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AB3STRACT

Within the context of a unified gauge theory of integer-charge quarks
and leptens, it is shown thet gquarks mey decay purely leptonically as well as
semi-leptonically.with the following selection rules:

1) Yellow and blue quarks decay predominantly into mescons + neutrinos

-11 =12

with lifetimes =10 - 10 secs, (for m % 2 GeV}.

2) HRed quark cen decay leptonically or into mesens + neutrinos or mesons
+ charged leptens (e ,u” ). They sre long-lived {#10 - secs.) if no coloured
gluon states exist with masses lower than red quarks.

3} If such gluons do exist, the lifetime of red gquarks may be of the

same order as that for yellov and blue quarks. In this event and 1f mq.é 2 GeV,
SLAC {re) events may possibly be interpreted as the chain decay

+ -
e + & —g. + g — gluon + v
-1k R R _ _14
10 secs.L., gluon + v 110 secs .,
+J
e+y g

4) Ip lepto-production experiment,production of colour is suppressed
to 8 10-15% devel in the present kinematlc region, beceuse of the gauge
cheracter of ccloured glucns. There should be no such suppression in N-N

produstion of colour.



I. THE SIGRIFICANCE OF GQAUGE THEQRIES

During 1372 and 1973 a unified geuge theory of hadronic an
1}

£

) leptonic
intersctions wes proposed by Pati end myseif The chief departure of this
theory was the insistence that leptons and hadrons - sharing equally, as they
do, forces of gravity, elsctromegnetism and wesk interactions - do not represeat
radically different forms of matter. The theory predicted that baryons

can decsy into leptons and that beyond a certvain (high} energy range, all

their intersctions will be similar. It is of interest to exemine the status

of this theory in the light of the recent experimental information from SLAC,
DESY, Serpukhov, CERN and FHAL.

There is no guestion but that the chiefl quest of particle physies
research 1z a deeper understanding of the concept of generslized "charge" -~ &n
understanding which should &t least be as deep as that atteined by Einstein
for "gravitational charge”. There have been two major steps towards ihis
in our generation.

(1) The understanding of partiasl comservation of charge in terms

of the phenomenon cf spontareocus symmetry breekinz or - as the condensed

matter physicist would (perhaps more correctly) put it - in terms of the
onset of ORDER.

{2} The removal of distinction tetween weak, electromagnetic and
strong charges. This developrent started with the Gell-Mann-Nishijima

formula and continued through current algebraic ideas.

Now both these developments find their most significant dypamical
setting within unified ganuge theories,and this is what makes these thecries

sc significant.
IT. THE GAUGE STRATEGY AND PREONS

The standard procedure in constructing 8 gauwge model iz the
following:
{1) Recognize s conserved {or partislly cconserved; ser of charges
and their symmetry slgebra.
{?) TFix on cne (or more} basic Fermi multipler exhibiting the
appropriate symmeiry.
{3} Use the stendard Yang-Mills technigues to obtain & unigue

interacticn Lagrangian

1,2

int T

are conserved currents constructed frem the Fermi fieids and
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(L) Introduce Higgs-Kibtble spin-zero fields to give rise to the

appropriste spontaneous symmetry breakling.

In accordance with this strategy, let us consider how many conserved

or partially-conserved charges we empirically recognize at present.

{a) First, there are the two lepton-munbers Le and Lp and baryon-
number B . We assign Le =1 to ¥, and e, Lp =1 to Vu and W,

and B =1 4o quarks (B = 3 for nucleens).

Define & fermiop-oumber F = Le + Lu + B 3 the quarks ss well as

leptons carry fermiop—mumber F =1,

() There sppear %o be ot least four known flavour charges: I-spln

up, down, strangeness and charm,

(e} At least three colour charges: RED, YELLOW, BLUE.

(4 1f heavy leptons {and perhaps hesvy quarks) exists there may be 8

heaviness quantum number H .

I have not mentioned electric charge, since it is assumed to be made
up of scme of the charges listed above. The same may be true of some of the
other ¢harges listed. Al in all, then it would seem thet there are possibly
of the order of eight or nine independent conserved (or partially-conserved)
charges. The maximal symmetry group which one may gauge might therefore be the simple
U(B) or U{9} - or, more sccurstely, distinguishing chirality, the groups
U (8} x U,(8) or U (9) x Up(9).

Consider next the choice of the basic Fermi multiplet. The ideal
choice would be = set of fermions, such that one fermion carries pne

fundamental charge . Wnen quarks were first invented, they possessed

precisely this property; each quark carried one flavour. With the invention

2
of colour, the situation has changed; each quark carries two charges, Tlavour

and colour {besides baryon—number) gnd this has led to an inflation in thelr

numbers. For a fundamental theory of gauge interactions with elght or nine

conserved charges, what we obtviouely need 15 eight or nine PRE-QUARKS OZ)?HEONS

.

(fielss; of which g&ll guarks and ail leptons way be made as comrosites

¥} Vrerces group thecry uniguely determines the pattern of vector mesons in &

v, the pattern of spontanecus symmetry breeking and Higgs-Kibble

oot unique,excert in & supersymmetry. Since 1t 1s this pattern

wol clially determines tre decays of pertieles in the theory - including
“u¥e of quarks arnd glucns which we discuzs in this note - & different

see L Clors-¥itble muiiirlete cun affect the decay predicticns. The only way

T is tnrough on experimental determination of the

Tnigs is hard but worthwhile.
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Clearly the manner In which PREONS ere specified Is the same as the
specification of the details of the model. As an examplie of che choice of
PREONS, consider U4 % 3 = 12 quarks {each cerrying cne of the four flevours

\

and one of the three colours) plus the four leptons (ve » € o b and v,
One may consider .hese sixteen oblects as compotites of eight spin~3 PREQNS,

which are:

{1) ¥our flavour PREONS - which may be identified with the four
leptons L = v_, e” L, u L, v .,

n
(2] Toree colow PREONS + §=Cp , Cj , Cj.
{3) One singlet PREON .
The twelve quarks are composites of L%« . The economical concept

of PRECNS -~ all as elementary as leptons - is appealing and will become more
g0 if more flavours sre discovered. But perhaps the time (end the energy
range) for PREONS to¢ be discovered is not yet. © As an interim we shall work
with "composite" quarks end leptons in the context of an interim symmetry
group SUL(h) % SUR(h) % 8u{4) (whieh is & subgroup of the PREQN pgroup

§QL(8} x SUH( ) ). (Perscnally I believe that the "finel" gauge theory, besides

1

incorporating with some version of PRECNS, will alse be "supersymmetric".
With such a theory the problem of Higgs~Kibble particles, thelr nmutuel couplings,
8y well as the basic theory of massless neutrincs and their {inevitadle)

mixing with baryonic quarke may be resclved in & fundamental manner. )

ITI. INTERIM GAUGE THEORY OF QUARKS AND LEPIQNS

Assume that the fermionie multiplet is a 16~plet consisting of twelve
quarkas and four leptons:

CR (2Y CB Uu

The flavour quantum nusbers extend slong columns; the colour guantum mmbers
extend elong the rows of this 4 x % matrix {we assign the leptons = fourth

golour, lilac). There are two versions for elestriz cherges of gquarks:

o

If colour-preons carry fractional charge -

y we recover the fragticnalily

wHra

charged quark model. R

LY

(&) Fracticnal-charge guerks
g2 2 2
3 3 3 °P
1 1 1
= = X
3
« = |3 13
L1 2
R
2 2 2
3 3 3 °
Note E Q2 = 10/3 in this model .
guarks
{B) Integer-charge quarks
2 2 _ 2 X . 2 1 .
33 - ° 35" 3 31 ©
12 1.1 . 11
3 3 =t 390 3 F =0 -1
Q:
1 2 1 1 1 1
_-— = T - = = - = = =1
3 3 7 3% °0° 3 "3
2 2 _ 2 i . 2 i .
3 0 3 %5 =2 RN ¢

Here the charge operator is the sum of flevour charges + colour charsesE

q = flavour charge Qp (which like model (A) has the eigenvalues
g 1 1 g
3* 37" 3°3
1

+ colour charge & which takes the values [-%-, Rl %}.
¢

N 2
Tote 2 Q" = 6 in this model,

quarks

Fote also the importent ¢ircumstance that red quarks carry the same net
charges (0, -1, -1, D) as leptoms, while blue and yellow querks exhibit =
different sequence of charges (i, 0, 0, 1).

