
REFERENCE Ic/76/21

INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS

THE UNCONFINED UNSTABLE QUARK

(PREDICTIONS FROM A UNIFIED GAUGE THEORY

OF STRONG, WEAK AND ELECTROMAGNETIC INTERACTIONS)

INTERNATIONAL
ATOMIC ENERGY

AGENCY

UNITED NATIONS
EDUCATIONAL,

SCIENTIFIC
AND CULTURAL
ORGANIZATION

Abdus Salam

1976 MIRAMARE-TRIESTE





IC/76/21

I n t e r n a t i o n a l Atomic Energy Agency

and

United Nations Educat ional S c i e n t i f i c and Cul tu ra l Organization

ISTEKHATIOHAL CEBTRE FOH THEOEEIICAL PhTSICS

THE UHCOHFINED UNSTABLE QUARK

(PREDICTIONS FROM A UNIFIED GAUGE THEORY

OF STROHG, WEAK AHD ELECTROMAGNETIC IHTERACTIOHS) •

Abius Salam

International Centre for Theoretical Physics, Trieste, I taly,
and

Imperial College, London, England.

ABSTRACT

Within the context of a un i f i ed gauge theory of in teger -charge quarks

and l e p t o n s , i t i s shown t h a t quarks may decay purely l e p t o n i c a l l y as wel l as

semi-leptonically.with the following selection rules:

1) Yellow and blue quarks decay predominantly into mesons + neutrinos
with lifetimes «10"1 1 - 10"1£ sees.(for m si 2 QeV}.

3) Red quark c&n decay leptonically or into mesons + neutrinos or mesons
—A

+ charged leptons (e" ,u~) . They are long-lived (*10~ sees . ) i f no coloured

gluon s t a t e s exis t with masses lower than red quarks.

3) I f such gluons do e x i s t , the l i f e t ime of red quarks may be of the

same order as t h a t for yellow and blue quarks. In t h i s event and i f m ^ E. GeV,

SLAC (we) events may possibly be in te rp re ted as the chain decay
+ _

e + e -+ q + n
-lit I

10 s ee s . U, gl

gluon + V
I -111uon + v 110 sees.

MIRAKARE - TRIESTE

March 1976

M In lepto-proiiuction experiment, production of colour is suppressed
to e 10-15? level in the present kinematic region, because of the gauge
character or coloured gluons. There should be no such suppression in N-H
production of colour.

• Presented a t CERN Co:l;:qul™, 2^ February 19~G.



I. THE SIGNIFICANCE OF GAUGE THEORIES

During 1972 and 1973 a unified gauge theory of hadrojiie and leptcr/'-

interactions was proposed by Fati and Eyseii . The chief departure of this

theory was the insistence that leptons and hadrons - sharing equally, as they

do, forces of gravity, electroEagnctisai and weak interactions - do not represent

radically different forms of matter. The theory predicted that taryons

can decay into leptons and that beyond a certain (high) energy range, all

their interactions will be similar. It is of interest to examine the status

of this theory in the light of the recent experimental information from SLAC,

DESY, Serpukhov, CEKN and RIAL.

There is no question but that the chief quest of particle physics

research is a deeper understanding of the concept of generalized "charge" - an

understanding which should at least be as deep as that attained by Einstein

for "gravitational charge". There have teen two major steps towards this

in our generation.

(1) The understanding of partial conservation of charge in tenns

of the phenomenon cf spontaneous symmetry breaking or - as the condensed

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

onset of ORDER.

(2) The removal of distinction "between weak, electromagnetic and

strong charges. This development startea with the Gell-Mann-Nishijima

formula and continued through current algebraic ideas.

How "both these developments find their aost significant dynwijcal

setting within unified {range theories,and this is what la&kes these theories

sc significant.

II. THE GAUGE STRATEGY AND PRE0K3

The Etandard procedure in cons t ruc t ing a gauge model i s the

following:

( l ) Recognire a conserved (or p a r t i a l l y conserved; sex. of charges

and t h e i r symmetry a lgebra ,

{?-) Fix on one (or nore) tssic- Ferai Eu2t ip le- exh ib i t ing the

appropria te sy^rrietry.

(3) Use the standard Yang-MilIs techniques to obta in e unique

i n t e r a c t i o n Lagrangian

V V

J± are conserved currents constructed frois the Fermi fields and
u

t h e f i e l d s A1 a l t h i s si fife- _ : _

O) Introduce Higgs-Kibble spin-zero fields to give rise to the

appropriate spontaneous symmetry breaking.

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

or partially-conserved charges we empirically recognize at present.

First, there are the two lepton-numbers L g and L^ and baryon-

d " L 1 t V nd u
(a)

nuniber B . We assign 1 t o Vg and e", » 1 to Vy and u ,

and B • 1 to quarks (B = 3 for nucleons).

Define a fermion-number F = Lg + L + B ; the quarks as well as

leptons carry fermion-number F • 1 .

(b) There appear to be at least four known flavour charges: I-spin

up, down, strangeness and charm,

(c) At least three colour charges: RED, YELLOW, BLUE.

(d) If heavy leptons (ana perhaps heavy quarks) exist, there may be a

heaviness quantum number H .

I have not mentioned electric charge, since i t is assumed to be made

up of some of the charges l isted above. The same may be true of some of the

other charges l is ted. All in a l l , then i t would seem that there are possibly

of the order of eight or nine independent conserved (or partially-conserved)

charges. The maximal symmetry group which one may gauge might therefore be the simple

U(8) or U(9) - or, sore accurately, distinguishing chirality, the groups

UT(8) * U_(8) or UT(5>) * UL(9).

Consider next the choice of the basic Fermi aul t iplet . The ideal

choice would be a set of fennions, such that one fermion carries one

fundamental charge . When quarks were firBt invented, they possessed

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

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

and colour (beside, baryon-number) and this has led to an inflation in their

numbers. For a fundamen-.al theory of gauge interactions with eight or nine

conserved chwgM, what ve obviously need is eight or nine PRE-QUABKS or TOOBB

(fields; cf which al l quarks and ail leptons my he made as comvosites

*) V: ertLS group theory uniquely determines the pattern of vector mesons in a.

r •-•:..'•' theory, the pattern of spontaneous symmetry breaking and Higgs-Kibble

•.•=r'.':'.'-s is tot unique,except in a supersymmetry. Since i t is this pattern

V.IL-: -J:.£_!;/ determiner tr.e decays of particles in the theory - including

; .•: .-. -i.y; cf quarks ar.5 giucns which we discuss in this note - a different

••-.-. .. .-•ir-.-i-s-Kitble su l t i r i e ' s ?ir, affect the decay predictions. The only way

- . •.••';-.._• :'-,t theory ur.i,v_ely is through an experimental determination of the

;>.•••- •-•-.- ::i~~K--:ittIe z?>•-:•. :.r:. Tuis is hard but worthwhile.
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Clearly the manner in which PHECTNS are specified Is the same as the

specification of the details of the model. As an example of one choice of

PREOBS, consider 1* * 3 = 12 quarks (each carrying one of the four flavours

and one of the three colours) plus the four leptoris (v , e~, \T and \> ) .

One may consider these sixteen objects as composites of eight spin-s PREOHS,
which are:

(.1) Tour flavour PHEOHS -* which may be identified with the four

leptons L , V

(2) Three colour FEEOBS •+ £ = C° , C~ . C~ .

(3) One singlet PHEOH S° .

The twelve quarks are composites of Llfjtf . The economical concept
of PREQNS - a l l as elementary as leptons - is appealing and will 13600116 more
so if more flavours are discovered. But perhaps the time (and the energy
range) for PHEOMS to be discovered is not yet. *' As an interim we shall work
vith "composite" quarks al>d leptons in the context of an interim symmetry
group SU-CO * SILCO * SU(lt) (which is a subgroup of the PREOK group

Li i\

SUT(8) x SUO(6) ). (Personally I believe that the "final" gauge theory, besides

incorporating with some version of PREOHS, will also be "supersynmetric".
With such a theory the problem of Higgs-Kibble particles, their mutual couplings,
as well as the basic theory of massless neutrinos and their (inevitable)
mixing with bwyonlc quarks may be resolved in a fundamental manner.)

