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ABSTRACT
Four wmconfined leptons snd twelve integer—charged quarks are united
; : s . x
in a mfgle fermionic multiplet of SU{h}lflavour su(h)[colour
gauge 1 particles give strong intersctions. The distinetion between leptonic

B The coloured

and quark interections is expected to disappear beyond characteristic energies

of the order of 105 GeV (input Ko + e + U decay branching ratioc). There are
three distingudshing tests for the theory: ’ .

1) 0,/0, in eN and N de ¢ O end sceles in x .

2) Strong coloured vector gluons ‘d’t ‘mix with Wi y leading to ¢oplous

.

leptonic decays of V {branching ratio » 408). In semi-leptonic deeays
+

of V7 , K ,m and n's &re produced in pairs end not singly.

3) Most characteristie of all, we predict quark decays into leptons with

_ violation of baryon snd lepton numbers. " Bepldes conventional charm mesone and

beryons, decaying gquarks and charged colour glucns provide new scurces of
multi-leptons for e—e+.\JN,'eN, uN and BN collisions. The expected
dissocintion of nueleone into guerks in 2N end NN collisions at high energles
and the subsequent decey of single quarks inte leptons {but not mtﬁ,eptonn)
implies a deviation of leptonic/enti-leptonic ratic fundamentally different
from unity.

-

. Ve
) As a characteristic result, we expect Wy~ in W but me W p in VN

or trimucns so fer as the dissceiation mechanism is concerned.
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INTRODUCTION

Leptons and hadroas share equally three of the basie forees of nature:
electromagnetic, week and gravitational. The only force which is supposed to
distinguish between them is strong. Could it be that leptons share with

hadreas this force slso, and that there is Just one form of matter l), not two?

The ides would have sounded fantastic a few years ago. That it dces
not do sc today is due to the discovery of the neutral currents together with
the expectation that this implies a gauge unification of weak and electromeg-

netic forces - and, in particular, the expectetion that the neutrino is now

no louger the, humble, only feebly interacting particle, with none but weak
most Jikel
couplings. Qur preeent view is that the neutrino interaections arelo} as%c

electromagnetic strength {order &); only that this strength does not manifest

itself for presently attained labeoratory energies. For experiments involving

energies and momentum transfers much  exceeding (o Gil)llex 50 GeV,

neutrinos will interact with their full strength (o) with matter.

The Jepton-hadron unifiestion hypothesis would maintain that a similer
expectation can be entertalned for all leptons in the context of strong inter-

actions slso. Leptons exhibit no strong interactions at presently attained

energies. They may, however, do so at higher ensrgies &and momentum transfers,
2],

thereby removing ' the legt distinctien between leptons and hedrong "7

v

In 1972, when these idems were first stated 1), they were heresy. Todey
The

only area of dispute can be sbout the characteristic energy when this uni-

we do not think there is any gauge theorist who will disagree with them.

fication mey manifest ituelf.
2 GeV.

In 1972 we suggested that this charscteristic
energy may be around 10 We fixed on this from the internal consistency
of the gauge theory we had constructed - the input being the branching ratio
of KO +e + u+ decay. Since then we have been attempting to modify our
medel so that it would permit of a charscteristic energy lower still, COther
theorists have argued that the energy in question should be at least as high
as 1019 GeV - the so-ecalled Planck energy given by the square root of
Newtonian constant G
fmportant.

"basic model" and make deductions therefrom.

N at which the gravitational effects slso become
In these lectureswe shall stick to the esriier estimate of our

Unfortunately, even 105 GeV

{in centre of mass) is the energy of the highest cosmie rays, and possibly

unetteinable in the laboratory at amy foreseesbtle future.

-Du

L s =

The basic assumptions we shall make are the following:

Leptons and quarks are hoth elementary entities for geuge theory pur-
experiments, and the predictions

(z)

poses. IT lepions mre composite, (g - 2)

e, .
of the gasuge theory (QED) describing them, would not agree - according to &n
estimate of Brodsky and Sapirstein 3) unless the constituents have maeses

exceeding 107 GeV. The elementarity of quarks {(no power-iaw falling off of their

form factors} is pure hypothesis.
(2)
seme fermionic mmltiplet.

(3)

leptons as well as quarks must be integer-charged and both unconfined.

For geuge theory purposes, both leptons and quarks ﬁust belong to the

-

From (2),we - but not the mejority of theoristis - infer that both

() A gauging of this fermionic multiplet will give rise to 1° gauge mesoms,

among which are the photon, ZO N Ni as well as strongly interacting coloured octet

vector gluons. These vector gluons - which carry integer charges - must also

be unconfined. ;
To summarize, unconfined quarks end unconfined giuopns will be the hall-

mark of our gauge unification of leptons and quarks.

These lectures will be concerned with the conseguences of these idess,

some of which are the following:

— ="

{a) Since quarks and leptons belong to the same fermion multiplet, quarks

can make transitions to leptons, g + & , or to anti-leptcns, g + 7T, with &
viclation of baryon-number and lepton-number, AB ¥ 0 , AL # 0 . (We assign

+1 to‘(ue,e”) and Lu = 41 to

baryon-number +1 to gquarks, lepton-nunber Le
(vu.u-).
(b}

transitions is governed by the characteristic mass we have talked sbout eariler.

Such transitions mske gquerks and protons wunstable, The rete of such

In the basic model, the coupling parameter which determines quark decay rate

into leptons comes out to be 2:10-8 mﬁ , to compare to the Fermi constent

10'5 mi . As we shall see, quark decays into leptons provide & new — end
potentislly the most important - source of leptonic productién in NN , VN
and ph at sufficiently high energies. The mechaenism is &

dissociation of nucleons into quarks and thelr subsequent deceys into leptons.

L - ==

cellisions

For q + & + mescns, AR = -AL , and nucleon dissociation will be & source of
I3 % . while for q + % + mesons, AB = AL ,

the opposite situation will prevail.

lepteons rather than anti-leptons

-3
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with the group theory foreing-unique assignmgnt of electric charge 1f we insist ;:n
either ‘hadron = lepton or flavour e colour symmetry for electric charges

{c) Since querks are wunconfined and decay into leptons, within our model o o 1 1 o

pair production of quarks is & potentisl scurce of milti-lepton events for 1 0 0 N

e"e+ annihilation. As we shell see, in the context of the basic gauge model, Q =

the (pe) events 4 as well as the Jet structure 5) observed st SPEAR receive -1 Y 0 -1 )

a coneistent explenation in terms of real quark-anti-gusrk production 0 1 1 0

{followed by their decays into leptons), provided there exist a coloured octet

of vector mesons (e.g. the gluons) lighter than the quarks (m.v < mq 1.8 ~ Hote E Q2 =€ .

1.9 GeV). quarks

(a) A cheracteristic consequence of cur geuge model - tied to the unconfined

quark hypothesis ~ is thet the neutrel as well as charged flavour gauge mesous Heavy leptons end new flavours can arise within our wnification hypothesis
{W's) must mix (through spontanecus symmetry breaking] with appropriate members if we postulate a new heavy multiplet of similar basic structure - another sixteen
of the cetet of colour gluons. This induces colour excitation not only in eN fold, We in fact did consider such extended versions 1 of the basic model in
gnd WN but alsc in VN interactions. We suggest that the excitatien of the 1973 - guided by varicus theoreticsl considerations. One of these consider—
decaying colour glucns providesyet another prominent source of multi-lelptons, ztions was the separation of electrons and mucns from sharing the seme multl-

on the cne hand, and.on the other,the semi-asymptotic scaling violaticnsr) of pletgzso that, for exemple, KO + e +y 1g strictly forbidden. Tn these lectures.
the Bort observed in VN as well as uN collisions; in particular the we shall stick to the basic model and try to make a case for understanding all
dev::.e.tions discussed at this conference fron the GIM parton model of quan‘é:;.t:ies, oresently known phencmena {including the so-called heavy lepton phencmens)

¥z . oj/c, » =nd flst y-ancmely in 470;/dxdy can be attributed T8 - within the context of this model. Our genersl philoscphy is that the

colour excitation within ocur model. For eN, WN and VN, we predict that wiconfined colour guentum aumbers should be exploited as fully es possible

1f cur idems are correct, UL/UT is non-zero and scaies as a function of x. before one adds on new {flavour) guentum numbers (besides GIM flavours) to

resolve experimentsl probtlems of new VN deta. If the tests we propose in this
context fail, we may be forced to extend the basic model as mentioned sbeve.,
But what we wish to stress is thet the idea of unification of leptons and

II. THE BASIC MODEL
hadrons lies deeper than the basic model, This particular model we consider

iri i ; d leptons can be effected, one has . . . ]
Before sny unificgtion of quarks = ? ’ is possibly an interim realization of the unifiecation hypothesis. We shall,

4o decide how many quarks and how many lepions. In 1572 one knew of four however, go on indlcating which results are more genersl and which tied %o
leptons (ve,e_ L =1 3§ v ,u- — Lu = 1) and suspected the existence of this podel. .

possibly tweive quaerks {p,m,i,c quarks in three esolours -~ red, yellow and -

blue). It seemed & natursl suggestion st that time to assign = fourth colour Ine model

to leptons {lilac) sud to postulate & vasic sixteen-fold for sll fermions The model contains: ‘

belonging to the group SU(h)lflavcur ® SUlL) |c°1°ur {1) Four leptons - which provide the FLAVOUR {up, down, s’frwgenesa and

charm} quantum numbers.

) R ¥ B (2} Twelve gquarks -~ which earry four flavours X three colours.
®, @y 7Ny € {3) We suggest leptom—number L = L¥ + t¥ i the fourth colour. Thus the
F = - ! number of colours equaels the mmber of basie flavours.

(L) Define fermlon~number F a8
F = B{the quark number) + 15 + 1M

. This number eguals 1 for guarks, (ve,e") and {vu.u_) -

5=




(5) We propose thet for energies up to 105 GeV all processes conserve
fermion-number,

AF = 0 == i.e., AB= -

by ﬁu‘ther extensiol -
There may be AF =2 tran51tions possible } of the model {i.e.{) g+ &

or (2} e+ L, q*iu or (3} q*re s q-*ﬂu or () g+F or (5) R ~T
transitions) but we assume that these possess an effective transition prebability
smaller then AF = 0 trensitions. This insistence on the dominance of AF =
transitions is the hall-mark of the basic model and its sivlings - the sc-called
extended models. Unified models exhibiting AF = 2 transitions heve been constructed
{for example by J. Strathdee and ourselves). They are best formulated in

terms of Majorane fields. We shall not diseuss them in any detail here,

except to mention some of their expected' consequences for quark decays.
(6} Either one of the pairs (\Ju,u_) or (v ,e )} is strange in this
model, consistent with the empirical cbservation |my - mni = imu AR

{7) The flavour geuges are SUL(Q) % SUR(E) with couplings g » 8 and
+ +,0 : .
six gauge fields WI:‘O , wg’ ,  The conventional SUL(2) x UR(l) is & sub~

group of this anomaly-free gauge system SUL(E') x SUR(Q) with 10)

2 2
gL o gﬁ ~ 0 snd tang = -i‘-B- The mass parameter associated with the
Ir T LT - z e

T
V + A currents y must empiricelly exceed 300 GeV, in order that V + A
amplitudes in 8 ml}d Y decays do nct exceed the empirical limit ai‘zi% {v-4)
smplitudes.

{8} The colour geuge group is assumed to be SU(L)| with the coupling para-

o colour
meter i‘? N(%— - 1) . This glves rise to fifteen gauge fields as follows:

- ~
(a) Exotics XO X L X (and the enti-exotiecs) which couple with

querks and leptons [(currents i) . From the empirical branching rate of

KO <+ e 4+ | , which thege exoties contribute to, we assign L = lC)5 GeV to
keep within the empirical limits, This is the major input in this model.
Since the exotles couple with quarks and leptoms: it is their mass B which
eventually determires when guarks and leptons lose their distinetion

This 4s in anelogy with the Hi or ZO masses, which determine when neutrino

interactions acquire electromagnetic strength. {In some of the slternstive
nodels ll,) which &re derived from the basic model or are extensions of it, one can

srwange that K + e + | transition is forbidden. For such models o can

be smaller than 105 GeV.)

B

1) In addition to the exotica, there is the coloured gauge vector gluon
octet V(8) which couples quarks to eech other stromgly.

(c) One combination of fields emong these eight gluon fields
= {V3 3Vt Yy )/2 eontributes tc the photan field, which contains a flavour
piece (W3L ) plus the colour piece U Symbolicelly Afe X We + U/L.

Note that in its composition,the photon is more of a flavour field than a eolour field

~l
{g/t 10)'

{a) Finally, there is & vector singlet SC smong the suth)lcolour gauge
particles,which couples with the ecurrent (B - 3L) ~ and which would give &

new wesk neutial vector current, in addxtlon to the conventional wesk SU(2) % U(1),
its strength depending wor the mass of S {m D 21000 Gev].

(e) The mess matrix for gquarks, exotics and gluons is provided by Higgs-
Kitble mesons. Besides giving the Masses of these particles{in terms of a
total of five parameters - representing vacuum expectstion values of Higgs-

Kibble fields) the model alsc provides flavour-colour gouge meson mixing

L+
terms, in particular mixing of V- with Wi {responsible for colour glucn

+ + ~
decays) and X mixing with W (responsible for quark deceys into leptoms).
The mixing parsmeters are also completely specified in terms of the five

vacuum expectation values of the Kiggs«Kibble fields.

As 1s well known, the Higgs-Kibble fields are at present the Achilles
heel of gauge theories. There is no uniquely accepted canon as to which re-
rresentations ong should choose for them - except possibly the admonition of
super-symmetry theory which would specify that they should belong to the same
representation of the internel symmeiry group as the baslc fermionle multiplets
in the theory. (Tt is worth remarking thet such multiplets paturally permit -
both AF =0 as well a8 AF = 2 transitions.) This lack of uniqueness as
to the choice of Higgs-Kibble particles naturally affects the detailed pre-
dictions = and particularly the decay predictions of the model. To minimize
model dependence in this respect, in the sequel we shall list:only such pre-
dictions which depend en the bilinear mixing terms for gauge fields W=~V

and W - X mixings). Such mixings arise &s & consequence of the form of the
mass matrices: We ghall pot list those predictions which depend on exchanges

&1 decavs of Higgs-Kibble iigldﬁ jn jng Ehgﬂ]:!-

L e e
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B

e



1l
() The {S-parameier) mcdel discussed sbove assigns the fallowing mssses !
to vericus pertieles: ) .

10 GeV. | OTIL. CONSEQUENCES OF QUARK AND GLUCK DECAYS; NEW SCURCES FOR MULTI-LEPTORS
my =0 >

IR

IN NN , vE , uf AND e e’

Ty 2 50 GeV .

L 1. Tn +his section we consider the bgsiec modei in deteil for iis predictions

m, o 10h GeV of quark znd vector gluon decays. We wish to use this informaticn for con-
R

sidering mulbi—leptons of which there are three sources. These are:
- GeV (Frascati, Orsay, Nevosihirsk region
mv & elther (1 2) 3 F 3

Recall that one member of the cotet a)
V 1- Vg,/f mixes with the photon and sbowld

+
..J:I.l:m‘ itgelf ag & peak in e« + e experinents.]