Since frectionsl charge querks appesr 1o be excluded by experiment,

I shall be concerned mainly with integer-charge quark model (B} and shall

try tc show that the gauge theory based on these quarks and leptons 1z a
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perfactly viable - and even an attrsctive - theory so far as any known

experiments are concerned. Such quarks have simply not been looked for.

(1} Specifically we shall assume that such guarks exist  and that they

are not too massive. Though we have no theoretical reasons whatever for this,

we shall suggest that mq may be as low as 2 GeV. The grouping of quarks
and leptons within the same fermionic multiplet will have the consequence
that, dynemically, quark-lepton transitions will be posgible. And i we
permit a apontaneous vislation of beryon-mumber B (and leptor—number L)
such that fermion-number F (= B + L) is not viclated {AF = D), a guark will

decay into a lapton {+ mesons ). This pessible instability of querks against

decays into leptons, is the resolution of the integer-charge gquark

dilepma, if any.

(2} I shall show that spontaneous symmetry bresking, as implemented in
the model, leads te the result that yellow and

decay predominently into neutrinos + . resons but not electrons + mesons.

blue Qquarks

This restriction does not hold for red quarks. It is conceivable (provided
m_ £ 2 GeV and provided certain other conditions {see Sec.VI) are satisfied)
that SLAC {ue) events are due te production and subseguent decays of Tef

+ -
quark~antl-quark pairs in e + e annihilation.

(3} A cruclal consequence of strong gauging of integer-charge quarks
is the existence of & gauge 1~ colour-gluon octet GiB8) with masses of gluons
posaibly as low as 1.5 GeV (though a more likely mass value mey be = L GeV).

At least cne neutral member of this octet must bte préduced in e¥ + e™ apniniletion.

oy Athough this neutrsl member of G{B8) mixes with the photon {which 3

therefore contains colour pieces), we show that the gauge cheracter of the theory
implies that the colour part of quark electric cherge does_not skine forth too

brightly in electroproduction experiments. Thus sum rules based on SLAC and FNAL
electroproduction structure functions at present accuracy do not distiaguish

between fractlionel and integer quark charge models.
colour in -

This suppression of
lepto-production experiments is got operative for colour
production through N-N collisions where colour ought to menifest itselfl

strongly.

-6

Iv. sup (2] % 5Up(2) > 85U {4} GAUGE HOUP AND THE TOGYA CF CONFINEMENT
L ;

Following standard practlce,we gauge flavour charges for wesk and
electromagnetic interactlons, the gauge group beirng SUL(2} x SUH{2) (of
which the standard weak and electremagnetic SUL{E) Z UF,(J'; is a subgroup).
whe coupling parameters are gy, and 8 with % = ;?I-:;a. Apart from
the left-right symmetry of SU (2] witn 8U.{2], so far es the gauge inter-
setion is concerned, there is nothing particulsrly specisl about the gauges.
We de not consider these further but turn to the more interesting geuging
of the colour symsetry SUC(L\) .

There ere fifteen 1  cclour gauge fields; consisting of an SUC{3_)'

octet G(B), an suc(3) singlet g? plus the SUC(B) triplet xo, ¥, X
{together with its bhermitien conjugate}. G(8) couples quarksew:lth quarks

1
Hlerr 1
T L'Nl).. The

couple red, yellow and biue querks, respectively, with

and mediates strong guark-quark forces [coupling perameter
exotics XO, X, '
leptons, while the singlet SO couples gquarks with guarks plus leptons with
leptons. Since guark-lepton and lepton-lepton forces are week st presently
attained energies, it is clear that the SUc{h) syrmetry must

be broken spontaneously in such a manner thet the exotic X's as well as E‘;U
are very massive.

To give masses to all the geuge fieldas (W, , LN ai8), XO, X, 1,
SO) except the photon -~ as well as to respect flavour and colour SU(3)'s -
we mppear to need three Higgs-Kidble (b x L) multiplets, A, B mnd €, in the

integer-guerk-charge model, which give rise to the following setsof masses:

Mass Izput
G(8) 2.5 - 6 GeV strong q-q force
W; 50 - 100 GeV strength of (V-4) weak forcee
W? > 300 Ge¥ strength of V+A weak forces
()101l GeV in the model)
s? % 10° Gev - 207 Gev strength of T = O weak forces
X ~ 10" Gev - 10° Gev K -+ U+ e branching retio < 1072,

Notice the semj-empirical hierarchy 1 : el ;0% between GL8): Wf: and

X nesses., We do not know any deep reason for thls.

%) Since this is an inmterim gauge theory end we are gauging only & subgroup of the

"final™ simple symmetry group of charges{SU(8) or SU{9}]) , we do not insist on

-
the effective courling persmeters f£7L7 =nd g’?;’hﬂ to be equal,

e, emmem e i g

T

b
1

L

Ty -



The mass matrlx for the gauge wesons will indurce the following thres types
of mixings, with mixing parmmeters completely fixed in terms sf the lnpat

masses already lntroduced above.

M4 2
(1) G’tﬂ-“; mixing = Eﬁ} % . As we ghall see,this will bs

— B
relevent to dimuon rate in (v,v] + K experiments.
(2) W:++ X* mixing. This mixing and 1ts magnitude will be relevant
for quark Jecsys into leptons (and also proton decays inte leptons}.
)
(3) HO. 5% and u = G3 + 2 mixing to give the {massless] photon,
which has the composition 1E;

L, Ll 3,03 o1 2a0
eA—g(WL+WR)+f(U 30,1 .

8¢ much for the integer-quark-charge model.

At this point one should make a comparison with the colowr zsuge
structwe in the fractional guark-charge model. S0 far as gauging of
flavour charges and the need for = spontanecus symmetry breaking mechanisn
to provide masses for Wi and W; weak mesons is concerned, both moedels
agree. When it comes to colour symmetry, the development of the fractional
charge model has followed a totslly different peth. The protagonists of
this model - and this includes the vast majority of the theoreticel
community - iwpressed by the non-existence of colour-carrying fractional
charge quarks , have sought teo resolve the quark dilemma by postulating
the Dogma of Colour Confinement. The Dogma states that strong guark
dynamics = chromodynemicse (QCD} of the colsur group 5U,(3} - &5 such ihst
only colour singlets can exist as physical entities. A1l other colour
states - and this includes quarks as well as G{8) cclzur cluons - are

L)
exactly and inexcrably confined. ?

Some physicists have suggested that colour confinement is analogous to
"confinement" of magnetic charge in Maxwell-Faraday electrodynamics. This is
incorrect. Unlike colour charge, non-zero magnetic charge is never iniroduced
83 a source in field equations of conventional electrodynamics. The remarkeble
result of QEDN field equations ~ the understanding of magnetic dipcle phenomens
in terms of moving electric charges - would have an anslozy in coleur dynamies
{quantum chromodynamics, GCD) 1f one could explain sll colzur phenomena ir
terms of Ilavour charges and never hsve t introduce uon-ferc CTLOUr Jharges.

co ;

8 ConT.

The great merit of the Exsct Confinement Dogme 15 the end
it would make to the elementerity concept; perfectly confined quarks sre
invisible; one would not have to worry ebout any PREuQUARKS Elementary
Particle Physics wbuld therefcre end with quarks g0 far es hedronic matter is
concerned., TFor leptone singce we¢ are preciumably dealing with visibie elementary
entities (neutr;no§,‘§lectrons), the end of the chaln is sharply differenmt and
perbaps more standard,

How, three types of attemptshave been made to ensure colour

confinement.

{1} Gravitational confinement

There is ne question but that with suitsable boundary conditions and
with suiteble conditions of matter density ¢btaining,clessical spin-f
Einstein tensor fields do confine. Thus hedrons could be viewed as f-gravity
black heles 1f we postulete that f mesons satisfy Einstein's fleld equations
{in the zero mass limit,snd provided such e limit is soft). The MIT confining
bags mey perhaps be viewea ms scalar-gravity bags (with a cosmelogical term).
Apart from Hawking's recent results concerning instability of smell black holes
{vleck holes of mess < 1077 @ms are unstable for f gravity) the major
difficulty with this type of confinement is that it is all-embracing &nd too
aon-selective; both colour and flavour are likely to be confined.

{2) Quark confinement as a critical Thensmenop

Wilson and,following him,Susskind, Kogut and others have attempted
to confine colour in a lattice version of {non-Loremtz invariant} gauge
theories. The hope is that when the epace-time lattice constant goes to
zero and covarience is restored, confinement will persist. Even if this
fine attempt succeeds, one's experience with criticel phenomena i1s that
there sre always external agencles capable of restoring the system to an
unconfined phese. Thus, confinement through a critical mechanism is

likely to be partisl and not exmet.

