes
have also begn.abtained by makiné use of ;upérsymmeféy (SUSY)EJ

Thé aim of this thé5i5~wa5 to study the ﬁfaﬁertiesf of  s§me

neﬁly discovered mesons: which are identified as bound spaies of a

S



heavy guark and its antiparticle so as to obtain some constraints
on OCD. Considerable phenomenological studies have already been
made in this fie}d but this rapidly developing area of studies
make it necesséry that our theoretical results be continuously
camparedlwith new experimental results; The phenomenclogy of hea#y
quarkonia provides tests for the entire model baseé on GCD, the
standard electfoweak theory and other theoretical ideas of
particle inferactions. Using SUSY as an additional input, we cbﬁld
study the two gluino bound states within the séme fnrmalisﬁ; Our
results on Ea'bound states will be useful in the confirmation of

both &Cb aﬁd SUSY and in establishing the  interplay between the

two most appealing theoretical ingradients of high energy pﬁysics.
I1.2. Heavy Quarkonia - Experimental Results :

Considerable experimental results are now available for a

detailed study opf quarkonium spectroscopy. The spectroscopic

25+1

notation for a 02 level is denoted by n LJ__where the symbols
have their usual meaning. The two spin-half quarks can 'form
spin-singlet and spin—-triplet states?EZ{ate with =0 is split into
381 and 1SO states. For L 2z 1, one expects four states
ELL__1 s 3LL ’ 3LL+1 and 1L1 which 'become non—degenerate &ue' to
fine—-hyperfine interactions. Some states have already béen

discovered.
Electron—positron colliders are well-suited for the study of

heavy quarkonia. The triplet S-states are produced directly in
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+ s . ' : ;
e e annibilations whereas other states are  produced via
N N . " a

electromagnetic and hadropic transitions. The present experiménta!
information about the S—stétes , F-states and their radial

excitations for bb and cc systems are presented below..

i1

—~ , 12,13 12 we 38
Fouwr bb resonance, Y, Y, Y and Y have been

cbhserved in e+ef annihilation. But no singlet S-state (nb) and

bb("D,) state have =o far been seen. Forw - experiments, {.e.

i
15 & 18,17

CUSH, cLen,'® areust”’ and Crystal Ball detectors have

bt

observed thé_ ldPJ states from the radiative decays of Y(28).

éach éfnup cqnfirmedlthe existence of xl gnd ig stafeéf; Bﬁf:‘snme
dischepancy in thé'mass of xo’state hasﬁ been repoﬁteﬁ."quever,.
the mass value repartéd by ARGUS is péssﬁbly more réliéble.geéauéé
of their accﬁrate meésurement of photon Ehergf{ZThe ‘eg@stebcel of

2F bound states ng have been reportéd by CUSH grohpzo'while the

spin—-singlet P-state in battbmnnium, h

'y has been reported by CLED

2%
Collaboration.
The charmonium states y and y' have been cbserved in

pp annthilation. Subseqguently, further states, viz. p

1
c? xcland

2 . i - . - ' - ‘ :
xz states were alsp opbserved in pp amnihilation by the R704
: . 23 - L2 | ,
Collaboration. Gaiser et al. 4 have measured the masses of
xg " states by studying the process wi(258) + »x . The nclstate

has been detected‘a in the inclusive photon spectra of both ¢y and

' . In addition, another paracharmonium state ﬁé has béen
discovered by the Crystal Ball group.”” The w{"D,) state‘f6 has

also been - observed in the e e  cross—section. The R704

. ,:, R , N B
Cullaboration“7 bhas reported some preliminary results about the
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spinfsing}etistate‘hc ;hich %ies below the w'«lefel; ﬁi Eevieﬁ' of
part{cle properties’ by Particle Data érndpszs givesmiﬁs- #he

gxpe?imentalﬁihfdrmation-&Dr Aifferent~5tates  0§ the quarknnigm
systems. fhe;massés of allntgé'confirMéd levelg have’béen shown in
Table 3.3 and;Tablé 3.4.' foXa 4far thefevbis- nb~-sfgp§ture of  a
topapiuﬁ and .the geseral _béiiéf is. that';£he mass of | the
tapIQuark, if it exisﬁ;, Shoﬁld'be muech higher?é than 3I0-50Q HGEU,
as anticipated by Uﬁlv Coliagﬂrétiun.gq The éspééta of  the
wquarl'kcmium spéctroscdpy ;hich ére usually studied aré> discuscsed

breifly in the following :
i> Masses of §uarks and gquarkonia :