III. INTERIM GAUGE THEORY OF QUARKS AHD LEPTOHS

Assume that the fermionie nultiplet is a lo-plet consisting of twelve

quarks and four leptons:

"B

The tlivour quantum numbers extend along columns; the colour quantum maabers

extend along the rows of this h x h matrix (ve assign the leptons a fourth

colour, lilac). There are two versions Tor electric charges of quarks:

• • )

If colour-preons carry fractional charge - rr , ve recover ^he fractionally

charged quark ncdel.
"5

(A) Fractional-charge quarks

Hote

(B)

2
3

1
3
1

"3
2
3

\ Q2 - 10/3 in this
quarks

Integer-charge quarks

2

~T
l

"T
2
3

model

2
3
1

1
3
2
3

•? 5- 5- o

rr -1

T T T 0

T -X = 0

-1

-1

~ -ir = 0

0 T -1

-1

Here the charge operator is the sum of flavour charges + colour charges:

Q = flavour charge Q_ (which like model (A) has the eigenvalues

3 * 3 ' 3j'
+ colour charge Q which takes the values

e

Hote 6 in this model.

quarks

Uote also the important circumstance that red quarks carry the same net

charges (0, -1, -1, 0) as leptons, while blue and yellow quarks exhibit a

different sequence of charges (l, 0, 0, l).

Since fractional charge quarks appear to be excluded by experiment,

I shall be concerned mainly vith integer-charge quark model (E) and shall

try to show that the gauge theory based on these quarks ana leptons is a

—5"*



perfectly viable - and even an attractive - theory so far as any known

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

(1) Specifically we shall assume that such quarts exist and that they

are not too massiTC. Though we have no theoretical reasons whatever for th is ,

we shall suggest that m may he as low as 2 GeV. The grouping of quarts

and leptons within the same fermionlc multiplet will have the consequence

that, dynamically, quart-lepton transitions will be possible. And if ve

permit a spontaneous violation of baryon-number B (and leptou-number L)

such, that fermion-number F (= B + L) Is not violated (AF = 0), a quark will

decay into a iepton{+ mesons ). This possible instability of quarks against

decays Into leptons,, is the resolution of the integer-charge quart:

dilemma, if any.

(2) I shall 3how" that spontaneous symmetry "breaking, as implemented in

the moiel, leads to the result that yellow and blue quarks

decay predominantly into neutrinos + . aesons hut not electrons + mesons.

This restriction does not hold for red quarks. I t is conceivable (provided

m J£ 2 GeV and provided certain other conditions (see Sec.VI) are satisfied)

that SLAC (ye) events are due to production and subsequent decays of red

quark-anti-quark pail's in e + e annihilation.

(3) A crucial consequence of strong"gauging of integer-charge quarks

is the existence of a gauge 1~ colour-gluon octet G(8) with masses of gluons

poaaibly as low as 1.5 GeV (though a more likely mass value may be s: It GeV) .

At least one neutral member of this octet must "be produced in e+ + s~ annihilation.

(k) Although this neutral member of G(8) mixes with the photon (vhich

therefore contains colour pieces), we show that the gauge character of the theory

implies that the colour part of quark electric charge does not shine forth .too

brightly in electr op reduction experiments . Thus sum rules "based or. SLAC and FHAL

eleetropra&uetlon structure functions at present accuracy do not distinguish

between fractional and integer quark charge models. This suppression of

colour In • lepto-produetion experiments is not operative for colour

production through N-N collisions where colour ought to manifest itself

strongly.

-6-

IV. SUT(2] x SU (2) * SU {h\ GAUGE TrSOUF ASF THE POGKA CF C0J.7TNEMEJJT

Following standard pract ice ,ve gauge flavour charges for weak and.

electromagnetic in te rac t ions , the gauge group being SU.(2) * SU(2) (of

which the standard weak and electromagnetic SU (2) * U ( l ) i s a subgroup).

ihe coupling parameters are g, and g^ with r— = r—c a . Apart from

the l e f t - r i g h t symmetry of SUT(2) with SU,,(2j, so far as the gauge i n t e r -im ti
action is concerned, there is nothing particularly special about the gauges.

We do not consider these further but turn to the more interesting gmig-ing

of the colour symmetry SU (k).

There are fifteen 1 colour gauge fields; consisting of an SU (3.)

octet G(8), an SUc(3) singlet S° plus the SUc(3) tr iplet S°, X" , x"'

(together with i ts heraitian conjugate). G(8) couples quarks with quarks

and mediates stron

exotics X°, X~, X

^uark-quark forces (coupling parameter ' P tg jj- -^1). The

, X couple red, yellov and blue quarks, respectively, with

leptons, while the singlet S couples quarks with quarks plus leptons with

leptons. Since o_uark-lepton and lepton-lepton forces are weak at presently

attained energies, it is clear that the SU {h) syHmetry must

be broken spontaneously in such a manner that the exotic X's as well as S

are very massive.

To give masses to all the g&uge fields (W^ , W R , G(8), X°, X", 2~',

S ) except the photon - as well as to respect flavour and colour SU(3)'s -

we appear to need three Higgs-Kilible {k x h) multiplets, A, B and C , in the

integer-quark-charge model, which give rise to the following sets of masses:

0(9)

Mass

1.5- 6 &e?

50 - 100 GeV

> 300 GeV

(>10 GeV in the model)

% 10 GeV - 10 5 GeV

« 101* GeV - 105 GeV

Input

strong q-q force

strength of (V-A) weak forces

strength of V+A weak forces

strength of I = 0 weak forces

YL •* V + e branching ratio <. 10"

Notice the send-empirieal hierarchy 1 : 9~ •• a~ between G(8) : V- ; and

masses. We do not know any deep reason for t h i s .

^ Since th i s i s an interim gauge theory end we are gauging only a subgroup of the

"f ina l " simple symmetT-y group of chargeE(SU(3) or SU{9)) , we do r.ot ins i s t on
P P

-he effect ive coupling parameters f /If end g ATT to be efiual.



The aass matrix for the ga-uge ui=sons will indtjr-e the following threa types

of mixings, with nixing parameters completely fixed in terms of the input

masses already introduced above.

\2 .

t '
A s w e shall see,this will be

relevant to dimuon rate in (v,v) + K experiments.

(2) wf*-»X* mixing. This mixing and its magnitude will be relevant
Li

for quark decays into leptons (and also proton decays into leptons).

(3) W , S° and U » G + — mixing to give the (.massless) photon,

Y3"
which has the composition

So much for the integer-quark-charge model.

At this point one should make a comparison with the colour gauge

structure in the fractional Quark-charge model. So far as gauging of

flavour charges and the need for a. spontaneous syrmetry "breaking mechar.isn

to provide masses for Wr and WZ weak mesons is concerned, both models

agree. When i t comes to colour symmetry, the development of the fractional

charge model has followed a totally different path. The protagonists of

this model - and this includes the vast majority of the theoretical

community - impressed hy the non-existence of colour-carrying fractional

charge quarks , have sought to resolve the quark dilerjifi by postulating

the Dogma of Colour Confinement. The Dogma states that strong tjuark

dynamics - chromodynaii.ics (QCD) of the colour group Su,(3) - is such that

only colour singlets can exist as physical entit ies. All other colour

states - and this includes quarks as well as G(8) cslcur cluons - are

exactly and inexorably confined.