Conventional charm mesons &snd baryons;

b} Coloured gluons and coloured Ea.ryuna;

c¢) Unconventional baryon-zumber violating direct decays of integer-
2 or b GeV {SLAC, DESY region.) charge quarks intc {leptons + mesons) =nd in pa.r‘ticu:lar (neutrinos

+ kaons}, the guerks being produced as a ccmsequence of nucleon
Empirically there appear to be no narrew structures in et 4+ e between

dissociation or pair produced. *
2=3 GeV which may be asscciated with eolour, While the patternof these gauge
Since 81l querks in cur model decay into (leptons + mescns), the last
masses are fixed by the model ~ and can be changed only by changing the '
, . mechanism must eventually become their most ecpious source. It is of

complexion of Higgs-Kibble mesons - the quark mess is still arbitrary up to

particular interest to note that in the basic model the disscciation mechanism
a coupling parameter. To make things definite we choose two ranges for the

would give rise to the like-sign dileptom (y"u } signal for wN , 28 chserved
free quark mass

experimntally

3) lignt quark: m ~ 23 GeV, or The crucisl points of the new mechanisms i the besic medel with

i1) heavy quark: 3 GeV “my £ 5 Gev . AB = -AL are the following &)

i te th 4 - i .
(&) Before closing this section, note thet the quark dynemics in the i) Yellow end blue quarks decmy &8 & rule into neutrinos + mescns.
parton model context - eppears to exhibit the phenomenon of PARTIAL CONFINEMENT - .
that 18 to say, the effective mass of querks is smeller inside a nucleon (or a 11) It is only the charged rfd quarks (DR.XR) which can at all decay
meson) than the free guark mess. The same may be true of gluon masses = and

into a charged lepton (&7 + V + v},
1}

. . ' . +
perhaps to s lesger extent for the exotic X msases. This effect was first $i1) 1In the basic model there are no guark decays into (e+,11 )

discovered by Archimedes who felt lighter and freer in his bath-tud than cut~
side it ms a consequence of the beneficiel effects of hydrostatic pressure - fesons no.r ey (non-electrnmagnetic)' deceys into two charged (plus one
i.e. non-zero expectation value of the trace of the stress temnsor T in

pp

neutrul} or three charged leptons + anti-leptens.
modern language. The ARCHIMEDES EFFECT c&h be readily built inteo our model

iv) One ef the two lepton paire (ve,e-) or {v ,u7) is strange.
through such solutions for the field equations for which the expectation values u
Stz i d i mak e
{classical solutions) for the Higgs-Kibble fields are space-dependant in the rangeness ic conserved In |AB| ¥ 0 quark decays, ing (K + neutrino]

manner made familiar by solitcn physics. modes fairly copious.

v) For charged coloured gluon decays, the branching ratio of decays
into leptons is ruther high (typically 20 to 30% for either e or u).
vi) For semi-leptonic decays of cherged colourcd gluons, K's and w's

ere not produced singly but in peirs,




+
2, We list in Tables IT-IV the expected decay modes of charged ccloured .glucns V&

apd quarks in the basic model with AF = . We assume, for the sake of

definiteness, that the ecoloured gluens are the lightest coloured octet mesons.
-1/2 Va) of the ecoloured gluon

As stated before, since one member (V3 + {3)

by |+ + 0,5 Lo, - .
octed ; (VRB . VYB » VB';Y ' V3 N VB) must be produced ine + e ixpernients,
with & nerrow width of a few MeV, we suggest that vector gluons VRY N VRB

may have masses in the following neighbourhood:

2) light gluon, in the Frascati region 1 - 2 GeV,

OR b) heavy gluen in the SLAC region mh.1 GeV.

Correspondingly, for quarks we shell consider light gquarks (mu n 2 - 3 G=V)
or heavy quarks (3 Ge¥ <m_ &5 GeV]. These are physicel messes outside of the
nuclecn enviromment 15) . K
, are ligted in ':rabl'_: I.

AL Deguys of charged eolour gluens (V- , Vi )
RB" RY

These decay on account of their (spontaneocusly induced) mixing with

The expected decay properties of the neutral glucns

the churged weak gauge bosons Hi y the mixing parameter being completely
determined within the model. The inclusive hadronie versus electronic and
muonic branching ratio iz 3:1:1 , for sufficiently massive gluons (3 3 C=V),
for which a 1ight cone or parton medel analys:lla is validﬁ).- For lighter gluons
(1 = 2 GeV), we expect hadronic versus electronric branching to be smaller Lhan
three - possibly of the order uni’::y - on account of limited phase space, which

restriets hadronic chunnels, For detaile see Table II. Note the erucial

difference between colowur and charm - the leptonie branching ratio of colsur

is larger {by a factorz2 to 5), and K's are produced in pairs {noct sin;ly)

even in semi-leptonic decays. *

L. Quark decaysdlin the basic model (AB = —AL)
As emphasised in Sec. I, red quark decays are
crucially ‘different from yellow and blue quark decays. There are four dis-

tinct cuases for red guark deceys depending on the relative masses of quurks
versus gluons and of red guarks versus those of yellow and blue. The results

are summarlzed in Tables III and IV.

-~

In suumary, only the charged red quarks can possibly be the source of

Ehurgud leptons,

3. Conveptiional sources of muiti-leptons in VN and W scatterings:

First consider the conventional mechenism involving elther single production

of charm and colour or pair production of charm, eolour or quarks:
(a) v+ N + u +D +X {charm production =3 10%)

(1 or e* + iy

- +
{n) - u o+ \Irc_oiour + X {calour production = 10 to
15%)
+ +
(u vu) or (e ue) 7
(c) * W+ + ) +Xx )
e ~\

{(2¥ or hadrons) {4~ or hedrons)

(D) et e VY ex

(f\lz or hadronS)(l'V£ or hadrons)
'(1'{) -*y-+(q;+q;)+x .

(wl'-l-'\il)or (v ¥4y Yor
(v+hadrons)  {V+hadrons)

Jn Lthe above (D,E) and Vt are only symbolic of the family of charm and colour
purticles with similar internal quantum numbers. Note that:

1) We expect single production of charm and colour (A and B) to exceed
(perhaps by &n order of magnitude) pair production (C,D,E} both on energetic
grounds and from the fact that ses is relatively unimportant compared with
valence, o

2) Single production of charm and colour {A end B) should thus primurily
be respensible for production of unlike-sign dileptons: (" end e’} in
vl and (u+u- and p+e-) in VN . Following parton-model based calculations,
we expect for both (A) and (B} (Eu.,) »» <E1l+> for VN as well as large in-
elusticity; both these features are compatible with the data_.ls)‘ Contrast
this with phencmenclogicel lepto-hedron models, where this feature is not

16}

reatized,

~1le

B

- a e =

g ==

c g = T



3} Jullewing familier estimates, chearm production ratio is expected to

bw of ordce 102 (corresponding to the "weight” of the sea), while the leptonic

{¢ or p} branching ratio of charm perticles is expected x(5~ 10)4. ‘Miis

ylelds
-+ D - 1
[:cr(u ¥ ) a0 LM )] v [5 to 1] 5,
. i7)
which by itself is probably toc low compared with the data.
4} Within the gauge theory approach,l) parton~model based estimates 18)

suggest colour praduction ratic at Fermiled energiss ={10-15)% (with colour
threshold =2 to L GeV); while the leptonic (e or y) branching ratio of colour

purticles is =20 to 30% (see Table I). This yields

EJ( W)

This larger (u'u+) rate appears to be more compatible with the present data

/d{u')] = (2t W)E .

colour

than the cherm estimate (I:gy itself).

- - = — 4t - ot
5) In VN , like-sign dileptons [ ¥ ,u e ) and trileptons (M w p M e n
etc.) can arise from pair for assoeisted) production of charm, eolour or qusrks.

Like dlleptons arise from one member of the peir deceying leptonically and the
pther rnon-leptonicelly, while for trileptons both members of the pair decay
leptonieally.

For the pair {or associsted)} production mechanism mentioned above,
eherm (with its leptonie/non-leptonic branching retio =1/10 versus a ratio
19) -t - - .
2 1/3 for colour) might possibly sccount better foro{u W u J/a(p u ), which
experimentally appeers to be £ 1/10 {with essentis)ly nc trimuons seen).
Bat  any pair production hypothesis (from charm, eclour or quarks) may
+ + - - -
some upon & dileema from the ratio of o{w ) from UM versus alu v )
: (see below)

- -+
from wE'. If pair production from VN and VK bave compargule rates{(¥ M Iy

should be as likely as (u'u-)u . It is too early to say yet if the pre-

liminery experimental estimates of these processes are likely to pose B probleuw.

—15-

’

" However, there iz the totelly different mechanism of dissociation of aucleons
+ ¥
and quark decays,which has the feature that it does not glve {(W'p )'U or
trileptons in either VN or VN . This msy be operative in additicm te suy
pair production mechanism.

' Deep inelastic nueleon dissociatio& Into quarks and guark decays ns &

source of leptons: Consider the following mechanism:

() V + peutron + J + virtuel ¥ + (ng + n; + p;)

- + . - ¥
-y +(py+nr+pb)+x

+ 1T () e (W) e (o) e x

Note that neutron's dissoecletion into valence quarks plus their AF = O

decays yields: . - *

(W"")*'s in WE , and (W)'s dn W,

+ + —-
but ¥2  (pw }'s in VN , KOR sny trimuone. This i{s becsuse charged red
° - -~

. ; o -
S quurlks ~ the only source of charged leptons - cannot go into e*.u f But only

- - + —

inte & M Thus &1l (p'pMs in W must be wtrributed to
asseclated productlion of querks charm (or colour). We cen meke the statemsnt.
stronger: Since '

U + + YV, = =,
ol )dissocia‘tion/c U )dissociation =0

while -

k9 - - : 1
a¥wtu®) 1P (™) lr3ere ,

associsted production associated production ® T+ g+ &

where € denotes the ses {V + A) contribution relative to valence. (V-A)
centribution to associated production (which may be deduced from messure-
ments of x distribution of the like-dileptons), while ¢' denctes
associated production due to colour current. Thus if the r;te of (u‘u')w

is found to exceed thst of (u+p+)w by a factor larger than 3 {for example even k)

it would be strongly suggestive of the dissocletion mechanism being &
significant source of the like-sign dileptons for Wi , Another test 1s the

® distribution of pTy~ . Those like dileptons which.priginate. from "valence®™"
quarks (from dissociation) will probably exhibit a dffferent x distribution from

those arising from pair productien, fray the {yslence + ges + glucns ).




(G} From the universality of dissociation we expect

l-u- + N -ry_p‘ + X l-\’ + neutron + u U+ X-I

Bt R+ X dissoe, ¥ + peutron + y + X dissoc.
{1 In the deep inelestic p-p scaitering process vhere one taZs &

finel staute proton, we msy expect

- + +
I’*p*pi'{nr +py+pb)+x - _ .
+
s n v+ mewronvfi +u ¢ x]dissoc- n1o73

p+p~+p+all. V + neytron + i+ X

The last estimate (10-3) is the present experimental number obteiped’

from the rate of (u—u") production in nevtrine scettering ., assuming that
it 1z e21 due to dissocistion.

(3) In B-N collisions, one source of prompt e or p 's is nueleon
dispociation followed by red velence quark decsay. Sinece (with AF =0 ,
AB = ~AL) this source will net yield et or u+'s , We expect e—/e+ , u_/u+
retio »» 1 "from this mechanism. In this context, it is vc‘:rth stressing
once again that in general there are four cases for quark to lepton cor anti-

lepton transitions. These are:
-, * -+
Besic model (1) AF = 0 , AB= -AL , expectatione /e ,u /u > 1

from dissoclatlon.

(2) . .AF = 2, AB = AL, expectation e-/e+ .
W /u* << 1 from aissociation.
Other . - + -
possible {3} AB = -AL = +AL , expectation e /e , u /u >> 1
models ¢ u

from dissociation.
(4) 48 = +AL_ = ~AL_ , expectstion R AN TP ]
froam dissocietion.

The last two assumptions {3) snd (4) go well with the Konopinski-Mghmoud model
of leptone. The wodels (2}, (3} and (L} are logicelly equally as possidle

88 the basic model assumption (AF = 0). However, in (gauge) model building

we have found them somewhat ifficult to implement. Although we have not
considered the models based on these in any detail, the expectation may be that

=1l

o it oo S R SR OV IR 0 RS e CniRe e L s R s o R -

if, for example, AB = +ALe = -ALu , Yellow end blue quarke decay into
+ -
e + mesons or {ve,v + mesona), vhile red guarks decay intc Y. + mesoms or

(\,e,\, + mescns).  (pupther, ¥ e's are strange, non-gtrenge, yellow and hlue

[ : T+ .
quarks may- decay intq. e ¥+ K'sy)

(x} W+ et 5 ks :17)

involves production of real {ck) quark pair from the (AX) pair in the sea

In our model, & nev mechanism for these events

followed by quark decays to leptons:
0 - 0 - 0 _+ Q
u+(hgxy)sea-ry c;Xy-rp +(Ayev)+NK).
%0 )
s + 0 + +
Using {‘(c}r - ).y + e + \)e}lf‘(cy + A11) ~ 10% (see Table III)end = production

rutio {due to sea) ~ 10%, the expected rate of these events might be * 17,

Hole that gneh = mechaniam will enhance relabiye probebilities
2q)”

_of single and multiple K associsted events s which seems to 'be fhé"t:‘e’nd ér

1
the data.
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(M} Multi-leptons in e¥ or uN due to colour production: Far these pro-

seamey, the volour current exchanged Is neutral with no net colour quantii

mawbers.  Thus there 1s the possibility of either producing a single coluured

. o i
stute with the guantum pumbers of the neutrsl colour gluon B = (@Va + \fa)/‘_
or & pair of charged coloured particles, i.e.

P+ R»p+U0 + X or E+E+ p+V o« ¥V O+ X

!

27t* or (hedrons+y)or hmarons v e v

21) -
Leptonic brenching ratio for the peutral colour gluon is rather swall {m10

+ - 1 1 Q -
For this reason, even though we may expeci a({VV )" (-i-é- ~ 3—0)G(U ), pair

production of colour is expected to be the more copious source of multi~leptonu..

. 18
Taking inclusive colour preduction ratic ! at Fermilab energies to be

-3

- - - - -t -
210 to 15%, we estimate W : wue ¢ W s wpte w1 ¢ 2070 & 173000 -

22
173000 ; this is compatible with the recent Fermilab data. )

Tc conclude, two new mechenisms (with their cheracteristic signatures)
have been proposed in ibis note, for multi-lepton producticn inm VN , it and
NN which msy possibly be operative at presen{: experimentel energies, depend-
ing on the masses of gluons and quarks snd their produection rates. . These
are coloured gluen and quark decays arising through quark pair production
and nucleon dissoecistion into integer~charge unconfined guarks, whieh in their

twn decay into leptons if AB = ~AL and anti-leptons if AB = +AL .

5. Integer-charge guerks as scurce of SLAC jle events: One of the hall-

marks of the hypothesis of unconfined quarks is that qf as well as charged
colour gluon parton pairs produced by e ennihiiation must materialize (st
least part of the time) as real perticles above threshold. These,followed

by their decays into leptons, become then a potentisl source of multi-leptons
tn e”e’ annihilatien. In particular, follewing Tebles II, ITI end IV, the
charged red quark pairs and charged colour gluons will give rise to signature
pe events &s observed et SLAC; subjest, however, to two conditicns: i) at

least the (p,n) quarks are s light as sbout 1.7 to 2 CeV, and i1) so far as
the btmsic model is concerned there exist coloured octet vector mesons {e.g. the

gluons) lighter then the quarks 23).