What is erbitiously being attempted in confined versions of chromodynemics is
+0 introduce non-zers colour charges in the field equations but at the same
+ire ensure colour confinement through boundsry conditions. This 1s very
different from the cese of the Maxwell-Faradey electrodynamical theofy where

a2l solutions of field eguations exhibit non-spyesrance of magnetic charge -

&nd thet simply because nc such charge is ever intrcduced into the field

equaticns.,




(3} Infra-yed slgvery

The mogt widely held telief has heen thet exact econfinement would
result Fropm the highly singular Iinfra-red behaviour of messless Yang-Mills
glucna in an exactly-conserving SU::G) gauge theory. In a fractionally
charged quark model, such gluons are electrically neutral and would remain
magsless if SUD(3) jia sn exact symmetry of nature. 4  This phencmenon has
been called infra-red slavery. A gecoerd advantage of such an exsstly
conservad SUc(?ﬂ could he the possibility of securing asymptotic freedam
for the theery - i.e. the possibility that fiffﬂm decreases 85 cnergy
inereases = Juatifying the use of perturbetion theory in strong interactlon

physics.

How, so far as asymptotic freedom is concerned, it must be stressed
that exact colour symmetry is a sufficient condition for this, but by no
means hecessaty. It is a commonly held - but & fallacious - beliel that
massiveness of vector mesons snd Higgs-Kibble seslars always spoils asymptotic
freedom. The little-known work cof Chanag L y Fradkin %) and cthers has
conclusively shown that & gpontaneously broken SUC(B) can also be asymptoticelly
free, pravided the Higgs~-Kibble fields belong tc special classes of

representations and there are relations among thelr couplings (;supersmetric
theories provide examplas of thisl.
Regarding infra-red slavery, an important result has recently been

previded by Appelquist,Carazzane, Kluberg-Stern and Roth. These authors

analyse production of massive fermions by an external current in a massless Yang-
Mills theory for infra-red singularities. They prove that to the lowest
non-triviel order there are po infra-red singularlties when transiiion
probabilities are computed., They conjecture that their results hold to

all finif{e orders. There is,therefore,nc special piling up of Yang-Mills

infra-red singulerities, at lesst in the colour—ewitting process they cemsider.

An objection has been raised to the work of these authors: could
it be that 1f the perturbation series for an infra~red ampiitude wes summed
first (with an infra-red cut—off imposed) and the cut-off removed after
summing the perturbation series, the infra-red singularities would pile up,
instead of cencelling out? And then if these singularities are taken
,seriocusly, transition amplitudes involving colour non-singlets may go to
zero {(similar to the setting of z = O for the ultrevioclet singular
caae]. This of course these authors have not checked, forone dees not
know how to sum relisbly the pefturbatinn series in a field theory. But
one must make one point strongly which resu_‘l.-ts from the work of Appelguist
et el. Their result is that Yang-Mills theories bhehave in

» Though Higga-Kibble scalars can be found, even in this model, which

gould make the gluons massive.
=10

axactly the same manner as electrodyneamice so far a2 the infra.red behsviour
of the metrix ejements they consider 1z concerned. Fotuing is aingula= in
either theory up 10 & given order of computstlon and no matrix elements vanish.
To & simple-minded physicist the morel I8 clear; either both Yang-Mille and
elactrodynamics ccofline or both do not. A1l irn 211, 1t seems no leonger

plausible that the infra-red slevery hypothesis can be relied upon to produce

exact confinemeut, for all physicel processes involving colour.

But what =zbout partia) confinement ¥ This 1a the hypothesis that
quarks and glucpns - partons - while fairly memssive and thus hard te rroduce
as physicel particles, behave ag if they were relatively 1ight — and even
fres - inzide colour-singlet hadrons. This hypothesis - also part of the thecry
of the SLAC bag — I find perfectly plausible, The first Person whe recognized
pertial confinement was Archimedes - relatively lighter and freer * 80 long
a5 he remeined inside his bath; grosser and heevier when he left it. Pexrhape
in his hopour we should call pertial confinement, the "Archimedes effect".

Clearly partial confinement does not require massless gluons G(8) nor exget
SUC(S) .

Te conelude: Ir fractionelly chapged
quarks are not found empirically the cther alternatlve -~ of integer—charge
quarks - 1s perfectly vieble (ae T shal_l show) and provides a complete
and {so fer as present experiments ere copcerned) an uncbjectionable model.
It should be discarded orly after experiments fail to show (short~lived)

integer-charge quarks and not beceuse we may harbour theoretical prejudices

based on a pricri confinement idess,which are yet far from definitive deva:'i_oyn;qnt.

I would go even further: Even if the most elegant poseidle theory could dbe
constructed to confine querks, the question whether they are confined or not

ig gtill an open experimental questicn and can only be settled empirically.

# If Archimedes was ne denser than the "salt weter
in his bath, and if 3s&lt water of the Ionian sea were non~viscous, Archimedes

would have been as free as 8 parton swimming In the gquark-giuon ses inside
- hadrons, As emphesised by the proposers of the SLAC bag end by T.0. Lee,
partisl confinement is acsomplished most simply by a scelar rield interacting
with partons end glucns and  exhibiting a superfluid phese. It would seem
that the origin of the peculier perton dynamics {(aArchimedes effect) lies. 8B

wach in scaler {(or spin 2 tenscr) meson exchanges &8 in spin 1 meegn excheuges.

-11-
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V. QUARK CHARGE AS REVEALED BY LEPTC-PROLIIT..N EXFEFILMERTS

If partons are (predominantly) quarks, there is cne parton suws rule
from lepho~production experiments, which is alleged £tz show thac guark charges
must be flavour-charges and fracticnmal. We wish to examine this sum rule and
show that in g gauge theory this particular sum ruls does not provide any
gquentitative distinction between the fractional and integer-charge models.
But bafcre we do this let us consider colour gluons.,

5.0 Where are tgg_colour glycons?

As stated in the previous gection, the photon in the integer-charge
madel contalns flavour asy well as colour pleces; lgnoring the very
massive SO particle, the photon's composition is of the form:

G
T4 = %w+%u = G1+ﬁ; .
S

Before we discuss the role of the colour piece U in electroproducticn,
we muat consider the actual productlon of the 17 o© gluon in et 4 e”

annihilation experiments at Frascatl, DESY and SLAC., Which one, if any,
of the varlous J/§ or other et 4 & structuresrepresents the coloured

glwon U%%

+To answer, consider the three possibilities for the J/¥ objects
permitted in the type of gauge models we are considering and which cootain

both charm and colour.

(1) Fractionally charged model

' Charm excited but colour completely confined. Assuming the ratio

+ -
'y
R = e e < hadrons equals

= Qe {as in the naive parton wmodel],
>y o+ U-

quarks
we find R = 10/3 for fractional charges, contrary to the experimental value

# 5.5 for the region avove 4.5 GeV. But leaving aslide this difficulty,
the popular explanaticn of gll 17 J/¢ particles as charm-anti-charm
composites en‘counters the well—known problem of explaining the narrowness

of ¢ and ' widths. The standerd way to resclve this difficulty is

to rely on HATR-FPIN ALGEBRA embodied in the form of a theoretically some~
what mysterious Zweig suppression rule, As is well known, such a rule ig
incoﬁpati‘nle with unitarity. Even ignoring this, one finds that there really
are two rujes: one, the Zwelg rule which operstes, for example, for ¢
decay,and second, the guver-Zwelg rule, cperative for J/¥ particles. The

super-Zwelg rule myust find an extra suppression factcr of 1/950 or so from

energy denominators, or a unitarity "corrsction™ gver and above the normal Zweig

ruie. The charm-anti-charm model for y , ' is nct altogether without its
difficulties.

~12w

{23 Second posaibtility

Colour excived vut mot charm. This is the alternstive =coerted

by Matthews, Feldmsn, Stech, Bars, Peccei and Yamsguchi snd cthers. Here

Han-Rambu
charmless guarks

slightly nearer the empirical value than}the first elternative. This model
- - E)
predicts five coloured 1 gqg composites ™ and this In fact is at present the

number of J/¢ structures between 3.1 and 5 GeV.