Some physicists have suggested that colour confinement is analogous to

"confinement" of magnetic charge in Maxirel 1 -Faraciay electrodynamics. This is

incorrect. Unlike colour charge, non-zero magnetic charge is never introduced

as a source in field equations of conventional electrodynamics. The remarkable

result of QEP field equations - the understanding cf magnetic dipcle phenomena

in terms of moving electric charges - would have ar. aiialosy in cole-jr dynamics

(quantum chromodynamics, ftCD) if one couli explain all colour phenomena ic

terms of flavour charges anfl never have to introduce ::on-;ero cclcur charges.

_8_ =="ix../

The great merit of the Exact Confinement Dogma is, the end

i t would make to the elementarity concept; perfectly confined quarks are

Invisible; one would not have to worry about any FBE-WAEKS. Elementary '

Particle Physics would therefore ena with quarks so far as hadronic matter is

concerned. For leptons.since ve are prestEMifcly dealing with visible elementary

entities (neutrinos, electrons), the end of the chain is sharply different and
perhaps more standard.

How, three types of attemptshave been made to ensure colour

confinement.

(1 ) Gravitational confinement

There is no question but that with suitable boundary conditions and

with suitable conditions of matter density obtaining, classical spin-2

Einstein tensor fields do confine. Thus hadrons could be viewed as f-gravity

black holes if ve postulate that f mesons satisfy Einstein's field equations

(in the zero mass limit,and provided such a, limit ie soft). The MIT confining

hags may perhaps he viewect as scalar-gravity bags (with a cosmological term).

Apart from Hawking's recent results concerning instability of small black holes

(black holes of mass *. 10" gms are unstable for f gravity) the major

difficulty with this type of confinement is that i t is all-embracing and too

non-selective; both colour and flavour are likely to be confined.

(2) guark confinement as a critical

Wilson and,following him.Susskind, Kogut and others have attempted

to confine colour in a lat t ice version of (non-Lorentz invariant} gauge

theories. The hope is that when the Bpace-time lattice constant goes to

zero and covariance Is restored, confinement will persist. Even if this

fine attempt succeeds, one's experience with critical phenomena is that

there are always external agencies capable of restoring the system to an

\mconfined phase. Thus, confinement through a critical mechanism is

likely to be partial and not exact.

What is exbitiously being attempted in confined versions of chromodynsfflics is

to introduce non-zero colour charges in the field equations but at the some

time ensure colour confinement through boundary conditions. This is very

different from the case of the Maxwell-Faraday electrodynamical theory vhere

all solutions of field equations exhibit non-appearance of magnetic charge -

and rhat sinply beca-ise no such charge is ever introduced into the field

equations .

-9-



(3) Infra—red slavery

The moat vldely held belief has been that exact confinement would

result frOE the highly singular infra-red behaviour of msS3les3 Yang-Kills

gluona in an exactly-conserving SU (3) gauge theory. In a fractionally

charged quark model, such gluons are electrically neutral and would remain

aassless i f SU (3) is an exact symmetry of nature, V This phenomenon lias

teen called Infra-red slavery. A second advantage of such an exa:tly

conserved SUc(3) could be the possibility of securing asymptotic freedom

for tile theory - i . e . the possibility that f f f A ' r decreases as energy

increases - Justifying the use of perturbation theory in strong interaction

physics.

Sow, ao far as asymptotic freedom is concerned, i t must be stressed

that exact colour symmetry is a sufficient condition for th is , but by no

means necessary. It is a commonly held - but a fallacious - belief that

massivaness of vector mesons and Higgs-Klbble 3C8lars always spoils asymptotic
h) 5)

freedom. The little-known work of Chang , Fradkiti and others has
conclusively shown that a spontaneously broken SUc(3) can also be asymptotically
free, provided the Higgs-Klbble fields belong to special classes of
representations and there are relations among their couplings (jiupersymmetric
theories provide examples, of thisL

Regarding infra-red slavery, an important result has recently been
provided by AppelquIst.Carazzane, Kluberg-Stern and Roth. These authors
analyse production of massive fermions by ail external current in a massless Yang-
Mills theory for infra-red singularities. They prove that to the lowest
non-trivial order there are no_ infra-red singularities when transition
probabilities are computed. They conjecture that their results hold to
all finite orders. There is,therefore,no special piling up of Yang-Mills
infra-red singularities, at least in the colour-emitting process they consider.

An objection has teen raised to the work of these authors : could
it be that if the perturbation series for an infra—red amplitude was summed
first (with an infra-red cut-off imposed) ana the cut-off removed after
summing the perturbation series, the infra-red singularities would pile up,
instead of cancelling out? And then if these singularities are taken
.seriously, transition amplitudes involving colour non-singlets may go to
zero (similar to the setting of z = 0 for the ultraviolet singular
caae). This of course these authors have not checked, for one does not
know how to sum reliably the perturbation series in a field theory. But
one must make one point strongly which results from the work of Appelquist
et al . Their result is that Yang-Mills theories behave in

•) Though Higga-KibMe acalars can be found, even in this model, which

could make the gluons massive.
-10-

exactly the sauce manner as electrodynamics so far as the Infra-red behfiViour
of the matrix ejamentE they consider i3 concerned. nothing is singular in
either theory up to a given order of computation and no matrix elements vanish.
To a simple-minded physicist the moral ie Llear; either both Yang-Mills and
elactrodynsmicE confine or both do got. All in a l l , i t seems no longer
plausible that the infra-red slavery hypothesis can be relied upon to produce
exact confinement. for al l physical processes involving colour.

But what about partial confinement T This Is the ftypotheais that
guarfcs and glucns - partons - while fairly masElve and thus hard to produce
as physical particles, behave SE if they were relatively light - and even
free - insiae colour-singlet hadrons. This hypothesis - also part of the theory
of the SLAC bag - I find perfectly plausible. The first person who recognized
partial confinement was Archimedes - relatively lighter and freer so long
as he remained Inside his bath; grosser &Ed heavier when he left i t . Perhaps
in his honour we should call partial confinement, the "Archimedes effect".
Clearly partial confinement does not require massless gluons G{8) DOT exact
SUe(3).

To conclude: If fractionally charged

quarks are not found empirically the other alternative - of integer-charge
quarks - is perfectly viable (as I shall show) and provides a complete
and (so far as present experiments are concerned) an unobjectionable model.
I t should be discarded only after experiments fail to shov (short-lived)
integer-charge quarks and not because we may harbour theoretical prejudices
based on a priori confinement ideas,vhich are yet far from definitive

I would go even further: Even if the most elegant possible theory could be
constructed to confine quarks, the question whether they are confined or not
Is Btill an open experimental question and can only be settled empirically.

"̂  If Archimedes was no denser than the " salt water
in his bath, and if Salt water of the Ionian aea were non-viscous, Archimedes
would have been as free as a parton swimming In the qaark-gluon aea inside
badrons. As emphasised by the proposers of the SLAC bag and by T.D. Lee,
partial confinement is accomplished most simply by a scalar field interacting
with partons and gluons and exhibiting a superfluid phase. I t would seem
that the origin of the peculiar parton dynamics (Archimedes effectl l ies as
much in scalar (or spin 2 tensor) meson exchanges as in spin 1 meson exchanges.

-11-



QUABK CTARGE AS REVEALED BY

If psrtoDS are (predominantly) quarks, there is one parton EUK rule

from lepto-production experiments, which is alleged to =how that quark, charges

must be flavour-charges and fractional. We vish to examine this sum rule and

shew that In a sauĵ e theory this particular 3um rule does not provide any

quantitative distinction between the fractional and integer-charge models.

But before ve do this let us consider colour ^luons.

5.1 Where are the colour gluonat

Aa stated in t i e previous sectt.cn, the photon in the integer-charge

nodel contains flavour as well as colour pieces; ignoring the Very

massive S particle, the photon's composition Is of the form:

r v?

Before ve discuss the role of the colour piece U in electroproduction,

we muat consider the actual production of the 1 U gluon in e + e~

annihilation experiments »t Frascati, DESY and SLAC. Which one, if any,

of the various J/ifi or other e + e~ structures represents the coloured

gluoa U°?