=16~

,

To deduce the strength of the (Pe) signal expected from qua:rk and
giluon psir production, we note thet within the colour gauge theory 1) fremework,
the colour octet part of querk charges do not asymptotically e';:ribute to R
(this is discussed In Se¢.IV)Taking this into account,the contributions to the
R parsmeter from quarks and colour-gluens (trested s partons) are given by:

oy m ReoTo +-
Rip py) Rz P.) R(pypy) 4(9

‘R@mp) % RGEY) = ROGR) = 19
RO = ROST) = BOGK) = 349
R(ED = R(ES) = Rigye) = 4/9
ROV = ROV = 1/16 .

Note the intriguing festure that asymptotically the neutral pair (pgﬁg) ctn~
tributes the same amount ts R as the charged pairs (p;’b.p;,.b) . The
contributions t¢ R 1listed sbove (presumebly) represent the sut of peal
{q3,VV) production and the parton peir recombinetion into hadroms.

Turning how to the origin of the SPEAR (e} events, pair producticn
of the yellow and blue quarks (even though present) cannot be responsible for
these events, since these quarks dengy predeminantly semileptenically into
(\Je ut mesons) (see Table III}, On the other hand, if quarks are heavier

than the cclour-gluons and (mr -n 'b) <m {case3), pair production of

*
charged red guarks (n; n:) and U\r_ J\;) s followed by their sequential

decays as shown below.can give rise to snomalous (ue) pair as seen at SFEAR
8o far as the basic model is concerhed:

+ +
e +e ”red + nred
- b -
Vp -i-ve vp-w.
l 3 0 - + .
e-é-ve |.¢+v‘I

The (He) pairs thus arising would appear within -the present statistics 1ike
three-hody leptonic decay of the parsnt quarks, 24).
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)
pion. There then exist & host of strong experimental predictions of our hypo-
thesis that the SPEAR dilepton eventis arise from guerk decawé and of the sssump-

Now define p{8) = Tf (5)}2. where fQQY(B) is the on iags-shell-

qqy tion that quark form factors sre hard, ss mentioned above. These we list below:
- - -
quark electromagnetic form factor. It follows that c(e e - q;9,)/ (1) Jet-like distribution of hedrons: First, within the quark hypothesis for
- - = - X 1

cte e +uWy - R(qy8,)0 (8),where R{qyq,) for any given guark partcn pair the pe events, & large Traction pls) (% S to 1) of the totel hadrenie ennibilaticn
ts must tain a real guark asnd en antiquark emerging witk equal and

ie given above, {Note that strictly within the parton model hypothesis events B contaln 4 9 ging q

opposite momenta. {The different kinds of gquark pairs would, of course, be
ve may Anterprere p(s) s rhe fraction of all qiqi-parton-pairs created, preoduced in proportion to their contridution to the R parameter {see list
which "survive" as real particles in the final state, We refer to gbove).  Since most of the gquarks {apart from n; and h;) decey relstively

rapidly predominantly into (neutrine + known mesons), these gff peirs would give

p(e) as the "quark-survival factor"). HNoting that asymptotically ]
rise to the final state hadrons (mescns) egerging in the form of two Jjets cpposite

-+ -+ - X s a1
R(nr nr) + R(ArAr) = 2/9 end that the branching  ratio 1o each other with a distribution characteristic of spin-% parentage. Such

of the {uv) as well as (ev)~deca§ modes of Vz is = {25 to 35)%

{as discussed before), the net contribution to R of the (ute;) signals

_‘———“"'———. -—“~*"‘:::::

Hadronic Jets In e” e*Annihilation

arising from real guark-production and decays 1s given by

(:’E,K,’f}){;_-—‘-d————__\______-___ A oot O _L____,__’__/_.—/"-—r}(n,K.n)

Rqa(u+e-) - Rqa(u_e+) = (2/9)(1/4 to 1/3)%p(s) = 0(s) (1.6 to 2.5)%.

Direct production of charged color-gluon palrs followed by their

25) )
two~body leptonic decays  will also contribute to the signature (pe)- : Pig.2
+ - + -
events. Noting that R{V.V ) + R{V_.V__) = 1/B, the net cribution t .
- £ i p) K* x* ? net cen utien to Jet structure is indeed cbserved experimentallyS) at SPEAR. Since guarks cerry
r + + = - +
R(u"e ) from color-gluon pair-production is given by R ~{u e ) = RVG(“ e ) charges, 0 % 1; within our hypothesis we expect some of the Jets to carry s
- (1/8)(1/5 to 1/3)29‘(5) = 0'(s) (0.8 to 1.4)%, where p'(s) is the net charge tl and some to be neutral. The ratic of charged to neutral jJete

should reach s value (18/9)/(12/9) = 3/2 sbove charm guark threshold but
“color-gluon-survival factor."
below threshold for new flavours (if there exist any).
The observed 5SPEAR (ue}-sipnal corresponds to a true-signal of
We are not avare of any convincing explanatior of the jet structure

+ - -+
Rue ) =Rue) = (1cto3)% ( ellowing for momentum and . )
for e e annihilstion in the confined guark model. It sesms to us that

s0lid angle zuts). Comparing with the estlimate glven above, the standard lore that "epin %-parton antiparton creation explmins the

this can be attributed to quark-decays only provided the sguare of the observed Jet structure” is indeed true, provided the parton quantum numbers
2 appear in the Jets (as we suggest here}.

quark-electromagnetic form—factor is of order umity {p(s) = {fQQY(S)l - n 4 ueg

to 1}. Mot koowing theoretically the precise nature of the quark-electro- {11) Energzy crisis: Furthermore, these events must be #Bsoclated with

. . . . A B missing neutral energy and momentum carried away by the neutrinos, which may
magnetic factor, we will proceed in these Lectures with ke assumpuion that it " "
explain the so-called "energy crisis” and the depletion of charged energy

is hard (i-e. quy(s) - {(1/v27) to 1 and slowly varying at SPEAR energies) observed in e-e+ annihilation.

unlike the form factors of cowposite systems such as the nucleon ox the {i1i) Depletion of charmed particle production: If the charmed particles D

and F are reletively hesvy compared witk the charmed quarks; the charmed guarks
rather than decsying inte {v + D) or (v #+ F} would decay preferentially
into {uncharmed quark + pions) (see Tables III and IV). In thie case,
productica of real charmed quark palrs above threshold -(this may lie between
16~ S to € Gev) will lead to an increase in R = L/3 p{s); but ihis incresse will be
~19-

B S
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r-eflected more in the production of plons end kaons rather +han chu;ned mesons
leading to & depletion of cherm signature compared with the expected strength for

AR = 4/3.

(iv) V_+ A-Coupling: Given that the W, gauge mesons couple to V-A-

currente, it is easy to see th.it the amplitude for the transition

- e + Y i - + -

o + Vp (ny)virtual + Vp v, must be proportiomal to ue(l + 75)
- :

IrlYu + ¥.a0 qv]nr \rm| which s of the V + A-form for Fp = 0,

2 uv
(v) Semileptonic Signels: In addicion to pure leptonic signals (as ‘
shown ) there must exist sem‘ileptoni'c signals such as eTet + yte; R
+ migsing momentum, which &rise from semileptonic decay modes of efther the color
gluons (produced via guark decay) or directly of the charged red quarks,
We estimate the strength of such semileptonic signals to be = 2 to 5% of
the pure leptonic signals. Note by contrast, semileptonic signals as above
can not arise via pair-production and decays of heavy leptons. Pair-
production of conventional charmed particles (Dﬁ, ﬁ), if it pccurs, can give

rise to semileptonic signals, but these signals should preferentially
inveolve K particles. Thus & search for the semileptonic (ue) signals is
of crucial lmportence,

(vi} Neutral guark-pair production: One of the most intereating distinctions

{within the gauge approach between quark and heavy lepton-hypotheses for the
SPEAR (pv)-events 1s tliat the neutral quark-pairs p;ﬁ:_ and C;('J; would 2ach be pro-
duced asymptotically with 2 cross section given by R = (4/9) p(s) (See list above),
wiich is four tinmes that of the charged pair n;n:; neutral heavy leptons

on the other hand can not be produced by e-e+—annih11a|:ion. Assuming

that p:_ decays predominantly radiatively to- (n;‘i Y} {which holds if mip;)_

n(uy)¥3 10 MeV), the production of p* may be searched for by looking for
y ) T

monoenergetic low-energy (® 10 to 100 MeV) y-rays near theshold for the

o R Originatea
production of p)_gf_ pair, which should nearlyceincide with the threshold for gquarky
(ue) evente. Note we expect mip ) % oo ).

- N - + ) ’ .

{vii) Inclusive muon-production experiment %) lee +yu+Y): The Yaryland-
Pavia-Princeton celleboration date of the inclusive muon production was used by |
Enow 21 to set the following limit for the décey modss of the scurce "' of

anomalous muons :
Ut nch » 3

o ——— <0.33 .
U -*nch-l .

Snow used thislimit to eliminate charm particles as the msajor source of the

He events. For guarks end gluone, since tharged gluone decay into hadrons
only nearly 30% of the time s.nd.since not all hadroniec modee contain IIch »3,
we estimate the sbove ratio to be £ 0.2, fully conmsistent with the data.

To conclude, the quark hypothesis for the SPEAR (pe) ‘ew.nts lesds ta
several intriguing consequences; iln particular it expleins the Jet=1like
distribution of hadrons and possibly alsc the depletion of charged energy
in e-e+ annihiletion. We emphssise once ageln that the SFEAR (ve) events
may arise from guark decays 50 far as the besic gauge model ism concerned, -
provided there exist the cclour gluons {or similar coloured vector mesons) at

"1 to 2 GeV.

Pati, Suchexl and Woo 28) have studied the consistency of such light mass
gluons with the presently available deta. They conclude that while a gluén mAES
< 1 GeV is unlikely (due to constraints from (g—2)l‘l sphotoproduction experiments
end gluon 1ife-time considersticns}, & gluon mass in the range L,1<1.0 eV s
compatible with the present data. For the neutral gluon, they estlmste (see
Teble I): 1 MeV ¢ T(D), . . €10 Mev, I(T » e*e”) & 2 to 10 keV. Such a '
neutral gluon showld be visible prominently in e-e+ anpihilation at Frascati,
Novosibirsk and Orsay. We strongly urge such a search. A search for this gluon

» N
U in photoproduction is algo in order. A signal

-k ) _
oyspxlsxoee 20 o\ 102 (¢ o 5)
Gly+p+p +X+ee +X .

is expected 28) . Finelly, to distinguish between quark verau'.s heavy lepton
hypotheses for the (upe) e%rent, we urge searches. for (i) anomalous semi-
leptonic {pe) signals in e~e’ annihilation and {11) monoenergetic low-energy
+ reys near threshoid for the production of (ie} events,




Iv. THE UFCONFINED COLOUR GLUONS; LEPTO-PRODUCTION OF COLOUR

The first major plank of our unified theory is integer-charge guarks

decaying intoc leptons. The second is integer—charged 1° gauge c¢olour gluons

which scquire mass through spontaneous

symmetry bresking. The operative word

here is gauge; by which we imply “renormelizeble gauge theories" in which the

locel symmetry is broken and'thereby the corresponding geuge mesons acquire mess
{if at all} only through spontaneous symmetry breaking. We show that there

are crucial &ifferences between the dynamies of gauge versus nop-gauge (Han-

Hambu 29)) theory of integer-charge quarks end coleur 1° particles. It is

the gauge character of colour gluons which saves the integer~charge quark

theory from some of its alleged shortcomings reletive to the experimesntal dats

as well as for some of its successes, which we wish to point out. In particular

for eN, YN and VN , these gauge aspects lead us to predict:

{1} r
(UL/GT) ¥ 0 eand asymp-
totically it must scale

By contrast

(op/og) @ (a"/n')

(cL/ch) —> 0

For the unified gauge theory l)of

integer-charge quarks and (massive)
charged spin-1 colour gluons {I).

For non-gauge (Han-Nambu)theory of
integer—charge guarks vith cherged
spin-1 eolowr gluens (I1)

For the unified gauge theory of
fractionally charged guarks snd (mass-
less) neutral spin-l colour gluons
(colour is confined, in this case,

by assumptian ) (IIT},

Hote that the predietion of the non

-gouge (Han-Nambu) theory of integer-

charge quarks (Case II) is clearly incompatible with the data unless one

asgumes that colour threshold 1s suffic

iently above 5 GeV. The prediction

of confined colour (Case IIT)that (oL/cT) should be vanishingly small in the deep

inelastic region alsc appears difficuit
(sspecially if ope follows the recent th
For the gauge theory of integer-charge
18) that

thoughk small compared with unity {lying

on the other ha.nd; we derive

of the presently explored regions of q2

date. 31)

t0 reconcile with the present date
eoretical analysis of Politzer 30)) .
quarks {unconfined colour ) - Case I -
(UL/EST) should be non-vanjshing
between 0.1 end 0.3} in the bulk

and @ , consistent with the present

.

y e AR

s R TR T RPN T I T "

{2) For the sum rule 32)

quark changes) we predict '

hGiMNEv

W .
m J T, 0.28 £ 0.03

on {eN/VA) ratio (desigred originally to test

Gauge theory of integer-
charge quarks {I).

w
i

v
By contrast:
Non-geuge (Han-Kambu)
r = 0.5 theory of lnteger—charge
: ’ quarks (II)

Gauge theory of

r = 0,28 fractionally charged
quarks {III)
Texpt® = 02T % 0.05(E, > 30 Gev)  (Ret, 33} .

We see that the experimental velue of r disfavours the non-gauge theory of
integer-charge quarks {Case II) as does the behaviour of UL/(IT {assuming

that colour threshold is below 5 GeV),it however agrees well with the -
predictions of both Case I (gauge theory of integer-charge guarks) and

Case II1 {gauge theory of fractionally charged quarks). This agreement of
theory versus experiment for the ratioc r for these two cases should thus be
regarded, in our opinion, as one of the brilliant succesges of parton-model

ideas within the gauge context (asymptotic freedom); but within this context,
contravy to the widely spread impression,this ratlo is not sensitive

to help distinguish between integer versus fractionally cherged querks

(Cese I and Case III). It helps eliminate (subject_to parton-model conslderaticns}

4 non-gauge asproach  to integer-cherge quarks {Case 11).

(3} For colour versus flavour excltaticns in deep ipelastic eN and N
scatterings above threshold for colour-production (aseumed <5 GeV), we

predict: .

colowr

(1) <10 to 208 for a bulk of the .

For the gauge
theory of integer-
cherge quarks (I)

daﬂe.vour

2
presently explored regions of q and o

(ii) Predict non-asymptotic scaling violationa
{ ~10 to 205} due to colour preduction
{above and beyond log corrections}, which
miet decrease like (m:/qh) and (nﬁ/qz). where
B, = mass of gluon- J

B
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#)

By contragt for Case Ils: we expect H

docolour -
& . 100% (from gquark charges alcne);
dgﬂa.vaur

gluon charges would lead tc additional
contributions growing 1ike q /m )

theory of integer-—

wvhile for Case III,

a.g°°l°"r

= (3 all scaling violetions must

359 For the gauge
theory of fraction-
8lly charged guarks
(111).

dgﬂewuur

* ba attributed solely to log corrections
{from ssymptotic freedom) and to excitation
of new flavours, if there pxiste any, in

the transition regions.

Experimentally, no large rise { ~ 100§} in structure fimctions is
observed even at Fermilah energies, which once again disfavours the non-gauge
thecry of integer-cherge quarks (Csse II}. Combining these crucial
digtinctiona (1), (2) and (3) between the non-gauge versys the gauge approach
to integer-charge quarks, and the corresponding comperisons with the date,
Mg thus deduce thet if quarks carry integer—charges, the underlying
theory must have o gauge origin. Furthermore, since such a gauge structure
requires e minimm of four flavours, the number of quarks must be at least 12
{rether thap 9) implying thst the theory possess charm in addition to colour.