The mass spectrum of a guarkonium family is given by

M (@) = 2M_ + E_(M_,V) L
n n & )

&
where HQ is the guark mass énd'En is the energy eigenQélﬁe of the
non-relétiviéti; SthrS&inger equation ;ith the Ehnsenlﬂa potential
Vir). The ihpgt\mass in this calculation is thelmass assigngd' to
thg reievant éuérk f}avour; Siﬁce ffree quarks have not lygt 6eén
seen,_itlis difficult'to’measufe its mass in thé; usﬁélv-way. The
Quark masses are known_indireé;ly‘from”measuremeﬁts on hadfonéhand
different measuremeﬁﬁs may;‘ in _brinciplé; lead in’kdi¥£erént
masses. Two différent types of masses are usualiy asspciated wiih'
the guark of a given figvbur, ﬁhe currént mass and the:tpnstitﬂent
mass. the processes invplving large momentum tranéferé . are

assoriated with the current mass. For dealing with the -static
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b}bperties a# hadrons, constituent, méss s moré‘ -5uitab1E;
it may be npted fhattinside the 6aqfon, qqarks'are,agsociated with
gluon field. An alternative defination of the constituenff}quark-
mass is that it minimizes the_effectsnaf gluons and Qeé gquarks 1in
& calcu}ation of tﬁe static pképerties. However, the céhstituent
gquark masses are usually tréafed as fféé;paréwéters in'é,poténtial

model calculation of the quarkonium.
ii> Leptonic Width :

The leptonic decay mode of a vector meson  is due to oR
annibilation vias a virtual photon. The non-relativistic formula

for the decéy of a quark-antiquark bound state intoc a Alepton
3O ' '
pair is
2
o . 2 , o
S ‘ N -2
T = |t | O o (1.2)

RN
1

!
(i
4
DN R

]

Thus the apnihilation amplitude is proportional to ¢f0), the value
of the wave;function of the &0 state_ at zero separation. The
formula should, however, be correctéd' for vacuum polarization
effect, which has been treated by a humger éf authors.?* In most
caées ihe'correction may be inciuded by Ful}nﬁing the suggestinn'.
of foggio and Schnitzer, viz.‘by réplacipg ${Q) by ¢t1/MQ), wbére
"Q is the qQark mass., Physically this.expressesl"the simﬁlé .Fézt

that the annihilation may take place once the particles. are witﬁin

the de-Broglie wavelengths of each other. The measured . leptonic
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widths of the heavy guarkonia provide useful censtraints on the

wave—function and hence on the (875! potential.
1iii> E1 Transitions

The transitions of heavier guarkoniaz to lighter ones take
place through either strong or electromagnetic interaction. Some
of the electromagnetic transitions which have been observed are

g+ ZFEy+ 275, 35 s
=

J
1&PJ and SQSI - Q“PJ . These are all El transitipns. Some M1

transitions have al=so been cbhserved but this will not be treated

1°PJ > 1*51 , 2F_ 1*51 , 2°51 I

-

here. The guarkonium wave—function which is approximately
determined by the potential model calculation  helps in the

evaluation of the relevant decay width, [ The El transition

EL”
rates of the guarkonia are given by 3
, o ‘
X , 3 _ 4 2 3 3 2 -
Fn™F, » ¥y +n'"8)) = gaegow (f RoagR,, 7 or ) (1.3)
: o
oW
3 3 4 23+1% 2 3 ' . 3 2
+ 4 = ;
Fen™8, » ¥ +n'7Fy) = 5 5 o e W ( [ R oR, 7 or ) (1.4}
: Q

where 25 is the electric charge of the quark, w represents the
photon energy and R, the radial nave—function. This transition
occurs between states with opposite parity and the partial width

is proportional to the square of an overlap integral involving the
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i and. 18 wave~§uncti§ns. Tﬂus one can:meésure the overlap between
the twn‘wave4functians from the transition rate. |