This is ndice, However, the problem of P, @' width is still
acute. This is “ecause, even though all decays go via the virtual (or real)
photon end a factor o may be found from this mechanism,s factor ® -513:-' rltﬁ

is still missing if we are to understand the narrow J and Y's aa& colour
composites. in other words, the same euppression factor which for the
firet alternative was needed %o diminish Zweig to super-Zweig is needed
here beyond the factor o already in the model. Now both (1) and {2) above

may be exireme views; there is a third poserible alternative.
(3) The thirg alterpative
BOTH CHA®M and COLOUR RXCITED in the same energy region. Since
& =6,
ell querks

a nalve identification of this with

+* -
e + e -+ hadrons

oyt e

R =

would appear to sccord better with the experimental value of R (see 1later,
this sectlion, for a more correct identification). This alternative would

predict three more structures besides the five already seen, but would cast

%) fere SUCCB) breaks into sucfzi x Uc(l). This Teature is possible to in-
corporate by 2 rather simple variant of Higgs-Kibbtle scelars in the model of

this paper.




no new light on the diiemme of narrow J/y and ¢! +widihs. However it

permits us to take the view that even if most of the SIAC structures are charm-

anti-charm composites, the coloured UG gluon {2 few MeV wide)
mey lie among the tangied set ¢f resonances around the 4.1 GeV region. In
this section I shell take this view; later we shall examine whether Uo mey

not in fact lie in the Frasceti region - between 1 and 2 GeV in mass,

5.2 Colour suppression theorem for lepto-production

We now turn to the parton model sum rules for lepto-production.
3)

Foy and Ra)akesran and Pati and I independently proved the following theoren

during the summer of last year.

Theorem

On ncecount of the gaupe nature of G(B), there is & demping facter

a

Fro

= OJ which (1] depresses colour eontribution tc SLAC and PNAL elcceiro-
o £
[q®|+m

e

production, =s well as colour contribution to neutrine production,and (2}
a
I, . . -
ceuses  —* (f 0) in electroproduction to scale in x, vhen G(8) vector gluen
T

contribution is taken inte account. As & consequence of this suppression,
colour elfects will not show themselwes in present electroproduction

experiments except,at most,at 155 level.

Proof
The mechanism of colour suppression s very eesy to comprehend.

It comes about basically because leptons are SUC(B) singlets. Write

the gauge Lagrengian Ligg S8W I+ 1 (8 Jcolour . where the photon is
L, 2 1,01 i L, &L % Wl J= +
et T g We gy . - SE * f2 rr™s ~10] and  Jy Jflavour Jleptans

We want to compare, in electiroproduction.

ihe

i —————— % % W B Y KT

’
k
A
|
vs, -
colour flavour
i.e. 1
ﬂ
k4
‘'n
X
.
VS,
colour tlavour
[l
"
IY
2 e
i.e. the propagators fg <WU> vs. =3 <W> 3
assuming that the dynamical factors <NlJcolour|C°1°ur> and <NFJflavour|ﬂav°ur>
ere identical.
LV 0
I
"
IT
o
N
~lf- .
LS



Now conslder what the propagator _!a.cters < H’U) and (W) are.

Write tanb = g/f % 1/10 . The two elgemstmtes for the W,U system are:
4 = combW + sinbU
E s «giphW + eogbl

Simnce A end U are e igenstates,

1 .
(M>‘l§ |<>= F

2
1 a oy
Hence
2 2
cos @ sin 8
<W> - ——é-- + 2 r L)
q L -y

1
WOy = sipf cose[l'-z—— 5 2]

(UU) - sin2e - cos'ze

2 2 2
g 4 - &y
Clearly the amplitude
Nl colour)
etnmcatom | £ 2 ool
e + K — flawour .
£ {ww > (x IJrlavour [ﬂ.avour )
i N ; +
2 = - 3 == dypamicel fuctor.
2 a -
Thus the cslour amplfitude is demped by the factor 5
Guantitatively, therefore. i = 1,2(,3) E
. ! mﬁ .
colour
Fy(a?) = TR0 (0] + (@?v) .
i i 2 2 ;L
L fal® +

{for electroproduction q2<‘. 0), and there is implied m colour threshold

factor below which Fiolour £ 0 , Before we consider guantitative estimates,
let us take nmote of one other (dynamical} source of colour damping. s
we all know, Fi(qg,v)‘a acele, 1i.e, they are functions

-16~

2
|70Ur
of cne variable x = -L . Howeyer, th)‘;s scaling, 80 far &s Fﬂ are

concerned,does not set in fully %311 q empirically reaches the velue ani

) Piot of moments B,(q*)

Staling region
Bn(qz) = J ¢ Plu,g)

2m? 2 20
9 q
Scaling implies B (q°) = B_(«).

We shell assume that a similer dynamical effect exists for the approach

to scaling %0 far as F;olcur is concerned except that g would have to reach
the charncterist-fc colour maks amU (rether than cherecteristic flavour
HBSE 2m ) befocre full scaling is operstive. This (um-understoed) dynamicel
effect empirically provides another suppression scurce for colour {snd

flavour in the appropriete region of qz). Thus, finelly,we expect

2 2 2
colour ~ :‘u x dynsmical approasch factor to scaling z a
flavour 121+ 2 2
My 2 2 2 2%
for &ne < q° < amu
2z 2
~ EmU 5 x 1 vhen q2 N M > ZmU and M2 A, - q » ecolour
1(1 !+ mU threshold.

The two regicns for q_2 essentially spen SIAC and FRAL kinematic regions.
gubstituting mumbers, it iz easy to verify thet with m, ~ L GeV, the
suppressicn factors for colour are %‘--— I% for both SLAC and FHAL. The
colour/flavour contributicn never excesds 10~15% at most.

17~




5.3 Coteur suppression for neutrino-production

The same damping fector can be shown to be aperstive for colour
production by meutrinos. As stated earlier, the charged glucns Gz end
+ < W s ! : . \ . G z
GK* mix with o the mizing lerms being given by sin(8+¢) FiJ g/f
) ) . lranE mW
and cos{f+é) o g/t

(9 and ¢ zre {n,A) ard {p,c) mixing angles
3

respectively (eCab*bbo =8 - m}j. The neutrine preduction cf celour ithen goes

through the Aiasgram

colour
s tiavour

This must be compared with the flavour producing diagram and once again

one can demonstrate the appearasnce of the damping factor in amplitude,

2
%5
l9%}+ g
2 G
5.4 The guark charge sum rule
We now turn te the sum rule {proposed by Tlewellyn-i BTl

others) whieh is supposed Lo provide evidence for fractionsl quark charges.

Consider
oS u E .
_F v xr ¥ dx = T
. J ?
aric + o -)
Y A4

Neglecting gluon comtributien frow the parion medel, this equals

i ' 18 = 0.2¢ .
For the fractional-charge mndel, the righi-hand side eguals 5/38 0,28, Tor thre

g —yn . *rw For onl  th !‘i"f.
integer—charge medel, without any suppression Iacter for colour, the rog
side equals 1/2 . With coclour suppression, ss discussed above, the right-

pand side should resd:

v i st

< + S fnE
.= <L‘flv>eN <& <‘col>el'!
b 2 2 !
Py * < PO
¥lere ¢ o~ F- = i i i
T35 - Thus,with this Suppression, the expectation from

the integer-charge quar¥ wodel is 0.28 + 0.03 . The experimental evaluation

of the left-hand side simply cannot distinguish between the iwo cases.

f |
Experiment

W — — = = o —

1 T I

5118 1 1 +

1 I .
5 100
E,
5.% The gluon contribution @ structure functions

The gauge character of G{8) gluons has an important bearing on the
gluon contribution to the structure functions. Bell, Llewellyn-Smith and
cthers have zhown that in a gauge theory the behaviour of high energy,
high momentum trensfer form-factors for spin-one gluons is similar to the
behaviour for spin—% partons (as it should be in the context of &
renorrelizedble field theory). This is very different from the situaticn
for ncn-guuge massive spin-one particles, Far example, if G(8) were not

gauge particles, their contribution {(as partons) would give & q2/mE non=-

2 2
scaling power violation to Blorken behaviour for Fl and E%—,a.m:’i ( 35}
2 |2 m m
in FE . The extra factor —E—“——E helys in restoring scaling behaviour
g° -

to both F) and F, when lqgi

o * ® . More specifically,

pbove cclowr threshold _ Fbelow colour threshald
Y

)

q - o
while

-19-
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m. i
N ; 1 =
G F;lavour + 5 i = fi' E:FQ{X, + gix)}
“ " +my) U
r N 2 Y 212~
+ xGix) L% + 2 ig—L -z 33] | s
372 3 1zl
i U
where "7:) is the gluon form frotor. The erperimental quaniity which

menifests the effect of G(x) most clearly is the retio

ep ~ED 1 |
- x Gix}
ﬁ:_F? 2x ¥y . 3 X {
d i ep " / o+ Sl ) o
T 2x Fy 1] v w zz:x {qlx) + glx)} oy
9L
Thus aw-f Y esymptotic=ily and it scales. (Apparently thers are recent
T
[+
: L . :
experimental indications ihat indeed 5 does sheow this behavicur. )
T
dznﬂﬁ
Note that G(x) contributes asymptotlenlly to axdy and
2 2
d MG
I ¥

X . .
Ty a term - {2=-y} E=G(x) . This linearly dependent (1 - ;)

contribution may bBe relevant for high ¥, low * ancmaly.