•To answer, consider the three possibilities for the J/il> objects

permitted in the type of gauge models we are considering and which contain

both charm and colour.

(1) Fractionally charged model

Charm excited but colour completely confined. Assuming the ratio

e * hadrons
equals Q (as in the naive parton model) ,

quarks
10/3 for fractional charges, contrary to the experimental value

* U + U

ve find E

'X. 5.5 for the region above U.5 GeV. But leaving aside this difficulty,

the popular explanation of a l l 1~ J/i(i particles as charm-anti-charm

composites encounters the well-known problem of explaining the narrowness

of sji and t|i' widths. The standard way to resolve this difficulty is

to rely on HAIR-FIN ALGEBRA embodied in the form of a theoretically some-

what nysterious Sweig suppression rule. As is well known, such a rule is

incompatible with unitarity. Even ignoring this , one finds that there really,

ire two rules: one, the Zweig rule which operates, for example, for <p

decay,and second, the smier-ZweiK rule, operative far J/<(i particles. The

•uper— Zwelg rule must find an extra suppression factor of 1/50 or so from

energy denominators, or a unitarity "correction" aver and above the nomal Sweig

rule. The charm-anti-charm model for 4J , TJJ ' is net altogether without i ts

difficulties.

{2) Second possibility

Colour excised cut not charm. This is the alternative tc;e

by Matthews, Feldmsn, Stech, Bars, Peccei and Tamaguchi and others. Here

Han-Ismou
charmless quarks

slightly nearer the empirical value than the first alternative. This model

predicts five coloured 1 qq. compODit.es ~ aad this in fact is at present the

number at J/\|J structures bexween 3>1 and 5 GeV.

This is nice. However, the problem of i|i, if>' width is still

acute. This is because, even though, all decays go via the virtual (or real)

photon and a factor a may be found from this Btechanism,a factor s -~ " -rrr

is still missing if we are to understand the narrow J and l|i's as colour

composites. In other words, the same suppression factor which for the

first alternative was needed to diminish Zveig to super-Zveig is needed

here beyond the factor a already in the model. Bow both (l) and (2) above

may be extreme views; there is a third possible alternative.

(3) The third alternative

BOTH CHAEM and COLOUR EXCITKD in the same energy region. Since

6 ,
all quarks

a naive identification of this with

e +_e •*• hadrons

would appear to accord better with the experimental value of H (see ..later,

this section,.fcr a more correct identification). This alternative would

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

*) Here 31)̂ (3) breaks into SU t̂e) * U ( l ) . This feature is possible to in-

corporate by a rather simple variant of Higgs-KTbtle scalars in the model of

this paper.



no new l i g h t on the dilemma of narrow J/<Ji and i})' -widths. However, i t

permits us to take the view tha t even i f cost of the SLAC s t ruc tures are chanu-

anti-charm composites, the coloured U gluon (a few MeV wide)

may l i e among the tangled se t of resonances around the I4.I GeV region. In

th i s section I shal l take t h i s view; l a t e r we shal l examine whether U° may

not in fact l i e in the Fraseat i region - between 1 and 2 GeV in mass.

vs.

colour N flavour

i . e .

5.2 Colour suppression theorem for lepto-production

We now turn to the parton model sun m]es for lepto-production.

Roy and Rajakesran and Pat i ana I independently proved the following theorerc

during the summer of l a s t year.

Theorem

On account of the ga-i;p;e nature of G(8), there is a damping factor

which (1) depresses colour contribution tc 3LAC arid F.NAI. e lec t ro-

production, a.s well as colour contribution to neutrino production, and (2)
OL

causes — (f 0) in electroproduction to scale in x.when G(8) vector gluon

contribution is taken into account. As a consequence of this suppression,

colour effects vill not show themselves in present electroproduction

experiments except, at most, at 15i» level.

Proof

The mechanism of colour suppression is very easy to comprehend.

It comes about basically because leptons are SU (3) singlets. Write

the gauge Lagrangian L. = g W J + f G[8) J . . where the photon is

1 / 1 , , 1 ,,0 1 1 1 £. ~ 1 ^ I 5 T T * T

- A , _ w * - u [ - = — + — ; f X ? ~ I o j and Vf lavour + J ll e p t o n S

VS. W

i . e . the propagators fg<WU/ v s ' e ^ '

as suiting that the dynamical factors <CM l J
Colourl c o l o u r /> a n d "CN \ J f T.aVour'f1 a v o u r '

are iden t ica l .

We vant to compare, in electroproduction.

m- tr •*-!>•• • # ' * •



3ow consider vhat the propa.prto»" factors <WJ^ and

Write tanfi • g/f « 1/10 . The two eigenstates for the W,U system are:

A. - cosSVT + stn6U ,

U • -sinSW + cosSU

Since A and tJ are eigenststes.,

<AA> - \

Hence

<uu>

Clearly the amplitude

e + H —» colour
e + 5 •

(H! J - I colour)
' colour1

fi. 1 l/l
*• { 3 ~ 2 _ 2 J / 2

Thus the colour amplitude ia asmpea by the factor

atively, therefore, i « 1S2(,3)

x dyuamicsl factor.

(for electroproduction g. <• 0), and there Is implied a colour threshold

factor helov which j ^ o l o u r E O . Before we consider quantitative estimates,

l e t us take note of one other (dynamical) source of colour damping. As

we al l know, ? . (q ? ,v) 'a scale, i .e . they are functions

-16-

of one variable x • , this aealtug, ao far as are
2 S

concerned, does not set in fuUy t i l l a empirically reaches the value 2mp

Ptot ot m w w t i Bn(q*}

Scaling ration

Scaling implies B (p.2) » B (») .

We shall assume that a, similar dynamical effect exists for the approach

to scaling so far as F^° o u r is concerned, except that q. vould have to reach

the characteristic colour mass 2IL Crather than characteristic flavour

mass 2m ) before full scaling is operative This Gun-understood) dynanlcal

effect empirically provides another suppression source for colour (and

flavour in the appropriate region of q ). Thus, fiually.we expect

colour
flavour

aynansical approach factor to scaling as •

for -2«?

2 Z
1 when q , M > 2m, and > colour

threshold.

The two regions for q. essentially span 5IAC and rHAL kinematic regions.

Substituting numbers, i t is eaBy to verify that with m.
1 1

suppression factors for colour are ~ jg- - r=- for both SIA

colour/flavour contribution never exceeds 10-15? at most.

-17-



5-3 Colour suppression for neutrino-production

The same damping factor can be shown to be operative for colour

sproduction by neutrinos. As stated earl ier the charged gj.ucns G~ and

mix vith \r „ the mixing terms being given by sin(9+i)>) — g/f

and cos(8+<0 J^J g/f f e ana 0 a r e fn .A) and ( p , c ) m i x i n g a n g l e s

respectively (^Ca^ t o = 9 - <t)j. The neutrino production of colour then goes

through the diagram

colour

W

- flavour

This must be compared v i t h the flavour producing diagram and once again

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

5-1) The quark charge sun: rule

We nov turn to the cum rule (proposed by I" evellyn---£iith arid

others) which is supposed to provide evidence for f rac t ional quark charges.

Consider

r dx =

Neglecting gluon con t r i t u t i cn from the- parto;; mod^l, *.hj,5 equals

For the fractional-charge- andel, the rifht-hand side equals 5/lS - 0.S6. For t>

integer-eharee model, vi thout any suppression factor for colour, the rig.-.t-r.an-

side equals 1/2 . With colour suppression, as discussed above, the r i g h t -

band s ide should read:

vhere e - g- - — . Thus,vith this suppression, the expectation from

the integer-charge quark n-odel is 0.23 + 0.03 . tte experimental evaluation

=f the left-hand side simply cannot distinguish between the tvo cases.