It is new well—known. {hat the ElECtFiCﬂdipD}é transition
¥ fxx , ié relatively sgpprésseﬂ.,ﬁ number Dflfactbrs SEERMm té

contiribute toxfhis effect. The dipole matrix element is influenced

by the relativistic wave—function distortions.  The  guantity
el fyt ¥ . is  particularly  =ensitive to the  relativistic

cqf#éctions. This is berause the integral is found to be the sum
of the two cohtribu{ions pf cppesite sign due tg_the présence'of 2
(node in tﬁe 258 wave-function. A shift in tge wave—function caused
by the relativistic corrections reduce the valué of ‘thg matrix
element. The cnuple# channgi EffECtSSZ for y' which alsoc reduce
the averlap between ité wave—function and tﬁat_ d? the F-wave: xy
staté Shogld also be considered. It.‘is impor-tant to hoté 'théf
relativistic corrections in the Y syste@ are much smaller than

that in the y system.
I.3. Heavy Quarkonia - Theoretical aspects :

For heévy quarkonia, & nonfrelativistic iréatment‘baSed Bh
a Schrodinger equation with a static pdténtial’should be a very
godd approximation, so far as fhe _spin"éver;géd properties kare
concerned._ A number fof authors haye_ discusseé relaiivisfic
spin~dependent.calculatinns making use ‘of‘-this nDn~reiativiéti¢
potential. The spin-dependent effects ha?e been 'cbiainéé'wby

inserting the one-gluon-exchange interéction’ihfo‘the relativistic
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wave—equation, such as Eethe—Salpeteréb {BS) eguation with a

- b g

euitable kernel. The Breit-Fermi reduction™ *°> of the BS eguation
leads to the well-known spih—dependent interaction terms. However,
the reduction inyoives an approximation of the BS eqguation which
essentially reduces it to a.nqn~relativi5tic.Schrédinger eqguation
with correction terms including both spin—dependent and
spin—-independent terms. One of the many well-known difficulties in
the treatment of the BS equation is related to the relative time

coordinate. A nusber of autharsééfb?

have sclved the BE eqguation
for gusrkonium in the ‘instantanepus’ approximation so that in the
centre of mass frame, the relative time coordinate vanishes. This

reduces the BS egquation to s Salpeter Equation.aa A RCD opriented

B5 equation ha= been discussed by Mittal and Mitra?\9 in the
‘nuil—plane' approximation in order to obtain the mass-spectra of
heavy as well as light quarknnia.- Jacobs eof al.qo also have
consideréd an ‘instantaneous’ approvrimation to solve the BS
equation in momentum space with vector and scalar kernels but the
results seem to be guite complicated. It may be pointed out that
the non-relativistic GSchrddinger  equation with the usual
Breit—Fermi correction terms can be derived from the Breit
egquation itself.

Eichten and Feinberg41 have described the spin—depéndent
forces in heavy guark systems gy taking into account the
non—abelian nature of QCD and‘using a garge invariant formalism.

They start from the wilson loop where a 1/M expansiocn of the quafk

propagator is inserted. They relate the spin—dependent parts of



the potentisl to correlation functions of electric and magnetic

figld strengths. They assume that the colowr —magnetic field
interactions wvanish ata large distance. Assuming that the
long—-range = ~pavt - of the potential transforms 1like a Lorentz

scalar, it is airgued that the confinement is associated with &

purely erlectric term while the hyperfine potential is associated
~

with the magnetic one. Brmmesq‘ also has claimed that the

'

confining potebtial must be a scalar. Gromes has obtained an

important relation connecting Vi sy Vo and V , M =V - Vl s which
follows from the Lorentz invariance of the theory where V1 and
UE represent the spin-orbit potentisls and \% gives the

non—relativistic potential.'ﬁepresenting the magnetic field by a
space~—like loop integral and applying the area law, Gromes arrives
at the conclusion that the =sign of the spin-orbit term is opposite
te that obtained by Eichten and Feinberg41 and in an earlier paper
by Gram9543 and is identical with that of Buchmuller.44