To choose unambiguously between the gauge theories of integer-charge
and fractionally charged quarks {I and TII), one crucisl measurement is the
2
determingtion of (aL/cT) st high |q°| ana My (in perticular with high w).

(L) For VN end VN , the definite v oo mixing within the gauge
theory - of integer-chsrge quarks 1 implies that neutrinos and anti-neutrincs
can also excite colour}in this theory Just like electrons and muons. In
particular, we show that the non-leading (xinematic) terms T},S\ in gauge gluen
theory gives s reasonable explanstion  of deviations of (03/0\))-'<.Y>g
and dzuﬁldx dy from GIM predictions in a parton-model cortext without need
for introducing 37 any nev flavours associated with b gquarks and V+A
currents. Thus we syggest togetherwith the authors of Ref. 8, thet ir new

" quantum numbers are needed in addition to QIM flavours, these mre the fsmiliar

colour quantun numbers, unexpleited in the colour confinement theory (Case TIT).

ol

For non-geuge{Han-Nambu,

charge quarks (II} ,

,
Before we discuss the empiricel manifestations of gauge coloured mesons,

we state and prove & theorem (independently proved 7)'38’ by Rejasekharan and
Roy and by ourselves last Summer] which highlights the difference between the

dynemics of gauge l)versua non-geuge ceoloured 1: particles and explains the
results states in (1)-(4) sbove. )

Theorem

97 ynich (1) gauge

flavour and colour independently (weak interactions being associated with

For all spontasnecusly broken gauge theories 3

flevour gauging and strong with eolour sauging], (1i) which lead to integer-
cherges for quarks, and {i1i) in which leptons sre introduced as SU(3)' colour
singiets; electro- or muon production of colour (e + N+ & + xwl) proceeds
through exchange of two gauge bozons :~ the "coloured" phpto? A” as vel.l. as
its orthogonal colour geuge partner Uu 4+ the two contributions temd to
cancel each other. Because of this cencelletion effect, there is a damping
factor A° = [n%/(]qzl + mg)]z
Ho such factor is present for lepto-production of flavour, i.e. colour singlet

for electro-~ or muon production of eolour.

states. In these theories neutrincs can alsc produce colour {i.e. \;v]_l +N+u+
xcol) subject, however, to the seame damping factor 2% . The net effect is
thet sbove colour threshold {Wo = M.? + MY - |q2| > Mioll‘ lepto-production

structure functions (receiving contributions from both flavour and colour

currents] teke the form: 2
- ' 2

nav(qz‘.v) + [ EmU F;.‘-Ol(qa ’v) .

t [f} + o€

are defiped in the usual manner by .the Fourfer trans-

F,(a%9) = ¥

where F:{l” _and F;ﬂ

forms of the respective current correlation matrix elements. It is on account
of this damping Zactor 4% = Imﬁ/(iqal + mf,l]z that (1} colour prodvetion,
though non-vanishing, 1s suppressed fto the 10-20% level {relative to cclour
singlet flavour production) and (ii) (UL/UT) $ 0 and it scales 7743 as & function
of x . [For the non-geuge theory ) of integer~cherge quarke, electro-
production of colour would take place only through the photon intermedisry and
thus no such cancellation factor Az would arise in this cese o)

Proof
The origin of the colour damping factor Aa within the gauge approach
is very eesy to comprehend. It comes sbout basically becsuse leptons ere

introduced inte the theory {strictly) as SU(3)' colour einglets.

Write the gauge-Lagrangian syzbolicelly in the form: I‘int =g W JH’ +.
t V(ﬁ) I olour Here W stands for the weak and V{J) for the strong eolour
gauges, while the photon field 1s a mixture: symbolically %A - l-ii + %U

1_. i .1 . E_ 2% .
(.2 82+ g2 1710, 0 JﬂgJﬂavour+Jleptcna sma v0 = (ﬁv3+vﬂ)'

=
L]
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.[Ve have, for comvemlence of writing (but with no loss of g-ener-ality) J:m:rpec‘i}

all SU(3)' eolour singlet gauge fields {even if it arises due to strong gauging
of & colgur symmetry bigger than SU(3}' (for example SU{L)', see Ref.1} into

W; correapondingly J__ - ¢ontains flevour singlet as well as flavour octet but

] flavour
eslour singlet terms,’j Notice now that before spontaneous

gymmetry breasking (when all fields are massless) leptons intermct with the

colour singlet flavour current (J fla Ythrough the intermediary of Wu's -
but_there is no interaction between Jleptcns and Jcolour . Because of

spontaneous symmetry bresking flavour and colour gauge mesons mix. This
generates (through diegeonalization of fields) the masslese coloured photon
Al-l .+ (with . integer-charges for quarks); but inevitably also the orthogonsl
eolour gauge partner ﬁ'u (with mass wmu) » both of which contribute to lepten
colour interaction. The photon and Uu contributions would cancel each other
except for the difference between their propsgators, Due to this cancellation

effect colonr produetion matrix element is proportional to (!'-E - 2—1—2')"‘
q

q< -
% (—2-—2) to be compered with colour singlet flavour producticn
.q. T - oy

matrix slement OO 1/q2 . Disgrammatically, we want to compare

A a

VS

colour flavour

i.e. the propagstors fg WU =, gk w
assuming that the dynsmical factor (RI

» -
+
Jcolo'urlcolm> and
N ne’
¢ 17 1 avour [ 11870Ur > would leed to simtlasr benaviowr for the inclusive
declusiye
crogss-sections (sufficiently above thresheld).

Now consider what the propagator fectors (W‘U) and <‘H’W> are

Write tanf = g/f ® 1/1C . The two elgenstates for the W,U system are:

A = cosOW + sinfyu ,
~
U = -gsindW + cosbU .

Since A and U are eigenstates,

<ay = Ly H> . 2 -
q.

Hence

Wy = ":05294; sing

2 2 2
q 9 ~m,
LW = sin@ cosﬁ[ 1—2- - -21—2-]
. : . q q - my,
(UU) = aigza + ;osaa .
I
Clearly the amplitude
e+ Nocotow | g KW W30 leolour)
e + N — flavour E :
R LU > ( 'Jﬂavour [ f1avour)
I 1 1
= . P =5 * 0[%5]| * dynamical factor
q 1 - C I 4 .
. 2
Thus the colour smplitude is damped by the factor _m.ﬂ..._ .
Quantitetively, therefore (i =1,2), q2 - mﬁ
’ 2
Fi(qz.v) - Fﬁavour(qz’v) + ﬁg Fcolou.r( 2 )
i Z. 2 i =,y
lal® + =y

{for electroproduction q2 < 0),

and there is implied s colour threshold
factor below which F;olou.r =0

« Before we consider Qquantitative estimates,

let us teke note of one other (dynamical] source of colour damping

"for the region, where |q,2| and My afe smell compared with 11:.(2J . A8 we
all know, the structure functions Fi(qz,v)'s are expected to scale (following
parton model or asympiotic freedom considerations) for ]q2| and M'v
sufficiently large compared with charscteristic (ma.ss)2 .

2=

- -

L e ==

© e =T

© g =T



However thilas sca.ling 80 far as anur sxe concerned does not set in

fully umtil lq_ |  empirfeally rea.ches the value 2> (as may be deduced

from the lower energy SLAC data ~ -, see Fig. below]. pWe shell assume that

a similar {precociously sca.lins) dynemical effect is operative for Fc olour

as well, except that iq [ (and MH") must reach charncteristic colour {nass)®
8,0y (rather then characteristic flsvour (mess)? me %) before full scaling

is operstive. This dynamical effect provides another suppression gource for

2! low v region {i.e. for |q2|

andfor Mgv. £ 2m§ for fiavour and |o°} a.nﬁ/or Moy < 2w2y) for colour).

Such & nr_ppressian may be represented by scale threshoid factors p ﬂavour(g‘ W)

and ocolour(q ) which (by definition) acquire their full scaling weight

wity for appropristely large |q° | and My Teking this into sccount,
finally we expect (above colour thresheld)

colour {and flavour) production in the low

2

% olour ~ By Peolour (a°,v)
a0 2 2 ) 2
flavour g} + z, flavour(q“,v)
where

0 &p (e v)<l (0 < |g?| <2n2;)

colour (T * =le Mol
2 ’ 2

Pocronetd V) = 1 (Ja®f ana wv 2 2of )

. s .
Similarly define pﬂavoux'(q ,v}. We essume that the effective colour mass
o1 above which pcol

2 to k Ga¥V, corresponding to a likely place where the threshold for colour

continuum may begin 40) .

should acquire its scaling weight units is of order

Using the empirically determined shape of the scele thresheld factor
(qa,v). as ®» function of iq2| with Moy being 2 on® (which may be

pflavour 33)
deduced from the lower energy SLAC data » We exhibit (in Fig.2Zb)}

Pool our(qa‘“} for fixed large v), We have assumed (in accordance with the

diucusuioga above} that pcolour(ncol’u}
T | /202

colour? vhile n
» Substituting numbers {with m, = 1.2 to 2 GeV or m; = 4 gev, and

My =2t 4 GeV} into the ratio (dccolour/ 1 al\mm,) for a feel only (we

present detailed estimates 1ater) it is easy to venfy that the suppression
for both SLAC and FNAL.

pfl|5.\rc)ur(“1'lav’\J) » where

flavour ~ la i/2m2 -

factor for colour (relative to flavour) is nsa-
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It s mportant to ncte that the Structure function B, derived
from deep inelastic muon scattering at the higher energy Fermileb data (where
one might qualitatively expect colour to be excited) does not exhibit
even approximate sceling until |q2l 2 Ut IO(GeV)2 in contrast to the
lower energy SLAC dats. It is provocative that such a picture{with 10 to 20%
but mot 100% rise in the structure functions) 1s indeed what one might have

expected from colour excitation within the gauge context (see Paclour® Fig.2p .

#na multiply by the gauge dmmping Taztor L\ Je

- Colour eontribution to eN eand VN structure functlons

The gauge character of V() gluons has en important bearing on the
gluon contribution to the structure functions. Bell, Llewellyn-ﬁmith a.nd
others have shown that in B rencrmalizsble gauge theory the high engr,gy. high

’ n;omenf.um transfer behaviour of gauge spin-one gluons is similar to thet

of spin- —é— partoms:- (as it should bhe in the context of~a
renormalizeble field theory). This is very different from the situation for
non-venormelizable massive spin-one perticles. For exsmple, if ¥(B) were not

gauge particles, their comtribution (as partom)‘would give & qelma pon-

2 . 2
acaling power violation to Bjorken behaviour for Fl &end 95 ,and [ aa N
. i m. m

2




>
mU
}q2+m§

2
vhen [q| + ., More specifically (including the gauge

2

in F_ . 2,
n o The extra factor A* = helps in restering scaling behaviour

t.
o both Fl and F2

2 R
factor A @s well as the scale threshed factor p N (qa,\)) for colour
co

production ) we obtain:

F, (GIM flsvour) + a(l + £)2 [q_(x) + q(xj + 16[1 + %—]v(x) o (W)

col
Pabshse

, = Ty (GIM flavour) + 2a{l + 5)"2 Ec g E;(x) + ﬁ(xi +
PsllghA,C

+2x V()3 + £+ EW)| o (62w
. col

il

F,=b F, (GIM flavour) ,
vwhere the second terms in Fl and ?2 represent conptributions from colour
production. There is no contribution from colour to F3 » because cclour
(m the basic model). #n
energy threshold factor G(W - Wigl) is not exhibited for the colour contri-
butions but should be understocd. Here,

gauge mesons posdess vector couplings conly

i i oy
a =3 {eN and wN], 3 (vn,vm)c_c

b =0 (eN and ¥}, 1 (VN,UN)

R P UG .l.:i_qi
q mu 3 X o QMNV

¥(x) = mopentum distribution function for any one of the occtet

of colour gluons within nucleon.

h
Using momentum conservaticn 3), one may deduce that the gluons carry nearly

50% of nucleon momentum
1

8 J x ¥(x) dx = 0.5 .
Q
Tae shape of the gluon distribution fumetion +w(x) is largely wunkoowa st
present. Eveptuslly this fundamentally important function can be determined
experimentally (for the case of physical colour)by a study of (crL/ch)

-30=
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for asymptotic {q_ { »» mU , at whick (g, /U ) is propcrticnal te xv (x)

(see expression below)., Pending such & stud,y of (UL/UT), however, one might
need an extensive fitting of eN, ¥ , VN and O data {i.e. a fitting of
the scaling violations and cther anomslies observed in these processes, which
may naturally be ascribed to colour gluon excitation) for various assumed
forms of w¥(x} . (Tkis would be in the same spirit as the determinstion of
the sea distribution TG(x), whick also is not completely known at present

for very =mell x,)

As a first plausible guess, one may assume that the gluon
distr’bution v(x) hes & shape more like that of the sea rather than that
of the valence. However, to get a feel for the variation of the gluon effects
16) he rise in structure functions

due to colour preduction for two assumed shapes for “vix):

on ¢elour production, we present resuits

Model I: . v(x) bhas & shape like that of the mea,

Model IT: v{x) has s shape like that of the neutron valence quark
within the proton.

1 .
Subject to the condition 8 [ % ¥ix)} dx = 0.5, we then aobtain (teking scme
typical values of x): 0

Model T {x¥(x)} Model II (x¥(x)}

(sea like) (valence like)
x = 0.5 = 0.01 " = 0.0k
x = 0:2 - = 0.05 =0.1

x =00 % 0.65 20,11

Rise in structure functicns due to colour production

Subject to the sbove two models and using the parton model expression

for F listed ebove, we present numerical wvalues for (F;oj' ‘gl'w) for ep

seattering for two typlcal values of x and twe values of E = |r.12|,/mU = 3 and

5, where one might sssume that the scele threshold factor p (q »v) has reached

X colour
ite scaling welght unity (see Fig.2):
=31~
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MODEL I MODEL 1T

(xvlx) sea-like) (xy(x) velence <like)

| g=3]£=5 £=3 E=5

4
x *0.5 0. 14 0.10 0.25 0.18
Fc°l(ep)
ﬂav(e ) ’
P x=0.2 0.20 0.1k 0.30 0.20

The following qualitstive features of colour contribution to structure functions

are worth noting:

(1] While guark parton contributions to colour production dies out quickly
with increasing |q2! due to the {gauge) demping faector (1 + 1q2|/m.§‘)_2

the gluon contribution teo F2 survives asymptotically and

it sceles., From the expression listed, we see that

2 2
l9%] >> my;

F;"l(en,\m) - T, aq
. 2 2
col [eN] la™t »> ™ [1f3] xv (x} .