2

'
It is worth remarking that the factor —— &cts, not as

q _mU
damping, but as mn enhancing factor for time-like momenta q2 > 0 in the
Ial hed
z - . . . + -
region q“ < EmU . This is the situation for e + ¢ — hadrons., We
+ -
€ + ¢ =+ hadrons

expect R = to show & compliceted behaviour with an

st T
enhancement Tollowed by & damping, straddling the reclon 42

there is the expected gluen contributicn; so that zltcgether

mﬁ 2
= _ L
Relavour 3 = hcolour(q‘e““i +
oy
LQ':‘?,\ 3/2 i o ‘H\‘i
3 (1- ‘;k' Iy~ . 2927 a
5 2) \ Bl iy
q : m, e
8 U

2
doze elso that for g = Em%

= { =6 .
K Rflavour * Rcoloux (querks)

¥For q2 + @ {barring effects of anomalous dimensions in the propagetors

for photons and glucns), R —R

1 1
B avour + § o where Y is the asymptotic

gluon contribution.

To summarize, an important consequence cof geuge aspects of coloured
vector gluons is the theorem that in lepto-productlion colour does not
shine too brightly asymptotically but is not invisible - showing itself
most clearly through the gluons.

vI. GLUON AND QUARK DECAYS

6.1 Free gluon decays

The mixing of G; \ Gi’ with Wt induces decays of free chearged

gluons:

+ eV, uv.

+ M, KK, 37,

+  FTEV  KKev, fnev .
But nct +  evm, xev .

The semi~leptonic decays with pne pion, one kaon and one n  will not
oceur (except in a higher order) since G(B)'s are flavour singlets, This
cortrasts with flavoured oblects like D, F particle decays where such deceys

. 1 1
mey be more likely. One can estimate that G:t » L2 o

o Al
a T Tev 30 ~ 10 8o

o legfinic % 15 « 20% if m, % 3 GeV
& = 20 - 25% if m, % 1.5 CeV
and
TG, &= 2 xlo"u‘ m. 1.5 GeV
(Cp g ¥
® 5 ¥ 10'16 n, &3 GeV
%10-16 m, 2 4.1 GeV .




6.2 Dimuons

G-W mixing diegrams will give rise to &ilmuons:

v T

P

Notice that there is no sinzec factor, though there Is the kinematic damping
factor mentioned eerlier in Sec.V. The net effect is that dimpon rate is

of the same order of magnitude as the rate from charm production -~ which of
acurse ia additionally present in the model. Cnce sgeir we siress that for
productlon end decays of eharged G's it is KX pairs (and net singie K's} which

are likely to eccompany dimacus.

6.3 Quark decays

— - - ~!

W-X and W-X mixing is the mechanism respcnsible for gquark-
lepton trangitions with A¥ = 0 , AB = AL . {An important characteristic &)
of this model is that there is mo Airect Xo-WC mixing.)

Yellow and blue guarks

The basic diagrsm for decays of yellow and biue guavks is as showa,

The important puLipt

effective Lagrangian.

*
It is possivle to srrange the Higgs-Kibble pctential so that e, = ¢ inp

the tree appr_ox:lmation. In this case, for the basic model, the quarks, or
rather the lightest amcng the guarks ic stable, Assume this is p; . Ther

other quaerks decsy ms foliows:

Yy pg + (virtusl or reel} & - ev,7m , etc.

ap - pg + (virtuel) W ~ ev,mm , etc.
There is, then, the unattrective possibility of & quantity of pg matter

being present in the Universe.

Tow even though the potential mey be arranged such thet ey = o]
for the minimum in the *ree epproximetion, thic mey not be & stable situation
vhen radistive corrections are taken into accocunt. T¢ complete the list of
possibilities, it is even concelvable that (1) such redistive correctloms,
or {2) spontapecus symmetry bresking in & parity-conserving supersymmetric
theory (vhere some of the multiplets must contain F = 2 secalers for the
sake cf parity conservation {eee Abdus Salam and J. Strathdee, Nucl. Phys.
BYT. 292 (1975}) or (3) sponteneous symmetry bresking in theories where
fundsmental fermionic multiplets contein both perticles and entiparticles,
may induce |AF| = [AB| =2, AL = 0 transitions{e.g. J.C. Pati, Abdus
Salam and J. Strathdes, Nuove Cimento 26, 72 {1975)). Thus

{g : 2} could elso be & theoretically possible transition

to resolve the quark dilemme &s suggested by Nambu (for a discussion see

9 =+ Tmucleon

J.C. Pati, 5. Sekskibara and Abdus Salam, Trieste preprint, in preparation).

™
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The foctor in the brackei is of order m107 3, with the mass of X adjusted

from K—re =+ rate.

We nou show that the predominant dechky oI vellsw and blue quarks® is
into peutrinos {(and mot electrons) + mesons. To see thiz, consider the

relevant decay disgrems {for example for ::g) in detsil

xf w X W x-
l" + l”

5o Z ” =

(4] 2)

at

N

n; e-
(&)

ALl three diagrams are finite, but while the first is inversely proportional
to the square of ope large mmss, the othér two are inversely proporticnal
to a product of (sguares of) iwo large masses. (The plon is & composite
particle in our model with m form factor e 1/q2.) Thus the first disgram
dominates over the other two. The experted decsys of yellow and blue guarks

gre:

hd Ve + plions, vu + KO + plons ,
v} .
oyt pleons, up + K + pions ,

-+ v +n,\}e+KD+pion5,

"
+ “D V]
BT RyptT o AgtT,

+ - 4
+ +
- ve D ., vu F

*} In all these caleylstions, possible contributions from {intermediste) Higgs-

Kibble particles have been neglected end only decays involving gauge mescns have

been included. These Higgs-Kibble contributions ere model dependent. Their
inclusion affects the ratics of leptonic decmy rates versus semileptonic decays
of gquarks, Some simple models will be considered elsewhere.

Tk

{asauming thet D apd ¥ mesons are lighter than C; B)‘ Fote the strangeress
selectlon tule among the decsys (mon 1s strange and \JB charmed} .') For

m, ~ 2 GeV, we obialn T, o w107 1o 10712 gecs,

To éuznmrize, for yellow a.nd ﬁlue quku, firstiy the purely leptonic
mode is ~ suppressed cowpared with seml~leptonic,and secopdly yellow and
blue quarke decmy predominantly into peutrinos + mesons end not electrons
(or mions} plus pesons, ’

Red gusrk

The decay of the red gquark proceeds differently from that of the
yellow and blue quarks in the simplest basic model we have constrected and
vhere weak intersctions proceed only through BU(2) x BU(2) interactiocn.

Since the model does not permit direct X — wg niring, the decsy
gust proceed indirectly. There are two broed cases:

G
The red quark mass exceeds the mags of the vector gluon. In this
case, red quarks decay predominently into peukrinos + gluone + mesons with
lifetimes comparsble to yellow and blue quark deceys, ¢.g-

(1} m >m
I L 4

)

d

o - + (¢} 0 G
Prea Gp+ T 4y, , or nY-b'f(intislightertha.npre

- - - + -
nred-vsé‘i—ve,npi'w + 7 +ve .
@ mem
This is the mcre interesting cese, in the sense that here charged
red gusarks may have long lives  “m ],0"8 gecs. This 48 because n; and

3, can decay only by utilizing both G~ «*¥ and 6 ++X nixings; e.g.

np A

g oruo+n

_Also’ the ;mrelr leptonic decays are sizeabie.