Experiment

1/2

5/18 f-f
J *.
100

The- gluon contribution structure functions

The gauge character of G(8) gluons has an important bearing on the

gluon contribution to the structure functions. Bell, Llewellyn-Smith and

ethers have shown that in a gauge theory the behaviour of high energy,

high momentum transfer form-factors for epin-one gluons is similar to the

behaviour for spin-^ partons (as i t should be in the context of a

renormalisable field theory). This is very different from the situation

for ncn-gauge massive spin-one par t ic les , for example, if G(3) vere not

gauge part icles, ^heir contribution (as partons) would give a q.S/mZ non-
2 r 2̂ ,2

scaling power violation to BJorken behaviour for F and ^ _ , and 3—

The extra factor

to both F, and F when

helps in restoring scaling behaviour

More specifically^

-above eclour threshold
= F.

,belov colour threshold

while

-19-



- flavour f1 luw

where "!;;) is the gluon form factor. The experimental quantity which

m a n i f e s t s t h e e f fec t , of G(x) most c i & a r l y i s t h e r a t i o

0, F - . 2 x _ Y | x G{x)

2A F,

Thus — f 0 asymptotically and it scales. (Apparently there are recent

experimental indications that indeed — does show this behaviour.)

T

Note that G(x) contributes asymptotically to ^ and

d£d Mt£
^ J J - a tern — (l-y) j O ( i ) . This linearly dependent (1 - }')

contribution may be relevant for high y, lov r, anomaly.

It is worth remarking that the factor — — acts, not as

q - mlT

2
damping, but as an enhancing factor for t ide-like momenta q > 0 in the

2 2 + -
region g <1 2m . This is the situation for e + c -» hadrons. We t::us

e + e + hadrons , , , . . . . . i .
expect R = to shov a co.nplicatea behaviour vith an

->• V+ + U~

enhancement followed by a damping, sti-addlinu the reci'-r. v2" li, • In aji

there is the expected gluon contribution; so that altogether

K = R
flavour

2 2

olour

I In
B

, ? 3/2

2 2
Xe-.e also that for q = Em̂

K = B_, + H , (quarfcs) = 6
flavour colour

J'cr g2 •* M (tarring effects of anoaalous dimensions in the propagators

for photons and gluons), R ̂ R f l a v D u r
 + |" • v h e r e f l s t h e asymptotic

glucn contritiution,

To summarize, an important consequence of gauge aspects of coloured

vector gluons is the theorem that in lepto-product!on colour does not

shine too 'brightly asymptotically but is not invisible - shoving i t se l f

most clearly through the gluons.

VI. GLUOIl AHD QUAKK DECAYS

6.1 Free aluon decays

The mixing of Op , G1, vith H* induces decays of free charged

gluons:

But net

ev , yv •
TTlt, <K, 3TT ,

TTTrev K K e v ,

evrr, <e\)

The semi-leptonic decaj's with one pion, one kaon and ojss r| wi l l not

occur (except in a higher order) Eince G(B)'s are flavour s ing le ts . This

contras ts with flavoured objects l ike D, F p a r t i c l e decays where such decays

may be more l i k e l y . One can estimate that G •* -——- K T^- - ~ -

G _ leptonic -a 15 - 20^ i f m0 >, 3 GeV

and

T(Gp) « 2 >t 10"

* 5 i( 10'

* I D " 1 6

-16

B £0 - 25? i f mG « 1.5

mjjRf 1.5 GeV

mG « 3 GeV

m . K l i . l GeV

GeV



6.2 Dimuoag

G-tf miring diagrams v l l l give r i se to dimuons:

Notice that there is QO sin & factor, though there is the kinematic d'raping

factor mentioned earl ier in Sec.V. The net effect is that dimuon rate is

of the same order of magnitude as the rate from -harm production - vhich of

oourse i s ' additionally present in the model. Once again we stress that for

production and decays of charged G's i t i s KS pairs (and not single K's) vhich

are likely to accompany dimuons.

6.3 Quart decays

— — — —-'

W -X and W -X mixing is the mechanism responsible for quark-

lepton transitions with AF = 0 , AB = -AL . (An important characteristic

of this model is that there is na direct X -W mixing.)

Yellow and blue quarks

The baaic diagram for decays of yellow ana blue q'jarks is as shown.

The important ps:r:t is thtn, ibis iiagra

effective Lagrangian;

is finite. rise t- -ir.

It is possible to arrange the Hi£gE-iCibble potential so that c, = 0 in

the tree approximation. In this case, for the basic model, the quarks, or
0

rather the lightest among the quarks in stable. Assume this is p^ . Thee
other quarks decsy as follows:

4 +

+ ( v i r t u a l o r r e a l ) G •+ ev,TTf7

" t u a l ) W •+• ev*,TT7T , e t c .

etc.

0There is, then, the unattr&ctive possibility of a quantity of p" matter

being present in the Universe.

Now even though the potential may be arranged such that e, = 0

for the minimum in the tree approximation, this may not be a stable situation

when radiative corrections are taken into account. To complete the list of

possibilities, it is even conceivable that Q ) such radiative corrections,

or (2) spontaneous symmetry breaking in a parity-conserving supersymmetric

theory (i-here some of the multiplets must contain F = 2 scalars for the

sake of parity conservation (Eee AbduF Salam and J. atrathdee, fiucl. Pays,

B°-T.. 293 (1975)) or (3) spontaneous symmetry breaking in theories where

fundamental fermionic multiplets contain both particles and antiparticles ,

may induce | AT" | = f AE =2, AL = 0 transitions (e.g. J.C. Pati, Abdus

Salam and J. Strathdee, Maovo Cimento 26_, 12 (1975)). Thus

q •* nucleon 171 ~ .1 could also be a theoretically possible transition

to resolve the quark dilemma as suggested by Hambn (for a discussion see

J.C. Pati, S. Sakaltihara and Abdiis Salam, Trieste preprint, in preparation).



The factor in the bracket i s Of order *ICT a with the mass of X adjusted

from K —t e * JJL r a t e .

We now show that the predominant itcuy cf yellow and blue quarks*) l s

Into neutrinos (ana not electrons) + mesons. To see thi3, consider the
relevant decay diagrams {for example for ix,) in det6.il

12
V

r
C2>

w"

(3)

All three diagrams are finite, but vhile the firBt is inversely proportional

to the sqoflxe of one large sass, the other two are inversely proportional

to a product of (squares of) two large maaaes. (The pion is a composite

particle in our model with e> font factor »e 1/q .) Thus the first diagram

dominates over the other two. She eipected decays of yellow and blue quarks

are:

iu _ -* v + pions, v + K + pions,
i tD e u

+ pions, v + K + pions ,

V + T), V + K° + pions,

+ IT

* M + D

•) In al l these celculatiocs, possible oontriTsutions from (intermediate) Higgs-
Kibble particles have teen neglected and only decays In-volvijig gauge nesaas have
been included. These Higgs-Kibble eontributidns are model dependent. Their
induaion affects the ratios of leptonic decay rates versus semileptonic decays
of quar&s. SOUK simple models will be considered elsevliere.

that D and f aesoas are Iig1rt«r that C, T>). Sot« the
selection rule Huong the decays Cnuoa is atresge and V elmroed).

B ~ S GeV, ve obtain
1

F o r

-11 -12
>-10 to 10 sece.

To suamarlae. for yellov and blue quarko, firstly the purely leptonic
node i s tnmpreaaed conmared Tith aeal-leutonlcana secondly yellow apd
blue quarks decay predominantly into neutrinos + ffieaons and not electrons
(DT Ttnir\nv.)

Bed qaarfc

Tie decay of the red quark proceeds differently from that of the
yellov and blue quarks in the simplest basic model ve have constructed and
where weak interactions proceed only through SU(2) * Stl(S) interaction.

Since the model does not permit direct X - W? mi ring, the decay
urust proceed indirectly. There are two broad cases:

(1) a q > aG

The red quark mass exceeds the na.es of the vector gluon. In this
case, red quarks decay predominantly into aeutrinoB + gluons + mesons with
lifetimes comparable to yellow and blue quark decays, e.g.