2 wN > l1/2

(1i) Importance of non-leading terms in gluon contribution: One

erusial festure of the gluon contribution to ¢olour structure

functions is that +the non-leading scele violasting terms {which

are of purely kinematie crigin} are associated witkh large
coefficients relative 1o the leading (scale invariant) terms. As a result,

first of ell, they lead to sizable scaling vioaltions { ~ 10 to 20%, see
teble above) in the semi-asymptotic region, which extends up to fairly large
i = |qu../mfJ of order 10. For example, using the expressions above, we

see that:

32

-Fcolour glucne 1 3+ E 52 }

2 11+ g)° h(1+£)2}

= [§-+ EEE] ;s'D.-hO(E = 5}

- [1;2 —i] 0.31(¢ = 10)

+ non-leading »

Foolour gluons . 16+ 4 _ [1:00/{E =5 _

Note the importence of the first non-lesding term compared with the-second
(leading term)in F2 for £ = |q2|/n_iu2 as large aB 10, vhich corresponds to
|a®| es lerge s 22{Gev)® for a gluon mass m; 21,5 Gev,or |g|® es 1arge -
as 160(Gev)® for gluon mass m; % l4Gev. In other words, the approach to
scaling of the colour contribution (aue to ‘the non=-leading colour gluon terms)

is extremely slow lB); the significance of this for vi and VN scattering is

discussed later.

viii} Nature of scaling Violatiang); Quite clearly, the slow depletion of
the non-leading terms sheuld exhibit itself as a scale«violating contribution
(above and beyond the log corrections fmplied by a.symptotic freedem} for a
large range of lq | Note that beyond |q | Z2to 3mU (i.e. E 2 2 to 3},

where one mlght expect P to reach ita constant scaling value unity, we

colour
would prediet that the structure functions {with colour contributicn :meluaed)should

Tall with increasing |qE} before reaching their constant scale invariant values.The

inelusion of the log torrections L5] can alter this pleture somewhat {especially
at low or medium high !q2| ,gzm;‘;) For the low |q2| region, there is the

additionsl feature that p (q RO T increasing from 0 to 1 es lq |

Incresses from O toag mcimzrsee Fig.2). ‘Such en increase in P, g our WOUI4
manifest itself as s temporary increase in the structure functions with |g%)
in the low |g°| (g2 miol)-region i(for Model I (sea-like gluon | distribution), such
2 tewporary incresse would be prominent only for low x or high w).

The colour glucn excitation (with ses~like distribution = Model I) mey
thus provide the basic explanation for the observed 1 décreaae‘ in structure
et ocreaﬁjﬁl%lq [ for low w{<5) and their increase with = |q |(§,2 to 3‘"\:0})

for high w(26) . provided the letter turns out to be s relatively low [q |

. =33




temporary phenomenon. There is, of course, the necessary prediction of thie
exvlanation thet both at iow w as well as at high w, the structure Turctions

should eventuslly fall before attaining thelr seale invariant values

(iv) The ratio UL/UT: Since there exist cherged spin-1 colour gluon partons
in our thecry, the Calian—Gross relation is viclated (i.e. Fp #
ExFl). The gluons manifest themselves most directly through the physical

parameter GL/OT . Using the expressions for Fl and Fz, we obtain;
=P ep 1
) F ¥ - 2x F Zx vix
o 1 N 3 )
Op ax BP o] e

N xlgy(x) + g (=)} Qilav(qi)

PalisA,c

Thus there is the uncomprising 'jpredictionT)’BB)in our theory that (UL/CIT) # 0 and
asymptotically it must scale. We stress that the sbove scale invariang
ssymptotic value of (g; /0y is not remched wntil £ = %qzlfmﬁ 2 15 {for reascns
discussed sbove). Substituting seme typicsl values of x = 0.1, 0.2, 0.5 and

£ = |q2|/mf] = 2,3,5 ve Tind (UL/UT) lying between 6.1 and 0.3 (for

either Model I or Model II), consistent with the data. If gluons have a sea-like
distribution (Model I), (o,/0,) should become fairly large (=0.1 to 0.6) et
very small =x § 0.0b (i.e. w2 25} with |a°| » 2 to 3 o _. It should, in this
cage, increase with decreeasing x for Tixed |q2| - &8 festure which also
seems to be indicated by the data 1&6). To repeat, accurate messurement of

0. /o, at high iq21 and Myv  {especially with w2 10) is of crucial
importance in making an unambiguous choice between the gauge theory of physical
eolour (integer-charge quarks) and unphysicel colour (fractionally charged

quarks ). ‘

: -+
(v) Colour excitation by € e + ennihilation: Just as for space-like

processes,lepto-produetion of colour by time-like processes (e-e+ - xcol}
oceurs through the intermediary of photon es well as the gluon U ; the
cerresponding production cross-section acquiring once again the gauge kinematic
factor 1}2 = (-mﬁ/(qE - mﬁ))z with :;2 >0 . This time the A2 factor
provides & damping only for q_2 > Emtzl For q2 < 2m12] , oh the other hsand,

it acts as an enhancement.

Using either & light mess (mU =1 to 2 GeV¥), or a heavy mass glucn
(m, = L GeV) snd assuming that gluons are the lightest colour octet states
=y

it is possible to show 7 that the net production of ceolour continuum is not

3l

rog-gieae g ol R e L R T B T

‘unduly ephanced in the region qz < amﬁ due to the limited number df channels

available (above gluon threahold) and the memgre phase space associated with
them.

For q_2 >> mﬁ , colour producticn due to colour part of quark parton
charges vanishes (barring renormalization group effeets, vhich may be lmportant

at truly asymptotic energies). Thus a.smptbtically_' even integer-charge guark
partons behave just the same way as fractionslly charged guark pertons fer

1}

27e' as well ns eN and N, This 15 the novel festure of the gauge &pproach

to physical colour. Specificelly the contribution from the quark partons of
-+ .
the ith type to the R parameter for e e annibilation (neglecting log

corrections) is given by:

2

l!l:lU
Qﬂav{qi) * La _ mfj Qccl(qi)

R(Qisai) =

2
— Qi)

where Qﬂav(c_i) and Qcol{qi) dencte, respectively, the flavour end colour
charges of the 1 quark. Thus, depending upen the mass of the quark and that

col(qi)
can leed to interesting behaviour for the production of & quark pair of the

ith type above q2 > hmi . TNote .

i

of the gluon, as well as q‘?, the interference between Qflav(qi) and §

2 .
ola,3,) = Hag3,) Ifqiqiy(8}| ol .

. -+

The charged gluon parton contribution to cclour production by e e
survives asymptotically in a scale-inveriant menner {as for eN). Specifically
the quark and gluon parten contributions to R are:

- - — 4
R= ole et + hearons)/s(e”e’ + u ")

= Z Q?lav(q.i}L + (1-5)—2 [?3- (no. of gquerk flavouwrs)
g -

+ 121 - ¥ (12 + 20 + E2)
B k-4 ]

where E= lqzllmﬁ . Thus
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Simee colour current is vecter, it of course, contributes cymmetricelly to

, 2 L
® @+ 1\: Lraylul * 8 ) VN and 9§ seatterings 1f the kinematic verisbles are the same in both
o ’
9 cases (i.e. Fioé(qz.v}un = ioé(q_e,vi- , while F‘;Ql(q N =0 for v
E] 3

and WN). From this it might appear thet colowr productlion, even though
operative, is not likely to explain the sharp rise in UG/U\’ y <3r>v and the
go=called high y snomsly sbserved shove sbout 50 GeV incident {v,V) energy.

Note that the asymptotic value of Ecol is reached extremely slowly once
again due to contributions from the non-leeding colour gluon terms. For
exemple, even st £ = iq_zl/m[2J =10 , Rcol 2 0.27 (whereas a.synrptuticﬁlly

1:icol = > 5
at SPEAR energies especially for g° » 25 (GeV)® to be rather tiny = 0.25 +

(In particular, asymptotlicslly colowr contribution survives only through F2
which gives (1-y) distribution venishing et high v.) However note the

following:

0.12). If gluons are light (mU 2= 1-2 GeV), we would expect R,

{iog correctioms). In this case noting that Rflav(GIM) = 10/3 + (log

corrections), the net value of R with the basic 16-plet of fermicns is: 1)
contributions to VN and VN scatterings differ drastically (e.g. neglecting

First, since the flavour currents are ckirel and, therefon, their

R = {10/3) + (0.25) + log-corrections ® U, which is nearly one unit less than the

observed value possibly suggesting the need for new flavour (outside of GIM) or the sea contribution, one has (Uﬁlcv)flavour ~1/3 ard (d0/8r}e e 1

. heavy leptqn, if ‘ie—f91low thé bY‘nU.U commgnly accep*tj.ed criteriqn. . ’ and (1-y]2 for VN and 9N, respectively); the relative importance of

Noting, however, that the approach to scaling e iail i i colourorms B s 1o stoene ST

Like region fe s compiicated Gommtos setin g SPEC. ¥y in the time- (even if the colour contribution were the same in gbsclute megnitude in both
Like TEg. n due tc opening of resonant cases st a given incident energy) .
thresholds, we wish to defer Judgment on the need for new flavours (in addition
to GIM) on the basis of the value of R alone (for the cesse of light gluon) 2) Second, it is an empirical fact that average <q_2> for vN 1s about
until such time s the asymptetie velue of R is better knm-m. (45 indicsted | half that for VN et a given incieny beam enelgy

earlier, if new flavour(end/or heavy lepton) would be needed to account for
R ort i
he-spectrosccpy of the J/y-like particles, we will propose to place < q2> 1~ [1 to <+ M

them within & new sixteen-fold, which arise within some of the variants 91,1) o kB- ¥ Ev
of the basic model; however the need for them (om the basis of the value of
R :

elone) in ocur copinion is not yet compelling, since the other new phenomena,, < l“12 =1
encomntered in VN and VN, can be attributed tc excitetion of colour ' e MNE"

(see below) instesd of new flavour) .
a fact which has its theoretical besis, once again, in differing contributions

If gluons are hes =~ L Ge

) - vy (mU V) on the other hand, R ) csn be from the chirsl flavour currents to UN and VN . TIf we now recell our
sizable st SPEAR energies (E,,= 4 to 8 GeV), its varistion dependi i

2 2,2 C'g P ng on the repazls sbout the relstive importence of the non-leading colowr gluon contris
gauge factor A = (mU/q -mU) es well as, in this case, upon the openi i i = gL
: s pening putions compared with the lesding term for § = fa |m.u %10 , ve see two
of new colowr thresholds in the -6 GeV regiom.

_ things: ‘
v . _ i 2 , S

(vi} Colour excitation in WK ' &nd vN':f),O)_ Colour is not over-bright in te) pixst, uaing the espiricel (o) for O and Wi o o

5 L
VN and YN, analcgous to eN and UN, since there is the same dsmping factor the non-ieading colour gluon term 1ls expected to be important m for VK

2 2 2y :
&" = [l'.'v/(]?. i+ m$12 in all four cases for colour production: the scattering for
corresponding expressions for the structure functions are listed earlier; E <{10 x 5) { 2/ ) = 100 GeV for = 1,5 Ge¥
theege determine the cross-sections which are: v o~ gl g oy . ’
- . while th 4ed to De lmportsct for VE secatteri for:
GQG\!,\) G? ME ey are expecte : mpoT : ng
xay T W

2 2 2
|}~2(1_y+2L)+l2'—(2ﬂ'1-r2):(y-zL)xp3] .

-
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E; £ (10 % 10) {mi/mp) = 200 GeY for my = 1.5 GeV

For a heavier gluon, the'y would be important for energies higher still.
In other werds » €ven for a lignt mass gluon, they are important for both ¥N

end VN at Fermilab energies.

{b) Second, being non-leading in q_E , the lower the average (q_2> {subject
to the scale threshold gcopdition <q2>3_ 2 to 3 mg) , the more prominent they
are, Giwven that average <q2> for VW is sbout & factor of 2 lower than
average <q2> for VN at the same ineident energy, it then follows that

the colour contribution from the non-leading terms is far more important in

absolute mepnitude for VN _ than they are for VI at ile same projectile energy

{as long as <q2> lies in the semi-ssymptotic region; i.e. <E’,> = <q2>/n‘12}§\_103.

Note thus that this discrepancy (between VN and WVN) arises in spite of the

symmetry between Fgul

(wN) ang F;:.OI(UN) simply due to differeing average <q_2>
for WN versus VN, whieh in turn has its origin {as stated before) from
differing contributions from the chiral flevour current to WwN versus 9N .
This ig the essence why colour contribution is & priori expected to lead to

g sizable rise in {GU/U\J) above colour thresheld in a semi-asyrptotic
mannmer. Such a rise in (G\—;/UU) should, however, be followed by a fsll with
increasing energy, when non-leading terms become unimportant. Asymptotically

{ for IqEI »> mﬁ) we expect

Fal
I ax x g alx) + 36(:{)] + %‘v(x)

2
U_{‘)] fa™] -hm; &, lavours R
o] 3
vie.e dx x g [Bq(x) + E(x)] + %—v(x)
) flavours ‘

1 .
Since § [ x v(x) ~ 0.5, the gbove asymptotic ratio of (GG/UV) (with the

gluon contribution included) differs little {by less than 10%) from its
asymptotic flavour velue (which is = 0.4 for the simple GIM flavours).
However, in the non-asymptotic region, the effect of the colour contribution

is quite drematic {see below).
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{c) (}:‘ 5%- and Bigh ¥ anomsly in TUN: The remarks made sbove with regard
to seml-asymptetic rise in CUC‘/U\V) epplies alse to the (‘y% end the y -
distribution for VN . This may be seen as follows. Although asymptotically

only F;c’l survives, which leads to (1-y) distribution, non-asymptotically

F‘iu is_ importent; +this provides a 1’2 term in the y distribution (multiplied,
of course, by scale violating q2 dependent term in onl). In turn this
provides a hich y component in the y distribution which should be reletively

much more important for VN than for VN, both because the non-leading terms

are more important for the former than for the latter and alsc because the
flavour current leads to a nearly vanishing eross-section for 'UN at high ¥ .
(but not for WVN). Thus we would exvect & significent (once agoin semi-
asymptotic) rise in <y>i above colour threshold due to colour production.

The veristion in the y distribution (above colour threshold) as s
function of x is dependent crucielly on the shape of the glucn distribution
funetion +w(x). If this' distribution is strictly sea-like, the high ¥y
component for VN (mentioned above) would, of course, be prominent onmly at
small x . However, there is a Briori no strong remson for v(x) to be strictly
sea-like (ms stressed earlier ). Note that the predictions on the grose
properties such as (GG/O'\,) and <y>3 are not expected to be semaitive to
the shape of v(x).

We thus see that the colour contribution has at lemst a1l the qualitative
ingredients k9) te account for the cbserved new featwres in VN and N
rhysics,in particular the rise in (GU/G\J) and <'y>V as pemi-asymptotic
phenomena. These points have been examined recently Vin

8) with the assumption

some detail by Sidim, Mohapstra and Pati

that the gluon distribution function w(x} is eei.-like.so) Subject teo this
assumption (which eventually can be checked most directly from measurements
of OL/UT)’ their caleulation has essentiall_y only one parareter, nemely
the mass of the charged colour glucns. Their results for (0‘—,/ov)c.c and
<y>v and <Y>V are given in Figs. 3 and L , respectively.

For ccozparisen the fit by Barger, Phillips and Weiler 51} using ®
quarks &nd V 4+ A currents is also plotted. The best fit uéing new flavours
1s obtained with & mass of b gquarks =5 GeV {the t quarks forming the other -
member of the doublet containing b quarks must have s mess as high as =10 GeV).
The ¢olour fit {(with no new quarks besides GIM) is perheps equally as

acceptable (if not hetter} as the new (V + A) flavour fit, The important point
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to emphasise is that eyenipally 52]‘ the colour contribution will fall with

F‘i"l""‘-" —— 0 and I % s vhile the contribution

2 2 2

q +w - gc > ®

from new flavours will continue rising up to their scale inveriasnt values. This
is & characteristic difference which only further experiment (for example
for crv/cru and <y>v can gettle].