As remarked sbove, iT the weak interaction gauge group is larger than SU(2) ¥
su{2) {for example Splk} x Sp{k)),the distinction between yellow and blue vs.

red quarks, so far &8 lifetime estimates are concerned, disappears, though the
peculiar characteristic of only red quarks decuwins.iu_to electrong or mm .

+ mesons remains.

%) If instesd e is strange and v, charmed, the roleof y and ¢ i

reversed. —25-




Proton lifetime?

With all quarks decaying into leptons + mesons with lifetimes
. - -12 .
ranging between 16~ -~ 10 sers., there is the question regarding

the Icngevity of the proton. Is the proton sufficiently long-lived?

The proton’s decay 1s & AR = 3 transition, sc that an effective
{dimensionless) coupling parameter xlc_g for quark decays translates into
a parmmeter 1:10-27 for proton decays. 1In spit'e of the smalliness of this
parameter, we ind that the procton dees live %1030 years, though the para-
meters of the model are stretched toc their limit.

Empirically, the first estimate of a lower 1limit for the proton 1ife-
time was made by Goldhaber, whe estirating the smounl of radicectiviiy
releesed bty proton decey from the human frame during a 1ife span of three
score years and ten - and from an estinate of deletericus effects of this
radicactivity on the humen frame - estimated that proteons must live longer than
1016 veurs. Subsenuent attempts at lifetime delerminstion are listed in

the following taeble.

Experiment lower 1limit to proton life method
Gnldhaber > 1.4 x 103'8 years Sponteneous fission of Th.232
s
Feines, Cowan ani >10°° ¥Ears Toulene detecter 30 m below
Goldhaber {1950) ground
8
Krupp and Reines > 10 vears detector 585 m below grovnd
{196L)
Gurr, Krupp and 8 x 1029 YEears detector 3200 m below ground
heines  (1067)

. - . a0 + .
Reines &nd Crouch >2 % 107 years P+ i {5 events) re-analysis
(1974) of 1967 experiment

Fiorini et al. 2 i
— T197h) >0 6 years Mont Blenc tunnel experiments

It 1s worth remarking that from AF = 0 and charge conservation,
s oo F cas . . s
the proton positive muon {u ) tramsition can cceur only if the minimum number
ol decay producis is four or [live:
+ +
P+ 3us+m , v +uy .

Thus the muon is likely to carry sway only a smeil frection ¢f the rroton'ts

rest energy. This has important implicaticpns for the design of an -experimeét
-

for detecting muons from proten decay - the muons sre likely to be slow muons.

In the design of the Gurr-Krupp-Feine: experiment of 1967 (which gave &

-

signal of five muons possibly ascribable to protons decaying) the expectation

waes thet the Tradominant decsy mode of the proton mey be i
¥
‘&
+ .
P ouw oy, !
.
so thet muons would be fast. This particular decey mode with [AF| =k is
highly forbidden in our model.
- + ¥
VIIL. SLAC & + e - P~ + e EVENTS AS POSSIBLE DECAYS OF RED QUARKS AND
ANTT -QUARKS
It is conceivable that red quark (peirs) have already been created "
at SLAC and the | + e events are signals of their decays. Below we present ¥
a hypothetical scenario for this,which will held provided the messes of '{
particles concerned (glucns and quarke) satisfy the sequence m(G) < m(qred)
L9
< 2 GeV.
First, remark that 1f SPEAR does indeed see three-body leptonle
+ -
Gecays of a parent({and anti-parent) produced in e + & , this parent cannot
be & guark - since purely leptonic deceys of quarks, in our model, have too
low an absclute probability. {The parent being detected cannct be a blue
or yellow quark even if the decay is two-body, since blue and yellow guarks
decay predeminantly into peutriucs + mesons, Thus SPEAR may be producing
blue and yellow quark pairs, bul they are simply fuelling the energy erisis, "
inscolar as their decays give rize to invisible neutrino energy.) I¥
"
We suggest that the e evenis are products of & double chain, where ot
faee o+ g L +g "
® Yed T Yrea
with
Gt 64y (lifetime 10710 _ 10712 gees.)
followed by \
G o+ e + Ve or W+ '\TU {1ifetime ~107 secs).
For this explanetion tc hold,
i
¥
< v !
(1) m(G)(m(qTed),‘_ 2 GeV; 4
i



{2) As stated earlier, for such & low mass gluon 0 , the leptonic
branching ratic m20-25%. For the production ratic {notwithstanding any

+ - — -
colour suppression) for e + e producing ng oy end AR AR . we estimate

R Z Q‘f‘la)zm
2%

uopJ
\O[H
nm

i

Thus the (ue) rate

1.2 1 1
p-) i 5 x {E'to Kﬁ X p
= 2p%

Here p 1is ti:» unknown factor estimeting querk-anti-gquark recombination
ratio {prior +¢ reel decays into gluons + neutrinos With p o L we obtain

2
the sort of estimate SLAC make for ¥e rates.

If thiy indeed is the explanation of these events and SLAC is
preoducing @ pelrs, there are some peculiar cheracteristics which must be
emphesised:

{1} real qF pairs give final stete hedrons displaying & Jet
strueture. If partons are invisible quarks end must recombine to produce
normal hadrons, it is difficult to understend the persistence of Jet structure

after the recombination process has taken place,

{2} As emphasised before,yellow and blue quarks decay into neutrinos -
one more reeson for the energy crisis.
(3) In eddition to nps )R quark production, there is the

probability (in fect,four times larger,since R (2/3} = 4/9} of

0 0
*Cg
() oo
neutral-pair (pR,pR) and (c R, ] production in e+ + e~ events. These
{red) quarks may decay with emi'sion of monochromatic Y-rays,
0
pR+ +)‘

y
ny
|-ov + mesons

m(ng} < m(pg)

ir

+

{alternatively, pg - G; o+ ve)

-28-

1t =G} i m(qred) £ 2 GeV, the above explanation for (ue) events
canpnct hold. wWe must then ascribe SLAC events toc three-bedy decays of
heavy leptons, or (the less likely but not excluded} two-body decays of
charmed or coloured mesons. Between hesvy leptons and qQuarks there are the

following crucial differences:

{1) Quarks mostly decay semileptonieally, heavy leptons presumably mostly

through purely lepionic modes.

(2} Production rate and scattering characteristics off matter for

strongly interacting quarks are different theam for heavy leptona.

(3} Neutral guarks carry the “hidden" flavour charge for
asymptotic q2 + Thus for
+ - 0."0
€ +e —py +pp
2,2 4
R>(3 =3 -

Heutral heavy leptons,on the other hand,ere unlikely to be produced

+ -
copiously in e + ¢ annihilatien.

We turn finally to the guestion; can gluon mess be as light as 2 GeV
or less? Pati, Sucher and Woo (unpublished) have estimated the branching
ratics for a possible gluon of —ass as low a5 1.5 GeV produced in e+ + e
annihilation in the Frescati region 1-2 GeV. They estimate o

¢ +» et re 1 Xev

+ ut ey 1 kev
+ mmy, n'y, bmy 1 MeV
+ 3m, 5m, pm ~1% -1 MeV
+ 2m, 4w ~I'?J'Mev

and = photoproduction ratiec

. + -
yamZ : ﬁ - e+_+ £ * A 1073
b e +e + ¥

Apparently, at Frascati, a sweeping search for 1-2 MeV narrow resonances
{1-2 MeV width) has not so far been conducted for the whole renge of'energzes.

I understand it is now in progress.

-20-




| Qne finad polnt; for a gluon as low In mass as 1 Gey, the effect on

’ 2 : 2
f; 1 ul B
(g2 is estimated a3 = [e -_— rm @ 10
)‘-‘ ? e 1o0° mGJ

(m

2
5~ 1 eV, vas) .

. -8
Since on present evidence IQED—expermen‘tl £ 3 x 10 , one camnot exclude

the existence of such particles from present (g—?.)u measuremetts .

We have presented this scenaric for SLAC pe events, assuming all
masses involved are working in our favour, simply to emphasise that integer
charge quarks - decaying semileptonically - are not exciuded by any experiment
yet performed. If gluon and guark masses exceed 2 GeV, SLAC is obviocusly not

producing quarks in this experiment yet.

VIIL. SUMMARY AND OQUTLOOK
Te summarize:

{1} Integer—charge quarks decaying intc leptons + mesons mey exist.
There is no guark dilemma for such unstable particles, which may already be

produced in p~p coliisions.