0 +
n •* G + T + v
*red p e

or n° +Y Cif i£ 1* lighter than p .)
t red

"red

(2)

This is the more interesting case, in the sense that here charged

red quarks may have long lives . " « 10 sees. This Is because n^ and

A^ can decay only by utilising both ff~*-*lT and G * « l " mixings; e.g.

> ;

Also tna jmrelqr leytonic deeiiys, axe
As remarked above, i f the weak interaction gauge group is larger than SU(2) *
5U!S) (ior example SpCt) x Sp(lt)),the distinction betiwen yellow and blae vs.
red quarks, oo far as lifetine estimates are concerned, disappears, though the
peculiar characteristic of only red quarks decaying into electron* or BBi&n* ^
+ mesons remains.

•3 If instead e is strange and
reversed.

charmed, the role of u and * i«

—25-



Proton lifetime*

With al l quarks decaying into leptons + mesons with lifetimes
-8 -12

ranging between 10 - 10 sees., there is the cuestion regarding

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

The proton's decay is a Am = 3 transition, so that an effective

(dimer.sionless) coupling parameter alO for quark decays translates into

a parameter ;;10 " for proton decays. In spite of the sisallneEE of this

parameter, we find that the proton does live S5iO" years, though the para-

meters of the model are stretched tc their limit.

Empirically, the first estimate of a lover limit for the proton l i fe -

time was made by Goldhaber, who estimating the amount of radioactivity

released "by proton decay from the human frame during a l i fe span of three

score yeeirs and ten - and from an estimate of deleterious effects of this

radioactivity on the human frame -- estimated that protons must live longer than

10 years. Subsequent attempts at lifetime determination are listed in

the following table.

Experiment

Goldhater

Tieines, Cowan ana
Goldhaber (I95'i)

Krupp and Reines
(1961.)

Gurr, Krupp and
Keines (1967)

Reines and Crouch
U9T1O

Fiorini et al .

(1971*)

lower limit to proton l ife method

Spontaneous fission of Th.232x 1018 years

> 10*" vear

>10 years

2
10

>2 x 10"

years

years

> 10 years

Toulene detector 30 m below
ground

detector 5^5 21 "below ground

detector 3200 IT. below ground

p •+ i- (5 events) re-analysis
of 1967 experiment

Mont, Blanc tunnel experiments

It is worth remarking that Trine. AF = 0 and charge conservation,

the proton positive muon iu ) transit ion can occur only if the r-inisium number

of decay products is four or five:
4- +

F •* 3v + IT , Uv -i- u

Thus the ir.uon is l i ke ly to carry away only a Email fraction of the proton 's

r e s t energy. This has important implications for the design of an experiment

for detect ing muons froa proton decay - the muons s re l ike ly to be slov muons.

In the design of the Gurr-Krupp-Heines experiment of 1967 (which gave a

signal of five muons possibly ascr ibable to protons decaying) the expectation

was tha t the predominant decay mode of the proton may be

so tha t unions would be f a s t . This p a r t i c u l a r decay mode v i t h |A?| = h i s

highly forbidden in our model.

VII. SLAC e + e -*• V~ + e EVBHTS AS POSSIBLE DECAYS OF RED QUAEKS AHD

AMTI-QUJffiKS

I t i s conceivable that red quark (pairs) have already been created

at SLAC and the u + e events are s ignals of t h e i r decays. Below ve present

a hypothetical scenario for t h i s , which v i l l hold provided the masses of

p a r t i c l e s concerned (gluons and quarks) sa t i s fy the sequence m(G) < ni(q .)

< 2 GeV.

F i r s t , remark that If SPEAR aoes indeed see three-body lep tonic

decays of a parent(and an t i -paren t ) produced in e + e"~ , t h i s parent cannot

be a quark - since purely lep tonic decays of quarks, in our model, have too

low an absolute p robab i l i ty . (The parent being detected cannot be a blue

or yellow quark even i f the decay i s two-body, since blue and yellow quarks

decay predominantly in to neutrinos + mesons. Thus EPEAE may be producing

blue and yellow quark p a i r s , but they are simply fuel l ing the energy c r i B i s ,

insofar as their decays give rise to invisible neutrino energy.)

We suggest that the ue events are products of a double chain, where

vith

q̂  -> G" + V (lifetime 10"11 - 10~12 sees.)

followed by

G~ •» e~ + V or p + v (lifetime 0 sees.).

For this explanation tc hold,

(1) m(G) < m t q ^ U 2 GeV;

-27 -



(2) As stated earlier, for such a low mass gluon G , the leptonic

branching ratio «20-25$. For the production ratio (notwithstanding any

colour suppression) for e + e producing rr jc and JC X" -. ve estimate

Thus the (ue) rate

* P

~ 2pt .

Here p i s tijs unknown factor est imating quark-anti-quark recombination

r a t i o (pr ior t.c. r e a l decays in to gluons + neutrinos.With p g j w e obtain

the sort of est imate SLAC make for fte r a t e s .

If t h i s indeed is the explanation of these events and SLAC is

producing qq" p a i r s , there are some pecu l ia r c h a r a c t e r i s t i c s which must be

emphasised*.

(1) )3a l qq" pa i r s give f inal s t a t e haarons displaying n j e t

s t r u c t u r e . I f partons are inv i s ib le quarks and must reeomMne to produce

normal hadrons, i t i s d i f f i c u l t to understand the persis tence of j e t s t ructure

after the recombination process has taken place.

(2) AB enphasised before,yellow and blue quarks decay in to neutrinos _

one more reason for the energy c r i s i s .

(3) In addit ion t o n l .X, quark production, there i s the

probab i l i ty ( in fac t , four times l a r g e r , s i n c e R
0 Q

C

(2/3) = *t/9) of

— P S E
neutral-pair (p_,p_) and (c c ) production in e+ + e" events. These

(red) quarks may decay with on of monochromatic y-rays ,

i

I—»v + mes

i f

( a l t e r n a t i v e l y , p° •* G" + TT+ + v ) .

-26-

If m(G) I ̂ %.se) ^ 2 Ge7, the above explanation for (ye) events
cannot hold. *"e must then ascribe SLAC events to three-body decays of.

heavy leptons, or (the less likely Taut not excluded} tvo-toay decays of
charmed or coloured mesons, Between heavy leptons and quarks there are the
following crucial differences:

(1) Quarks mostly decay semileptonically, heavy leptons presumably mostly

through purely leptonic modes.

(2) Production rate and scattering characteristics off matter for

strongly interacting quarlcs are different than for heavy leptons.

(3) neutral quarks carry the "hidden" flavour charge for
2

asymptotic q . Thus for

+ - 0 Be + e - P + P

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

copiously in e + e annihilation.

We turn finally to the question • can gluon mass be as light as 2 GeV

or less? Pati, Sucher and Woo (unpublished) have estimated the branching

ratios for a possible gluon of -iss as low as 1.5 GeV produced in e + e

annihilation in the Fi-ascati region 1-2 GeV. They estimate

e + e~ 1 keV

•* y + y

•* tnrr , n ' l

•• 37T , 5 t t ,

•* 2 1 T , 14TT

and a photoproduction ratio

1 keV

1 MeV

~ i t " 1 MeV

cm
c + x 10~3

Apparently, at Frascati, a sweeping search for 1-2 MeV narrow resonances
(1-2 MeV width) has not so far been conducted for the whole range of energies,
I understand i t is nov in progress.

-29-



Ooe final point; for 8 gluon as lov in mass as 1 Gey, the effect on

(g-2) is estinated as * p d r j-^-i « 10
v W J 12ir l V

Q

Sinee on present evidence | QED-experiment | ^ 3 x 10 , one cannot exclude

the ex is tence of such p a r t i c l e s from present (g-2) measurements.