A further remesrk is in order. We heve presented the results for
colour excitation without teking into account the scale violating log corrections
implied by agymptotic freedom, applicsble to cur theory (st lesst
at present energies 53). As emphasised recently by Altarelli, Parisi
and Fetronzie 5k) these corrections are rather important for N end VR .

However, with eny reasonable velues of the effective strong coupling parzmeter

g = fzﬂi'rr 0.5 these corrections by themselves lead. to a
value (C‘G/Uv) £ 0.k5 st E = =100 Uev, which is pernaps too

R ¥
small to aceount for the data. Thus it seems to wus

that a new exeitation’ (beyond- GIM flavours} is suggested by the date.’

It ié entirely conceivelle that the inclusion of the log corrections together
with colour excitation (a8 suggested here) may lead to an improved agreement
of theory versus experiment compared with that exhibited in Figs. 3 and L. This

is worth investigeting.

{vii) The three central ideas - their non-negotisble consequences:

Before we turn to s discussion of exect versus partiel confinement,
we wish to list once again the three central ideas, which we have proposed so
far. They are:

(a) Lepton=-badron unification within the gauge framework, so that
beyond some energy and momentum transfer (105 @e¥ in the basic model), their

interactions become similar,
(B] Baryon-lepton mmber violation;

(¢} and unconfined quarks, gluons end &ll colour as opposed to their
exact confinement. We have been able to propose and sustain this third
hypothesis ir spite of the non—eppearance of quarks in sta;;dard experimental
senrches because the lepton-hadron wnification bypothesis within the gauge
upproack led firstly to (i) integer—charges for quarks together with gauge
damping for lepto-preduction of celour, and secondly, (11) to non-eomservation

=ho-

of beryon snd lepton mmbers. This second {characteristic) festure implies
that even relatively light quarks (mq = 2 to 2 GeV) would be short—lived

(‘r‘q =10 &5 10°1° secs. in the basic model) decaying into leptons (or

antileptons) withoui the ﬁroton ~ A THREE-QUARK-CCMPOSITE = being too unstable
&t the same timé (see below). This in its twn provides s simple resolution
of the MISSING QUARK MYSTERY, wntil such times as experiments designed to
search for querks decaying into leptons {or antileptens) (see tebles III end
IV) deny (or prove) their existence.

Quite clearly the lepton-hedron unification hypothesiz may be realized
in a variety of slternetive ways. It would be quite pretentious of us %o
conceive that we have found the group and the multiplet. iiut are there then
still sowe crucial and nom-negotisble consequences of our central ideas. We

find that there sre at least three which fall into this category end which
jeserve experimental attention:

(1) Unconfined colour-gluons which manifest themselves most d:l).r;;';.ly
i
through (cL/UT), which asymptotically must remsin non-zero and scale i

{2) Integer-charge quarks decaying 53) inte leptons (or antileptone

depending upon the model. One place to look for these decaying quarks is to
fix on lepton versus antilepton ratic in NN-collisions; the most direct way

to search for them with lifetimes. ¥ 10712 45 107'? secs. being messurements

in emulsions. Their pair production cross—section at the highest accelerator
energies should be in the range of 1£)'30 to 10-32 d_mz assuming that thelr

masses are in the range of 2 to 3 GeV. Last, but not the least]

(3) The unstable proton. Bince there are no stable gusrk in the
model, the proton must eventuelly decsy into leptons + meecns. A8 long as
querks and diquarks are heavier than the proton, the proton - & three-quark
composite — can decay only provided all three quark.s‘ decay "simdtapeocusiy”

into leptons (or antileptons); this implies that the proton 1s extracrdinarily

2
lr.u.ng li‘vefl (Tprpton 2= 10 9 to 1032 years) consistent with its present 1ife-
56)

time estimates s but not ebsolutely stablé.
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v. CONFINEMENT: EXACT OR PARTIAL

In theSer: lectires, our major battle has been against the

Dogme of exact confinement - with & minor side skirmish against new flavours

57)

and right-hended currents . We wish to consider the present theoreticel
status of the Dogme further, but before we do this, we summarize the three
points of view about flavour ané colour guantum numbers which are currently

entertained (gee Tedble V).

Consider the Dogma of exsct confinement. There is nc question but
thet gquark dynemics has its peculiar features. It is our contention,

however, that these peculiarities can be understood in terms of partial
confinement so far as integer charge quarks are concerned. Thus, from perton
model we may infer that quarks, inside a nucleon behave as if they were free,
light particles, and further thet if & hadron does dissociate into gquarks,
there appesrs to be a large probability of quark recombinaticn inte knowm.
hadrons, The question is: do these peculiarities really necessitate the
DOGMAT The (integer-charge} quarks may be speciel but are they that special?

In this context let us recell that there are other well known and well
understocd eituations (e.g. electrons in a metal or nucleons in nucleer shell
model) when particles moving inside certain environments sppear to behave as
if they were free - the fact thet they should in all reason be experiencing
falrly significant intersetions from their nsighbours showing itself mostly
in a change in their effective masses. For guarks too the dynamical reason
for their peculiar behaviour is Known. It lies in the beautiful discovery
of maymptetic freedom asscelsted with the gauge theory 6f colour gluons.

One must, however, emphasise that asymptotic freedem nowhere calls for exact
confinement, and certsinly not for zero-mass gluons. (It is a standard
felleey in the sublect that asymptotic freedom is always ruined by the intro-

duction of Higgs-Kibble particles needed for giving vector glucn & mass.53)

We‘believe that a ceombination of asymptotic freedom associated with
coloured gauge gluons plus soliton-Iike classical solutions for scalar fields
(producing space-dependent non-zero expectation values for these sealars)
suffices to yield a partial confinement picture of quarks snd gluons.

The effective masses of these particles outside the nucleon environment are

larger than their masses inside, but not infinite.

Ours. is & picture which may resemble the MIT bag,except that our bag

for hadrons is pervious and there is g

finite transmission brobabilifx for 1ight
quarks and gluons to emerge from the bag .and then mcquire their physicel masses.

a -~ =T

We mey be wrong in ascribing end hoping for low physical masges (a.few GeV)
for quarks and gluons &nd higher colour states, but surely there is nothing in
guerk dynemics yel, so peculiar as to call for a concept a8 forbidding as the
exact confinement dogma.

Perhaps the chief faseipation of the exset confinement hypothesis is
the one spelt out by Glashow: "... exact confinement represents the end of
the road so far as the concept of 'elementarity' is congerned.” From this
point of view, for the dogmatic there is nothing more elemeﬁta:y,in the sense
of physical particles,then the colour singlet pions, kaons, nucleons etc.

Exatt confinement is thus the greatest idea in particle physice since the

g -

bootstrap; since it will mean the final closing of a chapter in neture's

architecture - “Tamam‘’.

But how to implement this i1dea theoretically? There was the hope
that Yang-Mills zero-mass gluons would exhibit a highly singular infra-red
behaviour, a behaviour so virulent that all S metrix elements involfing
coloured particles in initial and final stetes would tend to zeroc (without
violating unitarity), when this (infra-red) singularity would be taken at its
face velue. Unhappily for this conjecture, it now appears that the infra-red
singularities in Yang~Mills theories are no more virulent than those cne has
encountered from antiquity in QED in perturbation fheo:ysa)- And, in facf, to
any given finite order in a perturbation expansion, all infra-red singularities

cancel so far as transition probabilities are concerned - in either theory.

S e =T

A nalve physicist may be forgiven for believing that either both QED and
Yang=Mills theories confine or both do not.

But perhaps cne could take refuge behind the inedequacles of perturb-
etion theory. There could be hope that when the perturbation series is
surmed the sum exhibits a different behaviour in Yeng-Mills ‘than in QED, .
Or alternatively, and more plausibly, exacti confinement may be likened to a
rhase transition which does not menifest itself except when cne uses non-
perturbative methods. The diffieulty with this conjecture fs that one does
not know of any phase transition phenomenon which 1s not reversible. When
Pleced in suiteble externsl environments - high temperature, high matter . .
density or high externsl electric and magnetic rields — all known systems ! )
revert from one phase to another. Once again, one 1s led to contemplate

~3-



partial rather than exact confinemen% &s the order of quark dynamics. 59)

(ne should not despair, however. There may emerge B most attractive
theory of exact confinement for querks and gluons. Quite clearly in such

& theory unconfined leptons cannot be incorporated on par with confined quarks.

To have & universal end-of-the-rcad concept for elementarity, leptons must be
assumed to be composites of some meore fundamental entities, and it is these
entities which might be placed cn par with quarks so far as exsct confinement
1s concerned. An alternative suggestion could be that neither leptons nor
quarke are confined, but that both are composites of pre-gquarks — preons -
eight enﬁities, each carrying jJust cne of the four (GIM) flavours or Just ome
of the four colcurs (red, yellow, blue end lilsc). Preons mey then be the
universal end-of-the-road,to be confined exactly after the theory of exact
confinement has emerged.

But however seductive thecretically the idea of exact confinement may
appesr, and hovever elegent the final theory of such confinement mey be, we
respectfully wish to suggest - particularly to our experimental colleagues
at the Conference - that the guestion of exact confinement or not is in the
end an empirical one and must be settled by them in the laﬁoratory. Dogmas
are sbsolutely essentliel for the progress ol Science - as Karl Popper has so
perceptively emphasised - but they become tragic if they suceed in stopping
experimentation designed to prove them wrong,

=hla

APPENDTX

Neutral-current Interactions in the basic model

In the basic model based on the local symmetry SU(2) XSU(2) SU(h)

there ere three sources of neutral-current interactions for neutrinos

col*

{ignoring superheavy X). These asre in the notaticne of Ref, 1: z°, °
and Iﬁ

(1) Tae 2° is tcenticel to the 2° of simple su(e)xu(l) theory
in the leptonie sector, the weak angle being given by sin 6 ER EL 5R),
which is nearly § for the complete left-right symmetric theory for which
g, = gg + ela).  The 20 or the su(z)Lxsu(z)Rxsu(h) model differs,
however, from that of the SU{2} xU(l)XSUH)
quarks (see first paper of Ref, 1) in the semilepténi: sector “ilneofar es

model of integer-charge

production of colour non-singlet states is concerned, the two models atill
egreeing insofar es production of colour singlet (flavour)} hadrons 1s
involved. ‘

! 3
(1i) The SO, arising purely from SU(L) ecolour gauging, is coupled
to 8 pure vector SU{3)} singlet and SU(B)oolour
variant models which geuge chiral &SU{L) - see Réfs.9% and 11~ there can be
vector and axial vector So). To be precise its coupling is given by:

r[ 3} 0 ;—t;
AEE QY a4 - 3Ty, * ey o+ UY L+T YV
2§42 " q [ VUM

Note the large relative coefficient (-3) for the leptons.

singlet current (for the

45~




)
. Teble T .
(111} Tve contribution from the neutral colour gluon U is importent *y ) .
. Ixpected properties = of 1ight peutrsl colour glucns (smss 2z 1-1.8 GeV).-
anly for colour producing semileptonic neutral-current interscticns. (1ts
ca_ntribution to purely leptonic and flevour producing semileptonic interactions Decay modes of T =i (/3 v3 + yB} Partisl width
Bre negligible.) Noting the composition of the diagonal field U for the
basic gmuge model {see Ref, 1), the corresponding amplitude is T+ ete ’ {2 to 10 kev)
+ -
» +yu (2 to 10 keV)
(%) MU .
AMyv+F>v+Xx )= grm + Ty, hmy, nty {~1 to 3 MeV) :
+ 37, 5%, pmw, wim, KK (~;—‘_to 5 MeV) 1
‘ . > 21, b, 6m, KE (~15 to 3 Mev)
) +
wu(l YE W Xc<':l|JcclIH> } Thus .
. 0 1 1 MeV T(T), , . <10 Me¥
Where Jcol is the source of U = §(f3V3 + Va). Note the emergence of the + . 3
same geuge demping factor (mﬁ/ﬂq2| + n%)) for neutral-current production of B.R. (T+eelar(1~3) x10 .
colowr by neutrincs as the one we encountered for colour production by charged Photoproduction
current VN scattering as well as by eN scattering. The contribution from — +
¢clour to neutral-current peutrine strueture functions may be cbitained from those oy + ) _’3 ixre E+ * X) -~ 10'2 (% to 5) .
for N structure functions {given in the text) by simple 'substitutions. If . oly +F>p  tX+ee +X)
T,8) )
the wN da N 1 d ’ * |
charged current and 9 enomalies are due to colowr production a8 ) Besed cn estimates in Ref.28 Tt is assumed in Tables I and II that the 1
" - i { b hougl '
uggested in the text, neutral: ‘current neutrine interactions must also be alresady gluons ave the 1ightest coloured octet mesons. (Most of the remerks ( . i
't . ' '
potent in producing in general not 811) will apply to the decay modes of whichever 1s the lightest
It should be noted that ihe ecclour gauge pariner of the photon for the set.) For a heavier gluon (mU #x b1 GeV), the decay channels are the seme; the
1
SU(2)x{1)%sU(3) model (see first paper of Ref. 1, where it is called Vyo) expected partiel widths will differ. See Ref. 60 for some estimates for this case,
- 4 :
differs from the corresponding geuge particle U  of the SU(E)LXSU(2)RXSU(M) 40 ‘g . :
. a ‘ -
model, since for the former the counter parts of s? gpd Wg (which enter Decay modes of V. , Vy, _and V.. in the basic model
intc the photon} are lumped into the singie U(l) geuge particle. This would o /= . J¥idin
] - v =t
lead to some difference in the phenomenolegy of colowr production by neutrsl- M 3("3 3 8) > 31, 57, P, wrm H to 5 MeV)
current interactions for the two models (depending upon the mass of 50). IR
o 0 - ‘ +ee , LU ,MTY ete. Retes depend on amount of
The phenomenclogy of the tripple contyibution {frem 2°, S5 and U) to Ly, € w© = 13 VB* VB) in ¥
-+ 27, Um \
neutral-current interactions involving essentially only two parameters {i.e. 2T, 4T, &Y . "
sinz‘eH and (fE/m:))-the mass of the colour gluon U being constrained already ' o =0 o r s _ )
i . . - Voo, ¥ + 1 ree,pu (B.R.-'103) ‘
from charged ourrent interactions - is worth investigating. This may provide YB* 'YB virtusl :
the
- x 1
{assuming that departures fromjsimple SU{2)xU(1) model an definitely called > wmy, by, my (dominent modes)
for by improved messurements in the near future) yet ancther signature for . :
colour and should shed some light as to whether g0 (with 1ts characteristic -+ 3n, 5w, pm, . (dominent modes)
isoscelar vector gou ing) is superheavy (like X) or whether it is relatively - :
3 o v T, = BT <«a0™’ see. 1t lm(vgn) o] <<my .
1light (~10~ Gev). ‘
0 0 =0 61)
Note that Vg snd 705 vere called Vgy and Vg, in the past .

k6= T
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Teble IT
Deceys of charged colour gluons ) )

\ ] \l n & 1-2 GeV m % b1 GeV
(V) + & ( )% %
| VreVry) @ Ve 025 =18
| i, L (05 %18%
- f
’ + wm, 3m, bW, 51, KK.-- | (30 ¥ 10)% 5 5h%
‘ + mrev, KKev, fnev | (1 to 5)% (2 s010)%
# Tev o+ Kev . nev ’[ forbidden (a) | Torbidden (a)
{e) The Tev and Kev modes are forbidden (relative to the
allowed modes} by I-spin and strangeness conservations,
respectively, The Nev mode is forbidden by gU{3) ana SU(3)'.
")

Assuming that these are the lightest colour octet mesons.