Using a modified Richardson potential instead of linear
plus covlomb form, Moxhay and RBSHEF45 have included the
relativistic corrections to  the spin—independent potential.
Following the approach of EF, they calculated the energies,
leptonic widths and dipele transition rates of yw and Y systems.
Some conseguences of relativistic effects have been discussed by
McClary and ByEFSQ& choosing a scalar potential for the confining
potential. The =ign Df'thE spin—orbit contribution arising from a

scalar potential is the =same as proposed by Buchmﬁllar44 and

-

Gromes.qf Fantaleone et al.47 =lso adopt an approach based on  the
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work of EF to calculate the ‘épin—dependEnt_ cofrectiqﬁs fé the
gtétic aeD potehtial upto ai‘termﬁ They extend the formalism ‘faf
Both egual and unequa1~mésses‘ta Dﬁtéin‘zpin—deéendent férms whiéh
contaiqlingarithmic as well as inverse powers af the héavy' quark

macss.

48,49 (GRR)  have

On thetatberhaﬁd, Gupta,_Raderd and Repko
given a 'poteh¥i31 which incorporates higher order herturbative
'carre;tiéns toc spin—dependent and spin—iﬁdependeﬁt £erm5 of the 2B
ﬁntenfial; Théy have calculated thé finé—hyper#inE»splittings by a
perturbative épérnach. fhey. consider aA renéfﬁalization scale
parameter g which i=s fixed Qy minimizing the .effeét of higher
order terms which Dccurﬁvinia renormalization group improvement of
the potebtial.’?heir study revealsrthai 'the :Bgfining potential
may bg regaréed as the effect of a scalar Exchange; Using- GRR
scheme, Igi and ODDSO‘ have investigatéd-the ﬁroperiies of EE and

bb states for various values of A-

Ty ‘énd opserved that the

finthyperfine interaction is not onlyisensitive to the choice of
the 08 potential but éiso very sensitive to thé'value of’ A§§ .
Fulché}51 bas developed an abbreviated foronf GRR sghemg which 1s
bhased an'the umerical soluti;h of the Schfédingér Equatién. He
has concidered the di tprrection to the static pofeniial ‘but
ngglectéd these corrections for the 5pin—depen&ént part;v He hés
inciuded a c&ulbmb term in tﬁe confinement .patentiaiA by’
Tintroducing 2 join radius; where the running ‘coupling» constant

staﬁs running. All these modifications yielded better results for

tﬁg Y system than what one gets in the Briginal‘GRR potential.
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In the BRE renormalizstion scheme, the perturbative
potential not only depends on the renormsalization scheme, but also
on the renormalization scale parameter. The method generally
involves a long cxlculation. On the otherhand, in the EF approach,
the guantity Aﬁg iz ususlly choserns as one of the free psrameters.

In DQr calculation, we have followed the EF approach.
I.4. Supersymmetry and‘bound states :

TAE supersymmetric theories have been found to offer a very
exciting field of research . in  the cbnﬁeﬁt ocf thé unrfication
schemes of the elementary particle interactions. The idea of
superzymmetry'£SUSY) was initially introduced to solve the  gauge
hierarchy problem in BUTS. It has alsoc an  aesthetic  appeal. It
ie, therefore, not sur#riéing that these theories have
opened up a very attractive field of. research.

In supersymmetric theories, Elemeﬁtary bosons have
suﬁersymmetric fermio& partners and vice—-versa. The
supersymmetric partners have the same mass when SUSY is  unbroken.
The fermionic and bosonic masses and couplings get related to
each other when SUSY is impnéed on a theorvy, thereby reducing the
number of frere parasmeters in the theory.