We have presented t h i s scenario for SLAC ye even t s , assuming a l l

masses involved are working in. our favour, simply t o emphasise tha t in teger

charge quarks - decaying semileptonical ly - are not excluded by any experiment

yet performed. I f gluon and quark masses exceed 2 GeV, SLAC i s obviouEly not

producing quarks in t h i s experiment y e t .

VII I . SUMMARY AND OUTLOOK

To summarize:

("l) Ia teger -aharge quarks decaying i n t o leptons -* mesons may e x i s t ,

inhere i3 no quark dilemma for such unstable p a r t i c l e s , which may already be

produced in p-p c o l l i s i o n s .

(2) Lepto-producticn sum ru le s do not favour f rac t iona l charge-

quark models over in teger-charge quarks. In lepto-product ion colour i s

not a v e r t r l g h t , but should be seen through gluons. There i s no

suppression of colour In H-H experiments.

(3) In teger-charge yellow and blue quarks predominantly decay in tc

neut r inos + mesons with l i f e t i m e s (810 - 10~ " sees , and are perhaps u n i n t e r e s t -

ing. Red quarks may be more i n t e r e s t i n g in the following sense: i f vector gluons

with masses lower than red quarks e x i s t , and i f m(q ^) < 2 GeV, the

production and decays of red quark-ant i -quark p a i r s may provide a poss ib le

explanat ion of SLAC (u.e) events . I f such (low mass) gluons ( l i g h t e r than
A

quarks) do not e x i s t red quarks may have long l i v e s ~10 sees .

These p red ic t ions are based on the basic model suggested in 19T3.

This sode l assumes t h a t ( l ) there are no heavy quarks or heavy l en tous ,

(2) e l ec t rons and muons carry the same colour (L, = L + L ) f3) the
leptor e u

weak' i n t e r ac t i ons are SU (2) x SU (2) and not more complex (e .g . op (It) x Sp (U)),

(h) the predictions- may depend also on the s t ruc tu re of the Higgs-K-Lbble

p a r t i c l e s . The heavy leptons - i f found - can without d i f f i c u l t y be accom-

modated in to the model as one fa r the r basic fei-nionic mu l t i p l e t . However,

the d e t a i l s of p red ic t ions regarding quark decays wi l l a l t e r t o the extent t h a t
- 3 0 -

red quarks Hill in all ciit.es uecoJce a.= ahort-liyed as yellow and blue quarts.

At the present time the only experiment which, appears to ta l l for the existence

of heavy leptons is the SLAC pt experiment '.and none which calls for heavy

quarks}. I? ELAC events find an explanation in terms of red quark-anti-quark

decays as discussed i.n the previous section, there would be no need to intro-

duce eny heavy particles arid one aay get by with the rather elegant b&sic

aodel.

Undoubtedly the Gell-Marm-Sveig quark concept (as one more stage in the

erchitecture of matter) vas the most inportant concept invented in recent tines.

If quarks dc exist as physical particles, does this mean that we must

expect, at the next energy range, the existence of PEEQUARKS (PREOHS) and then

perhaps the pre-pre-quarks and so on? Does the chain end somewhere, as i t

appears to do for leptons (with neutrinos and electrons)?

Nty feeling is th&t questions like this are net veil posed in terms of

"elementary" constituents of matter or "elementary" fields - such questions are

better posed in terms of "elementary charges". Our basic concern can be:

how many elementary charges are there? Is there an end to the succession SU(2),

SU(3), SUl1*) - or even, are we looking at these charges in the right way? I do

not think, to this issue, the precise complexion of elementary enti t ies, appear-

ing as physical particles, has much direct relevance, though some choices may

be more distinguished than others. (This much one may concede to the bootstrap

philosophy of the last decade.] But having said that, and being guided by the

observations (l) that "elementary leptons" - well described by local elementary

fields - ao appear to exist, and (2) that there should be no absolute distinction

between leptons and hadrons as representations of the charge algebra, I tend

to believe that the hadronic chain ends in the same manner as the leptoaic,

i .e . with some sort of visible *) quarks or PEEONS.

There appear to be at present two or three different ways of under-

standing the nature of charge.

*) The convinced confiner can turn the argument the other way round and posit,

that perhaps there exist pre-leptons which are on par with quarks ani also con-

fined. This is a logical possibility. On the basic level, our criticism is

directed to the theories vhich postulate two distinct ends of the chain - one
practical level,

for hadrons and quite a different one for leptons. On the/the main thrust of tbis note

is that - with the case we have aiade out for integer-charge visible quarts -

it is experiment alone that is the final arbiter of what stage in the architec-

ture of matter ve have reached at present energies.
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(A) The hnmKLe suggestion - vbich one must not lose sight of - exemplified

"by the hydrogen at im'sO(M which seeks the or ig in of conserved quant i t ies

in the dynamical accidents of p a r t i c u l a r Lagrangisms, vhen solut ions with

special boundary conditions are sought. The present preoccupation with the

BO-cellea topological quant™ numbers is a par t of the same mode of thinking.

From t h i e point of view,there nay be no f ina l i t y to the symmetry group chain;

possibly the hiFher we go in the scale of energies , the more quantum numbers

ve may discover. This i s in accord with, the ideas of Wheeler on me topological

nature of e l ec t r i c charge, i

(E) The Einstein path. Einstein found a deeper significance for gravi ta -

t iona l charge in terms of space-time concepts. Einstein himself unfortunately

never s t ressed charge; h is preoccupation vas always with the grav i ta t iona l f ie ld

and, in l a t e r l i f e , with the electromagnetic f ie ld . Klein-Kaluza t r i e d to ex-

tend E ins te in ' s ideas, concentrating more on the charge concept. They pos-

tulated a f i f th dimension - something very snai l KlO cms, so that we cannot

direct ly apprehend i t - to understand e l ec t r i c charge. In the s p i r i t of

Klein-Kaluza, the dual modellists (Schwarz, Cremmer, Eherek, e t c . ) suggest

t a i i n g t he i r C4+)£ dimensions ser iously; prooosing for example that

the extra 0(6) they need for consistency of dual models i s isomorphic to

SU(li). Preund ,on the other hand,has suggested tha t there are extra

dimensions t u t they are "fermionic", in the manner of the dimensions i n t r o -

duced into Wess-Zuraino's super-symmetry by Strathdee and myself. The

advantage of having extra dimensions as fermionic degrees of freedom l i e s

in that the observabil i ty problems are less severe (or non-existent) for these .

Natb and Arnovitt nave claimed that in terna l symmetry groups (u(l) or

U(2) or U{3) e t c . ) carr ied by these fermionie dimensions are uniquely determined

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

euperspaces under discussion.

(C) Instead of introducing extra dimensions, one may rely on extended

number-alpebras to specify na tu re ' s preference for some symmetry group over

o thers . Deepest work in t h i s direction has come from Giirsey who has shown

that i f octonian algebra i s assumed to "be the hallmark of p a r t i c l e physics,

then exceptional Lie groups G , E,., E , Eg would play a decisive ro l e . As

emphasised by Cell-Mann, the important remark i s these groups a l l contain S'J(3)

or EU(3) * SU(3) or SU(6) as subgroups, so that somehow SU(3) - tut not SU(4) -
structures acquire a deep and basic significance.

Perhaps none of these remarks is deep enough yet. But i t is through the

appreciation that the charge concept is what underlies particle physics, that

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

-32-

REFERENCES

1) J .C. Pati and Abdus Salem, Fhys. Rev, Dg,, 12ltO (1973); Phys. Rev.

Letters ^ , 66l (1973); Phys. Rev. m o , £75 (1974).

2) J.C, Pati, Ataus Salam and J. Strattiaee, Phys. Letters 5JB, 3i 265
[1975). The PKEOU idea has been suggested fey several authors, e.g.

V. Greenberg, W. Krolikovski and C.H. Woo. For references see

W. Greenberg, University- of Maryland Technical Report 76-012.

3) J.C. Pati and Abdus Salam, ICTP, Trieste, preprint IC/75/95t to appear

in Phys. Eev. Letters; University of Maryland Technical Report 76-061;

P. Roy and G. Bajakesran, Pr&mana, Vol.5, No.6, 303 (1975).

k) K.P. Chang, Phys. Rev. BOO., 2706 (1974).