Table ITI

Two-body decays of vellow and hlue guarks in the basic model (AR = «AL}

{see Ref.6 for details]

-+
F +
Py Vet (m,n) Y K {a)
o+ v +(mn) 3 v +K
¥ib e * > 1]
0 ]
Ay'b v+ X VR |
+ - 0 6
- + T + T ]
Py b R Ve (v)
+ + +
: +
Sy b + v, +0D s vy F {e)
o + . + 0
* hptT i Pyt T (v}

- 12
t(yb) ~1070 t0 21072 sec  gor m, %2 to 3 0eV ()

(a) Assuming (p,\)u) are strange. LT (e,\)e) are strange, inter-

. change K's snd T's ete.
(b) Normel non-leptenic week decay; we have not exhibited semi-

Jeptonic veak decays (e.8 on 5 * Ao
ep Qulc we ay .5 y,b Y,b

PR G \ae] , which may

have ~10% branching ratic for chermed quarks.
(¢} Mssses permitting. These modes might be relstively suppressed

if D and F are heavy compared with charmed quarks.

(@) tle, e nl

which are importent} 8verage meson-maltiplicity A3 to L.

- 8-

Table v D%

of red quarka in the basic model (AR = -AL = ©

Two-body decays

lifetime estimates include mumlti-mescn emiseion,
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Table IV (ecent.)

; +
T) Notation: m dencte mesaes of red, yellow end bdlue quarks. V stands

r,y,b
for the charged gluons Y:y or V‘:.b . The lifetime estimates assume guark mass
22 to 3 GeV. and include mult;l-meson-emission, which are Important.
{a} Normal non=-leptonic weak decays;
{b) Perhaps dominant;
(¢} For an extended 3ymetry9')(such as SUU&)AX SU(”BX SU(M)}: % SU(h)B'),
ihis large factor (mwfmv)u is absent and other decay modes are

available,
® The decay pattern exhibited in these tables hes been worked out (Ref.6)
following ¢losely the dynemicsl restrictions of the besic gauge model. See

TRef.23 for an indication of certain important alternatives.

—50-

]
Table V_
Supmary of three approsches to flavour end colour .

Flavour

Colour

Stendsrd model (Fractional cherge
quarks) GIM + new fiavours. Need at
least one new flavour (b} with a right-
handed current to give an explanation
of recent VN and VN data [mb 5 GeV),
A1l J/Y particles cc -{and possibly

new flevour-anti-flavour) soleour

singlets.

¢onfiped.. quarks~ - Proton

Dogme, of eéxsact colour confinement.
Gluons and quarks will never be seen
as physical pﬁ'ticles. Unified models
upite \:mcanﬁned lep_f.ons tri:th .

unsteble but its lifetime constrained
only by experiment. The characteristii:'.
energy where leptons snd quarks may
lose their distinction (except in the
matter of confinement) is in excess of
Plenck energy 1019 GeV.

Han-Nambu guarks

Fine integer-charge guarks, A eatig-
factory geuge theory of weak, electro-
magnetic as well as strong interastions
not possiblesﬁ}\t least one guark stable.
Alternatively with AF = 2 | q *+ qqg
transitions possible so that quarks

may eventually decay into the protons
which are stable.

M1 J/Y particles must be attributed
only to colowr. No suppression of
colour versus fisvour-production for eN
and PN . This should have led to
100% rise in eN and WN structure
Tunctione. in contradiction with the
data. Similar objJections arise from
considerations of -(eN{uN} retic and
gmall velue of (_G‘L/G‘T

Y

Our quarks apd Jeptons )
12 integer-charge quarks carrying L fla-

vours and three c?)]]?o%giggggi. A gauge
theory of all interactions formulated.
Lepton-number fourth colour. Quarks
gecay into leptons (AF = 0} or anti-
leptons (AF = 2), Predict !.‘/!,4' £1
in NN, vN ete, through nucleon dis-
sociation mechanism. SLAC (pe) events
may be mttributed to quark decays
provided colour gluons are relatively
light (%1 to 1.6 Gev). Proton unstable=
the resclution of miseing quark a:l@el_n_ma,
vhich requires T (q‘l;mrk)glo-lo sécs,
constraing proton 1ifetime theoretically

(T proton % 1029 - 10% years).

Colour shines discreetly in leptopro—
duction experiments, but quarks and
gluons must exist as physiesl perticles.
Partisl and not exact confinement. J/¢
particles may be (cT) colour singlets,
while (L4,1) GeV region may contain
colour octet states. Altermatively, the
I/ (3.1) and §* (3.7) may be & colour
octets, giving & simple understanding
of super-Zweig rule. Colour geuge
gluons will give UL/GT # 0 and predict

its scaling. Also explein new ©N, VK
deta and its deviation from GIM as due
to discrete colour. Predict Gﬁlc\:
will rise slgnificantly above GIM value
but 'only .tempora.r;ly; will fall to
nearly -re-approach GIM value (within
+10%) for € = && /mf, 5> 1,
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TABLE VI

Tyrlsmstions of phencrensa with unconfined ver

sug confined

COLOWT gauge theory

FEW PEEROMERA

EXPLANATION WITE UNCOFINED
COLOUR GAUGE THEORY

FXPLANATICN WITH CONFIRED
COLOUR GAUGE THEORY

Ife feaxtly
I = 1=

3.1 - 178
{ cc)cclouz'—si:nglet 1
3.7 3
278
Colour within 45 GeV mnd/or in
1-2 Gev regicn. {If cclour in
both regions,expect scme 4-5 Ge
struciures shouwlé decay inte
_colour in 1-2 GeV _regiom)_

or,
1 51

2
Sl‘

3.1 )

3.7 colour-octet

(‘=°?1';::Zl.ou::---si::\g‘le‘t:s"J'.l b5 Gev
region. Simple explanation of
super Zwelg for 3.1 and 3.7 =
("dormal™ Zweig) x {colour’
symmetry breaking)

Same &5 left {this picture
was proposed here)

may need new flavours to
explein structures near 3&;}

Hot permissible

C—even famiiy

belov 3.1 snd be-
tween 3.1 apd 3.T.

Heavy {qQ)-spectroscopy

éanea.sleft

+
e'e -+ pe +

mmdetectables

et spax

e-et. i ’+ q:
l 2 step-fuark-
e e decay
e-g‘ - I" -+ 'I
IR

Heavy lepton explanation not
neaded, Need coloured vector
mescns (e.g. gluons) sroumd

1 to 1.6 Ge¥ in the basic model.

Suggest neareﬁ-nerrov gluon

e_e* he ﬁ at Frascati,
Rovosibirsk, Oreay

Fo explapation unless
postulate heavy lepton

vE + u"p‘x

- +
+*
vE +p le-rx.

. v {rate w2 to L¥)
az well as

VE =+ u_ + charm + X

v+ L. (rate ¥
1 vo 1£).
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Charm production only; may M

TABLE VI-{c.on;;Q!

’
P

WITE TNED EPLANATION WITHE CONFINED
PHEROMERA EXFLANATION UNCOT T
= . COLOUR GAUGE THEORY COLOUR: GAUGE THEORY
Wi + peE+ X Cherm g.u.s'rk producticn . Charp meson or baryon
. production
v+n+u‘+}.c +R)+X
Aty ¥ +x°
4 : . )
v+ Ko
In additien, producticn of charm
| me=son or baryon
- =
VvE+ypyu X Rucleon-digsociaticn + associated| Associsted productliocn of

production of r.:harn =né colour
(see text).

charm and/or new flavour

(W*uu) 'o(bu:l:
dissoc, mode]) :

Scaling violations | Non-asymptotic colowr excitation, I-og-cor:::l;iml _(lmptotie
¥, N, VE , * o free

Log-corrections (esymptotic o -«

friedm] B . Hew Tlavour-threshbdld
(0= Non-ssymptetic colour excitations,| Must postulmte ™ - .
(og/oy)e..c At higher energies (ir no new quark with mass around .’
+ 0.5 to 0.7 flavour excitation except GIM}; s Gev. (0g/9, ) et

Qs+ ‘o.h

(qv./o } ami(;r)- showld fall to
scaling velue = om + (< mﬂ

Gy 2g should cont!.nue
51_92; up to iheir =
scale invariant values.

(o /o )¢ O
If it persists

.colour—gluon-excitation

=5 ('aLIaT)a—r(x) d0

on explenation

e"e’ - JETS

{spin } ~ pérentage)

einplest explanatiom in terms
of quark pair production apnd
decay:
Ceeteget
(m-tly}/
v+ {(r,mn) v+ (nin)

Missing energy carried svey by
neutrinos

'Difficult 1o see how after |

a recombination of confined!

-quark snti-quark pairs to

'make normal hadrons axoy.
Jet structure can survive, -
e -

need new flavours if
Tate > 1%

(cont*a)

ﬁ+£+ I versus
¥E+T+ X
Tatio &/T#1

Two sources of esymmetry between
leptons and aptileptons:

or ‘eoloured mesons and
baryons.
Fucleon-dissociation into
quarks folloved by their *
decays into leptcns

{AB = -AL), or antileptons

(ui

{i) Assoc. production of charmed

(8B = +AL).

Coly source (1) applies
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TABLE Vil

A LIST OF ATTEMFTED EXTENSIONS TO THE BASIC '."KJDEI.

ATD OFEF PROBLEMS

~1

N Ng. ef ] No. of ... . Qeuze 1} Reison & Veak
Model i Fizveurs & Smzetry T'_a;;?t-é;istics Fretures 1
OnS polotrs firup .
Ry [ \ -
Basic {12+ 4} (5, L) suL(z)xsuatz} jK=+e+p rate 1} e,u distin-
& =0, —_— . fcrees cheracter- guished coly by i
4B jIstic ene :
. - ¢ beyond \-hgcn Strangeness
leptons guarks 2) Masslessness
! unify, es 1o GeV. 'of neutripos
i jechieved but not
- ielegantly.
Perhaps need a
Super-symmetric
verslop of the
basic model.
eanom = (24b) | (%, 3) s, (2} (2) } e,n distingnished |No elegant
ical . " i85 belonging to explenation of
‘W0 "SUCU*)“SUC(“ different groups |emergence of
55 =bl. U, (4) ana sUL(K) SO ) g wvoar
K-'e*u rorhidnen. symretry; Also
Thus character- Cabitbo angle
} istic energy not ccmputable
{could be && low in principle
jas 103 gev.
Prod- H
ig ulh.’!l) {2L+ B) ; (8, L} SUL(E)*SUR(Z) 4iSzme aE above WenX points of
b economical model
AF = 0, "EJS(I*)"SIJ:{!‘) ) removed; also
93 AL - ! ’ ‘ lplace for heavy
; 1 leptons if they
h exigt. Bowewer,
B altogether too
WY richand prodigel
. f ;
Mirror (2k+ 8) (8, 4) FJ“‘)A“SJ(UB A single K+ & +y-
‘AF = D - ! ¢ ¢ Wifying gauge fproblen seme ws
AB mdL : xsufl) A"S‘"“‘)g coupling con- for the basic
{I. R ' stent. Pessi- model. Too rich)
b : Flavoursseolour (bility of skew
;r i ;ehi—aright E'\‘H\)-?urrents
iscrete Symm. e.g. (P ‘} )
R,L J Pa
VECTOR-LIKE R
Theory, but veak ! coupled to lighter
neutrel current .0 ) if meeded,
not pure vector 12::‘;?2’: ,’::551“5_
"eleg&utly imple~
;mented.
[
{contta)

TABLE VII (Cont'd,
. For each one of the above models, a version exists,z) which gauges

' Y, end  the tielg '@g . {or equivantiy .

geuges Mejorana components of each complex field v} In these versions (azd

ch.a,rge-conjugate :

introdvcing nev gauge particles) we cen implement beryon-lepten muwber violations,
{1) AF = 2, &8 = +L, or(i1) 4B = _n,'e, 4B - + A1,
rather than
Though we

extensions end variants, we wish to stress that our

to give the selection rules:
or(iid) AB = +BL , LB = AL, (es veldl ss &F = 2, AR x 2, &L = 0},
the selection rule of the basic model 4F =0, 2B = -&{Le + Ll-l)'

have listed these minor
rreference is for the basic model, which is the simplest of all the models

considered. It iz to be stressed that crucisl comsequences of our theory

(a) ULIGT ¥ 0 and its scaling behaviour;

To} the fact of quark decays into leptons or antileptons with
short lifetimes and

32

{c) lomg-lived but unstable proton ('r :-!1029 to 107° years)

-

are common reatures of the basic médel as well as gll its variants \mich we
bave proposed,

Since ncne except the 'ba.sic mdeI have been Imrked out in d.etlil. thele
who like extra flevours or heavy leptons or querk decays involving AF = 2, w
propoaeﬂ. N e, ’

wish to explore the consequences of the Tariants

We now list some of the open problems of our thecry en vhich erthar

work vould be most welccme.

{1) -A detailed model of partiel confinement and Archimides effect,
from which one can compute the spectrum of expecte;!l calour stttel,

and the probsbilities for nucleon-mescn-disscciation i.nto qunrh
versus quark :re—usociation to form normal hsdrcnl.

{2) Using sich a modal, need an estimate of multiplicities, distributicos
vith momentum transfer and Jet structure of secondsries In high-

energy ecllisions.
‘ from -
(3) Ve peed an estimate of prompt leptons versus antiilepten ratic/normal

{cherm and colour)associated production and the expected rl.tio

Trom nucleon dissoclation mechanism inte qum-?n and their uu‘b-
sequent decays to facilitate the experimental search tor as'ymatriel
in lepton versus asti-lepton productics in BN ete.

(k) Heed an examination of colour effects in VH, VN, &N, kN making alffer.
ent hypotheses for the gluon distribution function w(x) and B
elso investigation of the effects of incorporating log corrections
expected from msymptotie freedom for the parten—smodel formulas for
flavour + colour excitation (presented here).
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REFERERCES AND FOOTEOTES

J.C. Pati and Abdus Salem, Phys. Rev. DB, 12L0 (1973); Puys. Rev. letters
Y, 661 (1973); Phys. Rev. D10, 275 (1974).

Of course, some day the theory must slso explain vhat determines the

characteristic epergy at vhich the distinction between wesk and

electromagnetic forces disappears on the one hand and strong and wesk and

electromagnetic on the other,

§. Brodsky and J. Sapirstein, {to be published).

M.L. Perl et sl.,Phys. Rev. Letters 35, 1L89 (1975}

G. Fsmeon et al.,Phys. Rev. Letters 235, 1609 {1375).

J.C. Pati, Abdus Salam spd 5. Sakakibara, Phys. Rev. Letters 36, 1220 {1576).

J.C. Psti and Abdus Selam, Poys. Rev. Letters 35, 11, {1976); J.C. Pati,
1sctures presented at the Conference on Gauge Theories end Modern Field
Theory held &t Northesstern University oo 26 September 1975 (published
by M.I.T. Press) at the Coral Gables Conference, University of Miaml,
Januery 1976, and st the American Fhysical Society meeting held in
Washington, D.C. {April 1976); Abdus Salam, Lecture delivered at CERN
(March 1976), ICTP, Trieste, preprimt IC/ 76721,

D.P. Sidim, R.K, Mchapatra and J.C, Pati, Brookhaven Preprint (June. 1976).