If BUSY is broken, the energy of the lowest lying state need
not be exactly zero. One expects SUSY to be appfoximate in
nature, so that the superpartners will. be split; One of the

important features of & supersymmetric theory is that it predicts

mgats PG 15 .
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théfexistence pf associated ?articles differipg by one-half unit
Df‘ébin. Amoﬁg theASQéY pafticles, tﬁe,g}uinn, the SUSY partner of
fhévgauge bason gluoﬁ, égemévto af?gr & wide rangé of interactions
ac:esi?le ‘by théﬂ presénf Expérimental facilities. 'Each
superpartnerzcarries.a‘ good quantum number, -R~périty,5? which
plays thé role mf.;-%lavour—cnnEEEVihg quanfﬁm number. In  almost
all models;‘the gluino is‘expéctéd to .be the 11igh£est sparticle{
apért from - the photino, fhe;spin i/i_pértnér of ;phoion. Photino
isleﬁﬁected ta.beva‘very'ligbt particleland its detectiah'is T VETY
mudh: dif{icult due to its relatively weék ihtéraétion. In mpst
models, supérsymmetfit particles may‘beydetetted bY_ their decay
pfcdu;ts._?hetgluiﬁo decays prednmipantly wia the process E » B8 ;
where photino .is assumed tnlbe long-lived. The photino caérigs aff
energy and mDmentum khiéh are not aetected. —

Like giuon,'gluino is a cnléur actet. Due ta this nature and
it5 lar§é4cDupling¢ streﬁgth, the crosgwsectiﬁn FDr.prﬂQCtDn cf =
glﬁino pairﬂis twenty times lafger than thase éf fﬁe gquark pairvof
equal maSs;'Since the lifetime is believed to be relatively _long,
it can pqssibly be eési}y identified. The liéht gluninoc search can
be carriéd ocut in Beaé dump: experiméntss3 with beé@ energy ~ 1

TeV. At a hadron cnilider,_ gluino péir production. occur via

oS4

glubn—gluon'stattefihg. The hadron collider ie & suitable place

for the search of a heavy gluino. The UA} Dallaboraffonss * have
analysed the E_ data and have concluded that the mass limit of
gluino is greater than 53 GeV. Explicit search for gluino ‘of a

mass upto 150-200 GeV at the Fermilab Tevatron have been suggested
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5y di fferent éuthorsfsb Harnett etlal.U7 surveyea the decay modes
.and éignatu;es of gluinoé ia“minimal -supersymmetricv.model, The
‘impariant feétufes of these . decays énd their phenomenological
impliﬁatioﬁ ﬁave alsoc been discussedr ’

The giuinp, being a self-conjugate majorana fermion, may
bind w;th'quarks, gl&ons and other gluinos and #Dr@ calour singlet
‘bﬁund sfates.vLike ordinary fermian—aﬁtffermién states, the parity
of gluinonium {(gg) state is giveh’byﬂP ; >f<$1§L and >C—parity
positive. The ﬁinding ehérgf and wave—function at the arigin éf 33
st;te‘are }afgé. ISinéé-the  g}uino mas;_is héav?,.the -gluinbnium
state can be destribéd by the non—ré}aiivistic pdtential model as
inléhe 315} sysfem although some differences accﬁr>in,vthe caée of
g}uinas. The differences arise mainly bécauselglpinés are majofana
fermions aﬁd' alsp bécause they belong to 'a“colaur‘ Dctet-A The
sthoff—range'<part DF thE paiential may be Faééesentéd'as vgétr) =
% Véa(r) whéré'9/4jcames from the rgtia‘ of guadratic césimir
Dperatérs for the édjaint and fundamental reﬁrésentaﬁinns. Tﬁis is
valid Dnly - for tﬁé shn;t—range pa}t of the potéﬁtia}. éDmE

B = =
authors,ds’dq

howevér; assumed thaf this relation holdslffor the
entire gg patEﬁ{ial. Among ther'giuénn stétes, the . glueballinoc
éagi states hay be formed by reﬁiaciné one éluino injé» glﬁihanium
stéte by rpﬂe gluoﬁ.':These states .sheﬁid' be égpefimen{ally
ideﬁtified moy e easily thar other giﬁe\ bal;v‘states.  Mitra and
oro®® have studied the'proﬁerties of the giuebailinoﬂnand “hybrino
‘4595) statéé.by,usihg é ﬁS model. The distnyéry Qf any ;Df these

states will be extremely exciting.
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i.B{’Sumﬁafy of'the work dqne’:

‘fhe following givee the chapterwise sum@arQ o#i the work
‘;epéfted ie the thesis‘y
a) In chapfer II,‘the-pFoperfiesAuf fhe heavy‘Quarkonia have besen
stedéed,by the non;reiétivistic petential model. The potential
chbeeﬁ is fhe vacuumipoiarization-cafre;ted Zvioap 2Ch potential
supplemented by a cenfxnznglpotentlal. The enetgy leQels, leptonic
decay wzdths w:th and without Poggla~9chn1tLer correctlon and E1
transition rates qf w and Y familiES'aTE Caleu1ated‘and are found
to be in geed agreeﬁent with the ‘expe?ihentali results. The
topehium 5peetroscoﬁ§ ie:Stﬁdied quwihe 'eﬁpeeted-‘renge of top
quafk méss~i 30-7Q Bev ).’Coﬁsidering the'-experiﬁeptal' branching
ratio, the total width . &nd the hadronic decay width of the

.Xb

to be fairly suecessful in describiﬁg the non—relativistic

states are slsc determined. PDtEﬁtiBlAdeEl calculations seem

prdpetties afihea?&jqﬁa?kenja.

b)‘In chapter IiI,fee giscuss the 5pip—dependentr interactiens in
Aﬂﬁlsystems. We nateefhet-the newly &gsca§ered 1F' states of bb and
EE 5y5tem5,‘1n partzcular, pose serious problems to the standard
~modele. We present an evtensxve analysxs to shnw that the standard
Breit~Ferm1 .type ofelnteractzons cannot  fit the - experimental
results accurately. A mndificatimnve¥.the formalisﬁ is suggested.
A model calculatzon wath = realzstzc potent:al’ls carrzed ot . The
pntential.consists-of‘a 2-lopp RCD shurt—range potential and a

scalar long—range potentzal with an add1t10na} term, .as suégEEted

18



by Ltischer and also supported by 1attice¥gauge resulis. The energy
level =splittings are calculated with this pétential. The
possibility of including the spin—dependent contributian- of a
pseudo—;ca}ar exchange is also considered. It is  =seen ‘that
al though thé modified formali;m ju;t about accommodates the trend
of data for 1F'1 stateé,-the Breitt-Fermi interactions in general
lead to severe constraints on the parameters of the potential when
one tries to fit the entire range of guarkonia data. The choice of
the Breit-Fermi form for the spin—dependent interactions 'do not
allpw enough freedom to-fit the recent data on iPi levels.

<) In chapter IV, we nntep that apart from the  inadeqguacy of
Breit-Fermi type of interasctions for describing the fine-hyperfine
splittings of heavy qQarania, the presence of highly singular
terms like ésir) and 1/r3 ‘terms also tend +to malke the
perturbative calculatipns wnreliable. Exact vresults or bounds,
even if weak, will be very useful in this context. Using Martin’s
technigues, some weak inequélities for the values of - the
wave—function at the origin for the triplet and singlet S—states
have been derived for a }argé class of && potentia}s, including
the recently proposed Gupta’s potential. The iﬁequalities could be
used to predict bounds for the decay widths of the Ny states. This
ineguality will be useful in quafkonium spectrosCopyY.

d) In chapter V, the effect of the long—+range confining potential
on the two gluino bound states has been studied in a particular

potential model. A power law potentisl has beenn chosen as  the

long—+range part of the potential. The asymtotically free nature
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of RCD  suggests  that  the short—range behavior 15 duge
to one—gluon—-exchange. From =supersymmetric considerations, we may

expect that the short-distance part of the gg potential, vaa is

2?74 times the 51} potential, ugé - However, the relation between
long-range parts of VSS and Vaé ig égmpletely unknown. We have
chosen a long-—-range VEE potential which i=s fB-times the

long—range potential for 88 where 3 lies in the interval 0.5 < 3 =
X. We have applied Martin’s teﬁhniques to derive some useful
inequalities for the value of the wave-function at {he origin,
waa(O), for a general class of potentials. The results are useful
for estimating verious decay widths and production cross-sectiopns.

To summarize, ocur calculations seem to confirm that the
phenomenology of the heavy quarkoﬁia are in generai consistent
with the basic concepts of 8D, é}though scme details ére yvet to
be understoond. bith the new accelerators becoming operational in

near future, a more definite conclusion may hopefully be drawn.