{2) Lepto-producticn sum rules do not fevour fractionsl charge-
quark models over integer-charge qua.rks'. In lento-productlon coleur is
not averbright, but should be seen through giuons.

suppression of colour in F=N experiments.

There is no

{3) Integer-charge yellow and blue quarks vredominantly decay intc

- _12
neutrinos + mesons with lifetimes %10 L. 13 e

ascs. and are perhaps uninterest-
ing. Red quarks may be more interesting in the following sense! 1f vector gluons
with masses lower then red guarks exist, and if m(qred) < 2 Ge¥, the

production and decays of red guark-anti-quark peirs wmay provide a possible
explasation of SLAC (}.\e) events. If such {low mass) gluons {lighter tkan

quarks)do act exist, red guarks may have long lives ~10 ~ secs.

These predictions are based on the basic model suggested in 1973.
This model assumes thet {1) there are no heavy quarks or heavy leptons,
= )]
. Leptor Lo+l (3) the
weak interactions are SUL(E) x SUR(E) and not more complex (e.g. SpL(h) x gppull,

{2} electrons and muons carry the same colour (L

{4) the predictions may depend slso on the structure of the Higgs-Kibblie
particles, The heavy leptons -~ if found ~ pen Without difficulty be mecom-
modated Into the model as one further basic fesmionic mittiplet. However,

the details of predictlons regarding quark decays will alter to the extent that
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red gquerks will In ell cases Lecome az shori~lived as yellow and blue guarks.
At <the present time the only experiment which eppears to ~sll for the existence
of heavy leptons is the SLAC pe experiment {and uone which calls for heavy
quarks . Ir SLAC events find an explenetion in terms of red quark-anti—quark
decays as discuszed in the previous section, there would be no need to intre-
duce eny heavy particles and one may get by with the rather elegont basic

#odel.,

Undoubtedly the Gell-Mann-Zweig quark concept (ae cne more stage in the

erchitecture of matter) was the most important concept invented ip recent times.

If quarks 4o exist as physiesl particles, does this meen that we must
expect, at the next energy ranpe, the existence of PREQUARKS (PRECNS) and then
perhaps the pre-pre-~quarks and sc on? Does the chain end somewhere, as it

appears to do for leptons {with newtrinos and electrons)?

My feeling is thet guestions like this are nct well peosed in terms of
"elementary" constituents of metter or "elementary” fields - such guestions are
better posed in terms of "elementary charges™. Our basic concern can be:
how meny elementary charges are there? Is there mn end to the succession SU(Z2),
SU(3), 8Uk) « or even, sre we looking st thege charges in the right way? I do
not think, to this issue, the precise complexion of elementary entities, appear-
ing == physical particles, has much direct relevance, though some choices may
be more distingufshed then others. (This much one mey concede to the bootstrap
rhilosophy of the last decede.] But having said that, and being guided by the
observations (1} that "elementary leptons" - well described by locel elementary
fields - do appear tc exist,and (2] that there should be no sbsolute distinetion
between leptoms and hadrons as representations of the charge algebra, 1 tend
to believe that the hedronic chein ends in the same menner ag the leptonic,

i.e. with some sort of visible ® quarks or PREGNS.

There appear to be at present twoe or three different ways of under—

standing the neture of charge.

*) The convinced confiper can turn the argument the other way rownd snd posit
that perhaps there exist pre-leptons which are op per with guarks and slso con-
fined. This is & logical possibility. On the basic level, our criticism is

directed to the theories which postulate two distinct ends of the chbein - one
practicel level,

for hadrons and quite a different cne for leptons. On theﬁ/the mein thrust of this note

is that — with the case we have made out for integer-cherge visible guarks -
it is experiment slone that is the final erbiter of what stege in the architec-

ture of mstter we have reached at present energies.
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(&) "he humble suggestion - which one must mot lose sight of - exemplified
Ty the hydrogen atzm's 0(4) which seeks the origin of conserved quantities

in the dynamicel accidents of particular"Lagrangians, when sclutions with

special boundary conditions are sought. The present precccupeticn with the

so—called topologicael guentum numbers is a part of the seme mode of thinking.
From this point of view,there may be no finality %o the symmetry group chain;
possibly the higher we go in the scale of energies, the more guantunm numbers
ve may disccver. This is in accord with the ideas of Wheeler on the topological
nature of electric cherge. !

(B) The Einstein path. Einstein found a deeper significance for gravita-
ticnal charge in terms of spece-time concepts. Einstein himself unfortunately

never stressed charge; his preoceupation was slways with the gravitational field
and, in later life, with the electromegnetic field. Klein-Kaluza tried to ex-
tend Einatein's ideas, concentrating more on the charge concept. They pos-
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rulated a fifth dimension - something very small =i cms, $o that we cannot

directiy appreherd it - to understand elestric charge. In the spirit of
Klein-Kaluze, the duasl modeliists (Schwarz, Cremmer, Sherck, ete.) suggest
taking their (4+)6 dimensions  seriously; presosing for example that

the extra O{6) they need for consistency of dusl models Is isomorphic to
sU(k). Freund T%n the other hand,has suggested that there are extra

dimensions but they are "fermionic", in the manner of the dimensions intro-
duced into Wess-Zumino's Supersymmetry by Strathdee and myself. The
advantage of having extre dimensions a&s fermionic degrees of freedom lies

in that the observability problems are iess severe {or non-existent) for these.

Nath and Arnowltt i

U{2) or U{3} etc.) carried by these fermionie dimensions are uniquely determined

nave cleimed that internal symmetry groups (U{l) or

once we speeify the analogue of Minkowskian boundary conditions in the fermionic

superspaces under discussion.

(c) Instead of introducing extrz dimensions, one may rely on extended
number-algebras to spezify nature's preferencé for some symmetry group over
others.  Deepest work in this direction has come from Gﬁrseya) who has shown
thet if octonien algebra is assumed to be the hallmark of particle physies,
then exceptionel Lie groups GE‘ Eé, ET’ EB would play a decisive role. As
emphesised by Gell-Mann, the important remark is these groups all contain SU{3)
or SU{3) x sU{3) or SU{6) as subgroups, so that somehow SU(3) -~ but not SU{L) -

structures acquire a deep and basic significance.

Ferhaps none of these remarks is deep enough yet.But it is through the
appreciation that the charge concept is what underlies particle physics, that

our generation, in its humble way, is begipning where Einstein left off.

~32-

1)

REFERENCES

J.C. Patl and Abdus Salem, Phys. Rev, DS, 1240 (1973); Phys. Rev.
Letters 31, 661 (1973); Phys. Rev. D10, 275 (167k}.

J.C. Peti, Abdus Selem end J. Strathdee, Phys. Letters 598, 3, 265
(1975). The PRECN idea hes been suggested by several authors, e.g.
W. Greenberg, W. Krolikowski and C.H. Woo. For refarences see

W. Greenberg, University of Maryland Technical Report T6-012,

J.C. Peti and Abdus Salam, ICTP, Trieste, preprint IC/75/95, tc appear
in Phys. Rev. Letters; University of Maryland Technical Report T6~061;
P. Roy and G. Rajakesran, Premena, Vol.5, No.6, 303 {1975).

N.P. Chang, Fhys. Rev. D10, 2706 (197h).
E.8. Fradkin and K. Kelashnikov, Phys. Letters 598, 159 (1975).

J.0, Peti, Abdus Salam aend S, Sakekibera, Universitiy of Maryland
Technical Report T6-08L.

R. Arnowitt end P. Nath, Phys. Letters 56B, 177 (1975)
P.G.0, Freund, Fermi Institute preprint EFT 75/51.

F. Gursey, Proceedings cf the Kyotc Conference on Mathematical
Problems, Kyoto, Japan (1975).

“33-




CURRENT ICTP PREPRINTS AND INTERNAL REPCRTS

IC/75/66  A.Q. SARKER and T. 1SLAM: Relarvistic augmented
plane wave method.
IC/T5/03 5. K. SHARMA: On the miscroscopic descriprion of

the YRAST states ip even-vven 2o-1f shell nuciei.
1IC/78/70% S.K. SHARMA: Shape muxing in even-even 2p-li
INT.REP.  sheil nucleir An illustrdtion in “he.

C. ARAGONE, R. GAMEINI and A. RESTUC CIA:
rull co-ordinate gravidynaines and the spin

/557,

Cuclicients,

SALAN

bugtiuen {foi lecueproduciion and newiriie scatternng

1.C. PATL and ABDUSE Wy woloar tails o

e Xpe LIS

L KOSTADINOY: unthie electronic spectrei. of
urdered overlayers of metal surfases.