An independent motivation for the existence of & nev set of 16 four-'
component fermions arises if we wvish to choose the more symmetrical gauging‘
pettern Sa(L), x SU(L), * SU(k), x SU(k), Trem the point of view
of realizing a unified thecry with cme coupling constant. ~ In this case,
the requirement of fresdom from enomalies would suggest the existence of the
mirror fermions F' with the mirror-cymmetric gauging pattern: F HFB r
R.N. Mchapatra and J,C. Pati, Phys. Rev. D11, 2558 (1975); J.C. Pati and
Abdus Salam, Fnys. Letters S8B, 333, 1975.

R.N. Mohapatra and 'J.€. Pati, Phys. Rev. D11, 2555 (1575} and Ref. 1.

Ref. 1 and J.C. Pati and Abdus Selem, Poys. Rev. Dil, 13T (1975).

Note that if we admit additional Higgs-¥Kibble multiplets both So and 'H'H

can be much lighter than 105 and 10h GeV, respectively, without st the

same time Jovering the mass of X; this would correspordingly enhance the
0.

strength of 5 -induced peutrsl current interactions mng '-'R-z':_-éuceﬁ {vea)

interaction in B decay (see Ref.l).
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1)
1k)
15}
16)

1T}

38)

19)

20)

21)

22)

23)

A. Bemvenut§ et al-,?h)'s. Rev. Letters 3, 119 (1975); {bid 35, 1199 (1975}

1643 35, 1203 (1975’r. teia 35, 12k9 (1975).

In the past we used the notetions V: and Vi. _for V:E and Yﬁr .
respectively.

The effective mass of & qun.rk ingide a nucleon may be much lighter than its
mess ocutside the nucleon (Archimedes effect).

See D.P. Sidlu, J. Smith and J.A.M. Vermaseren {preprint 1976) for
reference on these models znd thelr consequences for dimwon production.

Adding the retes of u ' (Ref. 13) and 1 e’k events (J, Voo Krogh

' et 8l., Phys. Rev. Letters 36, T10 (1576}, vhich cover different kinematic

regions and assuming (u-e) universality, the lixe-sign dllepton rate- .

‘appears to be 2 2%, . -

J.C, Pati, Talk presented at the llorti:ea.stern University Conference om
Gauge Theories apd Modern Field Theory at Coral Gebles and sy Washington
APE Meeting (Ref. T)o. =~ - - . . . -* - LT

If this is indeed the case, we may Infer that the 1lghtest charzm mkss Sy
be momevhat lower then the lightest eclour or guark., ‘

A mumber of e''s accompanying U 'z 1in i may also be attributed to
the possibility that guark decays may cbey AB = -OAI.e - © 30 that ’
charged yellov and blue guark decay into (poaitrona + mesens) (correspond-
ing to one specific form of Konopinski-Mahmoud model of 1eptun-). Aoy
egingle sccoppaniment of peositrons by kaons may 'be understocd as due to
e's belng st:range and pucns non-Ftrange, | ’

See Tu'b].e T Note 1n spite of thls small braoching ratic s nparrov resonant
(e e ) signal zlo expected from Uo production and leptonie decay

should pot probably be beyond visibility in a high statistics high
resclution stuldy of invariant mass of e_e+ pa.irl produced by (uN) .

collisions due to the reduction of background. We nrge such & search
for discovery of I-JO. This should be in additicn to searches for U
through e"e’ mnaintlation photopreduction and search for proving

et pairs in KN collisions, as stressed elsevhere.
-
K.W. Chen, Michigan State University preprint (MSU-CSL-33, May 1976).

This second restriction is imposed by the dynamics of the basic gmuge

model and not by the general concept of baryon lepton. number violating

quark decays (see in particular the second paper of Ref. 1). It is

possible to invent verlant (and non-geuge) models, vhere q;* (e, 1)+ v+ -
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2l)

25)

26)
27}
2B}

29)
30}
1)

32}
33)

three-body decay occurs with & significant rate and branching ratio without
the intermediary of the charged coloured . gluon. In
these lectures, however, we heve throughout retained the restrictions

imposed by the basic gauge model.

Preliminary caleulations by B. Keyser, J.C. Peti, 8. SakakIbars and

G. Zorn for the kinemsties of the {ye) events having their origin in
two-step quark decays show that the corresponding lepton momentum spectrum
agrees well with ithe present data {(as presented by M. Perl st this
Conference) particularly with gluons having relatively low mass 3 1.k va.
Mse and other kinemstic results pointing to fistinctions between heavy
lepton fersﬁs guark. hypothesis for the (ue) events will appear in &

fertheoming preprint by the sbove authors.

Note that SPEAR datse is consistent with e part {sey 30 to LO%) of the

(ue) events arising from two-body decays, the balance arising from three-body

or effective three-body decays {i.e. quark decays) as proposed here.
M. Cavalli-Sforzs et al.,Phys. Rev. Letters, 36, 568, 1976.
G.A. Snow, Phys. Rev. Letters, 36, 766, 1976.

J.C. Pati, J. Sucher and C.H. Woo, Maryland Preprint 76-120 (June 1976)
submitted to 18th Internmational High-Energy -Conference, Tbilisi, USSR.
The suppression of theffphcatqproductian eross-sectlon compared with thet
of the p0 {by a factor ~10"3), obtained here, is a special consequence
of the gauge origin of photon and U: for which the colour part of the
electromagnetic current is essentimlly the source of T {except for finite

mass renormalization term ﬁmﬁ), so that <O|Jem|ﬁ> = {e/T) Gmg TR
(Gmﬁ/mg) is calculated te be small.

M. Han end Y, Nambu, Phys. Rev. 139, Bl006 (1965).

D. Politzer, Rochester Talk (June 1976); Harvard Preprint.

E. Riordan et al, SLAC-PUB-1634, August 1575; L. Hand, Comments Nuclear

Partiele Physiss 6, 103 (1976); Review by Dree st this Conference.

=T

C.H. Llewellyn-3mith; R.P. Feynmen and cthers.

Sep B. Parish, 6th Hawaii Topicel Conference in Particle Physics,

(August 1975}, CALT 68-535 for & value of T and Proceedings of the American
Puysical Society (Division of Particles and Fields) - Conference held at
Willia.ms‘bu:_g{SEP‘cefnber'lgTh)fdr a plot of W, 8s & function of q2 for the .
SLAC dats, If the effective threshald for colour (wool} lieg around

L GeV, it would be reascneble to assume that et least the lower energy
part of MIT-SLAC date correspending to Ee <, 20 GeV  involves only
tolour singiet {flavour) produstion.

=58~

—- T T W—— T W™ o |

3)

35}

36)

37)

38)
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See,for exauple,C.H. Liewellyn-Smith, Proceedings of SLAC - Photenp-
Eadron Conference, Stanferd, California (September 19'!’5): " Hote tha.t,‘
field-theoretically, unlike new heavy quark-excitation, colour current -
made cut of {p,n,h) quark fields should "feel” the same effective
mass for these quarks inside nucleon as does the flavour current made
out of the same quark rields. Thus & very slow rescaling expected for
heavy quark excitation is not expected for colour excitation in the
Han-Nambu-Model. '
D. Cross and F. Wilezek, Phys. Rev. DB, 3633 (1973}, D9, 980 (1978);
H.D. Politzer, Physics Reports LiC, 129 (1974).

For the Han-Nambu theory of integer-charge quarks {Case .:[I), on the other-
hand, colour excit.e.tion by neutrinos is possible, but its strength and
charecteristics erea priori not unigue. If oﬁe nssumé phenomenologically
that colour and flavour currents contribute symmetrically to the weak
charge as they do for the electric charge.(as has been proposed in the
litersture}, colour should have shone in VN scattering leading to

large ~~100% rise in neutrino structure functions at Fermilab energien
(if colour threshold £5 Gev), which would be .incompa.ti'ble with the
@ata. The equally serious problem (with only § quarks in the theory) is
thet the known hadron spectroscopy and the requirement ‘of realiting a
renorwalizable gauge theory of only weak and electromagnetic interactions
prevents one from introducing strong interactions altogether (ga.\_:.ge or non
%) into the theory {J.C. Patl and Abdus Salam, Trieste - preprint
1¢/73/81 f{unpublished) and L.B. Okun, Physies Letter, 1973).

This applies to some of the recent attempts (e.g. by Feldman
and Matthews and by Stech) at building =a _nnmizuble gauge theory of
the week and electromagnetic interactions with 9 Ean-Nambu quarks.

See for example Review Taik by B.W. lee (Coral Gables Conference,
Januery 1976) and references therein,

@. Rajasekharan and P. Roy, Premana, Vol §, No, 6, 303 (21975).
Tnis elass of gauge theories was first preposed in Ref. 1.

Kote that 1ogi'cs.lly o should not be equaeted with :mu. especially
if the gluons are light f{~1 GeV). The colour-continuwum spectrum
may well begin around 2 to 4 Gev, even if gluons are lighter than

2 GeV. ‘
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16)

L]

4B)
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Y. Watensbe et et al,, Phys. Rev. Letters _3_5_,593 —{197.5)‘]. . Ci;ang et al;
Phys. Rev. Letters 35, 901 (1975). More rece;}‘l'é Fermilab data on

F (q Yas & functiop of o for various (v} | presented by L. Hand
at Trieste Week Interaction Conference, June 1976, See also similaer
curve presented by L. Mo at SLAC Conference, August, 1975, and Ref.lé.

With chiral SU{L)}' colour gauging (see Ref. 9) "there would be newer
possibilities; e.g. lighter yector and somewhat heavier axiel vector

ar(3]' - colour -gange mesons.
.M. Llewellyn-Smith, Phys. Rev. Db, 2392 (1971).

Tt may well, of course, be that the true solution lles somewhere ln—
between these two extremes; for example ne&h half of the gluon
mementum being agsociated with sea-like end the other half with valance-
like distribution.

See, for exsmple, D, Politzer (Ref.30 ) and WK. Tung, Phys. Rev. Letters

35, 490 (1975).

See Drees' Review Talk at this Conference

Here, we are making a simple extrapolation to higher energles for

the relationship between <q2> and EV ) thie may need modification
*

for E 3 » 200 GeV.

For a qu:l.ck ectimate of the order of magnitude expected one may
proceed as follows {this is substentisted later by explicit ecal-
cutation): Without colour productlon one mey choose t.‘v o O.b,

o’v ot l'TahTfle colour c303ntribution to N is nearly 151 of flavocur
see & ON PBgS col
{analogous to eN); thus Gc;l oc 0.15 (epproximately); Tox

is bigger by about 30 to LOF than 03;1 due to incressed inporta.nce

of non-leading terms {see earlier discussicns); thus expect
VN

_+ (0.2 £0 0.22)
G-;Oloc (= 0.2 to 0.22}). Hence [g—-] -~ Q. hl " g lStO 9.2
v ’ VB flav + col

o 0.52 to 0.55.

These qualitative remarks were pointed out in Ref. T; they are founded
quantitatively ir Ref, B,

The effect of other assumed forms for v{x) on (U\_J/Uv)’ <Y>g and
y distributicns for VN and wN is being studied by these suthors.

¥. Barger, R.FPhillips and T. Weiler, Wiscomsin preprint (1976).

60~

52)

53)

5k)

-55)

Depending won By, i, at E\) ¥ 50 (Jl.ufnﬂ] and Ev > 100

(mU/mN) see ‘estimates in text. Of course the predicted fall is
gubject to the assumption that no new flavour (epart from GTM) would
be excited in the energy regime in the future.

As emphasiced elpewhere, even if Eigs-Kibble flelds are -tz-ented as
elementary snd even if the A$' term sssociated with these fields
happen to violete asymptotic freedom, such a loss of asymptotic
freedom is not serious at present enargies since (for realistic
ceses with masgive colour gluons) one may choose XA %« . Kote
even if gluons gre left massless (standard model},in such models
at lesst the W's must be given mass, the corresponding Higgs-Kibble
ﬁema"”‘}ldspou asymptotic freedom (1f they do in the sbove case)
at asymptotic energies. On the gquestion of reslizing asymptotic
freedom in spite of the presence of Eiggs. flelds, see N.P. Chang,
Phys. Rev. D10, 2706 (1974) and E.S. Fradkin and K. Kalshnikoy
Phys. Letters, 59B, 159 (1975). ’

@, Altarelli, G. Parisi snd R. Petronzio, Preprint (Univ. of Rome},
see Bernett, Oeo_rgi end Politzer (preprint) for e comment on-

this paper.
Ckun and Zeldovitch {Oomments in Huclear and Perticle ‘Fhysics, 1975)

have remarked that quark decay lifetimes x10 msecn.m imply too
rapid a Aiseppearance of nuclecnic matter before nucléosynthuis starts
in the emrly stages of the yniveraze, We wish to stress that in the
high tempersture enyironment of the early nﬁiverse the affective rate

of haryon-number violation is strongly d.mfed. Thie rate is controlled

1><ﬁl*> , vhere <c1} ie reisted to the
@h><‘> .
masses of the qolour gluons b,y to the mass of the X, while (a)
and e h> contribute to W mass. Each one of these vacuum expectation .
values will mske 8 transition tc s zero velue at a different temperature
of the order of (Higgs potential parameters) j',hme; the eppropriate
expectation values (<o) <&,> < &) <<b',_;‘))
to be of the order of mnity, and since (c »is of the order of 1.GeV =107%®
there is no (or i1ittle) baryon-number viom.ion until the Universe ia

~1076 seecs. old.

by four expectation values

Agsuming the Higge parameters

At this epoch gluons are masgless, but W's and X's
are massive and nucleosynthesis has already cccurred. These are order
of magnitude extimates end depend upon the parsmeters of the Higgs .
potential; hut they do polnt to the importence of teking effects of

el
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terpersture (mx well as cosmiz eleetric god megTmetic fields) ipitc mzcowmt
fcor Epontsnecusly gereraled gymmetry Vicletiong. we stresg thet the

voole mester of the early (miverse ig & very surtlie ELeromenal. Fer
mey ETill Gecay during the transitics period (= 1C tc 2 eece;,
b g% TElep much much slower thar the rete for low temperelwe
enviroament, Trese new pogsibilities imveolving baryon-lepton-number
vicistion (ihough rather tiry st bhigh bemperstures) mey pley @
significast role in sz wnderstanding of whet we gee today it terms of

essumed models of the early leiverse.

5¢) F. Reines and M.P. Crouch, Phys. Fev. Letters 32, Ub§3 (237h).

£ Aoy snew [lavours can easily be incorporated in our model, but exnct
confinerert of querke would desl & blow to their unificetior witk

unconfined leptons.

-

S8 =.W. Appelquist, J. Carrazese, E.Kiuberg-Steyn and M. Roik, Phys. Rev.
i=tters E, 768 {1976); E.C. Poggic and E.R. Quian, Peys. Rev., D (tc b=
published) end Y.P. Yas, Phys. Rev. Letiers 36, 653 [1876).

59} mhere used to be one inexorstle confining agemey in Physics -~ the ever-
attrective force of graviiy — vhich one thought confined matter in black holaes.
Unneppily, Hewking and quantum mechanical tunnelling heve unseated this egency
also from this unigue role. It mey not be Televant to particle physics, but
s one now kpows, even black holes rediate when they are forming - they Bre Tio

longer the inexcrably and indiscriminetely confining objects they used to be.

60} J.C. Pati sud Abdus Salam, Pnys. Rev. letters 3k, 613 (1975).
0 L . - - - :
€1) Vyp =0d Vg teow by utilizing Vp,-¥ es well a8 Voo W mixings

which {via loop dimgrams) leed to v° =T, {see ¥.R, Franklin,

T rtual
Fucl. Phys, 91, 160 {1975}).

€z} J.C. Peti, Abdus Salem and J. Strathdes,buove Cimentc 26, 72 (29T5).
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