Wi AL

potenials = V.

USMAND Short-range conelanoas with pseoudo-

[ e PN BOGOLUBOW!
%[ BEL,

A culbnt on the possibiliny

af the nuw TReson tesonatces (3, 75 and {4, 1) Rewg
radial excitations.

T./vuae AVR OIIASZAND Eftect of a niagnene hiele an the
pronan-assisied two-pheton absorption m seni-

caiduciofs.
AT TENNAKONE and RASHID RiTAN:  Neutral
. uurents anad Q50's.

bl ik

e, TE el 5= CIHAS A miodel for Reypeon=Pomnetanchubon
Culs

I PO/ ue™ A USMAN: Short-ranye correlations with pseudo-

IST.FEP. potennials = V1.

KATHAUS KLUF. WUCIECHOWSKID Electronic propertics of
alkali sublponclayers on a nwetel substrawe .

10,75/104% B.C. KHAN: Magaetic fostn factar of B’ i

INF REP. Fel,.

I TH/W0E ML ARCAY: Infuute oubier of vectos 1micsons with

INT REP. T widihs and the aucleon electromagnvtic

form faclors.

L/ToA LS. 1PAT] and ABIDUS SALAK: Quarks, leplons

and pre-guarks.

WA/ 0% MUE. GRYPEDS and B, MAVROMMATIS: The
INT.REP.  funcrional derivadve of the radial distnbution tor

& juany-particic boson systens!

Th/1UE¥ G VENTUR: Monopokes in & poit-abelian paug
INT.REP.  field theory.

JOZTE/UL AR, HASSAN: Magneue exciions by twos phaoton

absorplion n sermcenducton.

1S, 7o 08 (D, DOEBN K and B. PERRUNG: & new olass ol
ENT L RER.  Hamultonians with sa 2,10 o$ spectiuins- generatng

algebra.
IC/ 10 H.D. DOFBNER and ). HENNIG: Frabeddung of the

INT.REY . calilel alpebra jinto coiuplex senusinple Lic alycbras

IC/75/04 B.B. SUPRAPTO and P.o. BUTCHIR: X bopping

conduction by magaetically frozen electeans.

IC/75/U5% } TARSKT:
INT. EP.  ensulig mathematioal questions.

WIS . O ARAGONE: Graviey in the ray gauge.

ARAGONE and W O, GIROTTL:
1 fields

IC/T5/ 00 L
INT.

ol dssive Yang-
A HACINLET AN 2ud M.
analys

KOTAL

IS0 Tranuhary elocuoiayuetic Tiekd and

cylitdncal synpatny.

sl af

JO/NRALEE AR GALASIEWICE: Operarurs of e o

condeusate superfivd phase and soperfl aud velocity.

L RACHAN and WL ZAWADLLIN L Resandigy apT

e =pleion Bueraction e gmall-gap setaondueion

DL ARACONED
CEER. hibvantzed T oof gravity .

mical struction of Yauge s

/704 D HL EL~OWAIDY: Op sability of denvo-pencdic

iNT.REE solutions of son~holunemic syaeins.

IC/%56/180 AR, 11ASSAL:  Indirect two-pholon 113

solids wailr g wagnetic fivld,
T/ TE T AL NDURA: Charged satic flud spheres in

INT iy Emswein-Cartan theory.

IC /TR
TN LREP.

TCLHL OH Tworluop approking ion ol e cifective
poreidind for the Yang- Rl ficld,

/AT L MISHO amd KoS. DUBEY:  On therinad

INT.HDY colducuvity of Info.

ICAT9/10% RO, AKYUL: A probadle peculiary of quantized
INT.REP.  frction,

SHO) de VEGA and 1.0 GIROTTI (o 3 selution
of the dimensonally reyulariced renormalization

/5800

INT.REE.

kroup eduations.

1IC/T0/18 ) GOLKA and J. MOSTOWSKID Theory of clectzon
capture o the pround sate of shablew duiors i Cids

/55, 149 8 P, DAS: Surfaces of disordervd hinary alloys ol

INT REP. d-hand nivtals - [0 Bleciron structure.

HO/U870a8 Ly SATUH: Caleclation of @ AP mwvanani-iaass
aistritation b the reacoon k™d e v fip .

W01 T8, SANTHANAN aud B, CRUBLH: A U0 model

INY.RER,

Tof the spectrun of hadrogs.

VANEDI and &,
paon Tor factor,

10 T s N Calonlation of

INT . REF

ANMIEARJOMAN

T8/ BUML BARRIR and ®.F. oyConNNeL Calivral

relauvisue effects in binary syateins

BEha, 13T CL0 NWACHUKU ard ML AL RASHIL Buges
peperatdis of the orthogeial ar

ul the Ca

83 1Pl wroups.

berizal RBepores: Linuted disinbution.
THESE PREPIGNT
IT I8 MO NECESSARY TO WRITE T THL AUV THUORS.

-1-

S ARL AVAILARLE FROM THE PULLICATIONS GRICY. 1IC TP

Boin Ko Seng fmasles TRIFSTE, |

Fath integrals, disonigred systens and some

Null-plape dyiamies

Ol s

IC,’:T-":/‘].?Q J.C.PATI ABBUS SALAM and J. STRATHDEE: Ate
quarks composite’
1C/75/10  ABOUR RAHI!M CHOUDHARY: Femarks on conformal

mapping methods in particle and nuclear physics,

IC/75/141 MUY M. HASSAN and 8. KHALLAF: Coulomb .

disiniegraton of SLi

104757145

N EDP

£.5. CHEE: Derermining sets for Hawly and Nevan-
i classes in several complex variables.

/S OG0 IWACHUKD and M. AL RASHID:  Algubraic
ientiiles among the infintcsimal gencrators of the
orthogonal and symplectic groups.

#145% 1A, AKYEAMPONG and M.A. RASHID: A nore on
INILAER. an idemity satisfied by the Clebsch- Gordan
cocflicients.

B2/ MY AL NDUKA: Sonw exact solutions of charged yeneral
INT.RCF. relanvistc fluid spheres.

1C/T8/MT b8, CHEE: Zero sets of hounded helumorphic
NG REP. fupctions in polydiscs.

G/ 7071 IRSHADULLAK KIAN. Systems of interlocking
PNT RCP. wortices in gauge theoty with sportaneous symmetry

breaking as models of mesons and lepiens.

5 1007 B, KYRIAKOPOULDS and R RAMACHANURAN:
INT KPP Monupale-antimenopeole bound state.

BI/75/100 M. BUQr O spontaneous breakdown of fermion-

nuiber conservation and supersymmetry.

1C/357152% 1, ST,ESLICKA: Surface states in an exiernal
INT . REF clecuic fleld.

1C76/854 R RACZKA: Present status of canonical }\4,:
quantum field tlicory.

AT LT ML BARMAWL:
17 REP.

Are there accumulation points of
poles of the NN scattering aniplitude

Cu/lTT S, RIADD Shicar zones in nomh Eéypt ingerpreted
INT.RED fromn gravity vata.

K08 1 B DSTROM.  Prounary production studies in heated
PNTRER,  waler - A general discuwssion on ©
therinally polluted waters - and results frotn a pitot

study on the Swedish east coast

InEasuents L

-z

FIPRYIPT Y

1C /75/162F
INT. RIP.
1C /75,1635
INT. REF.

IC /75,164
INT.REF.

IC /75, 160
INT.REP.

/75718
INT. REP.
IC/ 70407
INT. KEP.

N.M. BUTT. M. W. THOMAS and K. D. ROUSE:

Debye-Waller faciors of ¥ Br at 4. 29K and 250K,

N.M. BUTT, XK.13. ROUSE and M. W, THOMAS:
Debye-Waller factors of CuBr by powder aeution
diffraction at Z959K.

E. ABU-ASALL Nop-linear jon-acoustic surface
vseillarions it a semi-restricted cutrent~carrying
plasmia in the presence of a uniform longitudinal
magnetic field.

B. USTROsI: Formulae 1o caloulate the solubility
ofC()z, tatal CCg and prirnary production in sea
water.

Y. REZVAN and M. SAMIULLAH: An 02,1
approach to Maxwell's equations,

R. ALDROVANDL and J.B.S. d'OLIVAL: lLasuny
recombination and cosinic background radiation
spectrum.

T

T

-