5) E.S. Fradkin and K. KalasbniXov, Phys. Letters £9J3.. 159 (1975).

6) J.C. Pati, Abdus Salam and E. Eakakibara, University of Maryland

Technical Report 76-084.

7) R. Arnowitt and P. Hath, Phys. Letters £6g_, 177 (1975)|

P.G.O. Freund, Fermi Institute preprint EFI 75/51.

8) F. Gursey, Proceedings of the Kyoto Conference on Mathematical

Problems, Kyoto, Japan (1975).

-33-



CURRENT 1CTP PREPRINTS AND INTERNAL REPORTS

1C/15/S6 A.O SAKKERand T- ISLAM: Sslaiivistic iuj inenied IC/7S/U-S B.B. SUPRAPTO and P.N. SliTCHEH: IK trapping '

plane "*ave meihod, conduction by magnetically frozen eli icuom.

S-K. SHARMA: Oil ihe macroscopic descripnon of IC/75/ l lb ' ' J TAK5KT: Paili integrals.
t!ie YRAST stains in even-even 20-11 shell Eiuciei- l^T.Rf.P. tiriMiiiis; n ia their^ncai questi

sv<ten:i and

S-K.SriAR.MA: Shape !i";ixi!ig i:i even-even 2p-li !C/"iu/lT.. C. AK.AGONE: (."ravhv in ll.c rjy j a u j ^ .

Il.NTrRKP, ilicil nuclei: An illustration in ^ l - t .

lC/"'b/M C- ARAGONt, R. GAjVii.JNl anJ A. RLST1X CIA:
Null eu-ordinaie gravidynauiics and lixtr- ipin

iC/",rE./i';. J-C 1'All aiid AiiLIUS SALAW Wl,_. ,:.-.lo.ii liiili 1.3

b u y t i ^ n sui e lec i iopruauci ju l i and iu:^irinc> i c a t l c n u ^

tKpc n in t l l t s

K. /T5. -tci i . Z . KOSTAD1N0V: t^i itie t k e t r o m e jptcirL.u. of

o rde i td ovt i ; laytrs of m t i a l surfaces.

[Cj ibj '^i A. i!SMAN: S h o n - r a n ^ e iHineJauuns with pai'.ndo-

po tKiuu l i - V.

l - . /TLi /W' P-N. BiXJDLLIBdv: A con , l imi t on t i l t poss iMi iy

IN i rd!f-, i;t :]ie new Tntson reiona:K:c^ (,i. 1; and (4 J j nei-i^

]:./;'..,.•:<• i A.K HASSAN: EfI tct of a :i,ag!iCIie l ie lu an llie

p' lorun-assisiert twu-uhoiai i abinrpl ion nj SL'JIII-

eai iduclors .

l C n j / I t - O ' - K . TtN'NAKONE and RAMIILi KMAN: .Ni-ijtral

IK1 .Hi P. currtnrs and (.KO's.

11, ,71/lul i - P C" 111A • A model fur KL-^ixuii-Pi.iikMaiirr'iil-iiii

h./'ii./^i^ A UiMAN: Short-ran^c corrul^itiui^ wills psoudi

I S T P J - J ' . poiLiuidli - V!.

K.^ii/KKi K.H. WC-JCIFCMOWSKI: Electronic pn>purtit:i uf
alkali subiu*nioki\\rs an a iijetui substratr.

U . C . KHAN: M a g n e t i c I'unu f ac i a l of h " e " i,,

I Ni

JC/Vi/iui^ H. AKCAY: lnluuie mmikJ ul vcctDr in^^uni WIIIJ
1N7 . Kt'l3. fiiuie Willis ^nd ihu nu-jJcuii tiltcirumj^]^-iic

lor in factors.

K.'/7t>/Juil S.C I'ATl atnJ AJJ1>1.̂  5ALAM: Quarks, lupioiiL
atiJ pre-Liuaiks.

IC/W1U7* ME- CRYPtOS and E. MAVROKtJATlS: The
t N l . ^ P , funiJiiunaJ dcrivaiivi: uf [lie radial distribution !ut

i jnii]y-pariicic IXIIOII systoiu.

n o p o i n i in a n o i i - a b e l i a n

JNT.RtP. tliL'.i3iy.

IC:/7i/I17--- C . ARAGONE and !-l O . GJSOTT1: N u l ' - p l a u t i uyi .a i i i ics

! K ' l . k ! i : : . ot n . a ^ i v r V j n j ; - : . ! i l h f j t ld i

I C 7 7 5 / 1 U * .*,. HAC;. 'JLiVAN and M. K L I C A : A |>he[!u:i;.;i]ok-,:ica!

IKT.RJii1 -iiialyLii of t i^dmn Ural ctua-.-sccN.v.s iji Me njorr.cnuij.'L

i G / \ V 1 J ' ' ' ' * :.;.Ni. ^ u \ ' : "!^i iUj iuy e l^[ io i r :^ 1 L! ' -Li i : TkiiJ and

I N ! . R i P . c> l i l - J r jL j l svn.r-i-lr> -

JC/' i . ' . /Ii 'L i . . V . G A L A i l K W I C i ' : O j t i a i u i i u t l l i . i .^nsi l ; ol'

c o n d e n s a t e sup^HtLiid phase and sitperil Eiid IVIDCJI 1 , - .

ICr/T.-./Kl" I1. K A C i J A N l l l J W . Z-AWAi:ZK] . K.- iuiu.n , p , n -

I.NT-ULP. •Jpuc-pj^oiLon i:nc.ni!;tiu:i in i i i i i l i - ^ a p i t u.iL ;i : id::c:iu;

I C / 7 : J T - - ' ' C /".RAt'1. J \ j ; : r--LaJJiiCal Lin:eii:[i ;M Viiij.1 i

I N T . K h K l iUvdf '^ed T o t ' ^ r a v i i y .

I C / ? . r j / ] ^ ; r H. fi!.-nw.1lrV: On s i ab i i i ly of J i : r iv , j - | ) i :m:di f

U> 1 .Pd;i' uilLjiioiis ol [ ioi i -holui ionj ic iyMti i t s .

I C / ^ / l J G A . a . l i A S i A , ^ : l i ld i i cc l ti.ii-p},UU)l; I lui .^I i i . . " ! ii:

sal ids v i ; 1: a Kjj^ii t ' l ic /JL U

U : / 7 D , U : I ; " I ! A. M i r W : C l i a r ^ d n a t i c fluid i p h t r t ! in

lC/'lb/\\:','" C . H . O l h i . i i i ' l uup dppr jx iu ia tiur. oi i!;^ ^ rfL-cLi.L-

!N'I .k i :P . p t i ' u m i a l fn: lilt- V M I ^ - V J U S fiulii.

I C / 7 ! J / K P * ! ( . | [ . MISHl ' and K . S - IJl'Bb'Y: On l i . c n t . j i

h \ T - R E i ' CLMiducuvjry of l n ? 5 .

I C / T a / l t i l ' ' 1 R . i ) . A K Y U i : A p r o t a o l e p c t n L a n i y tii t | u n n ; i ; c d

J M . R l ' P . I r i t i i o n .

KT/"S/ 1 Ut- l ' ' l i . J - d t VEi'.A and I I . O . GIROTTI ' On a i c h i u n n

I N T - R I P . of [lit diJ] icn, i jojul ly re^Lilsri^^ii r e n o n i j a l i - a t i c n

^ r o u p e ^ u a n o n j .

l C / 7 : i / U ! 1- 1--OIKA and J MOST(3VVSKI: Theory uf ^ I C C I I O H

c a p t u r e iiiio [Jit.1 ground i u i t uf tt]t^l^^^^• dujiuri i:i T;iA

IC/lb.•1J"SM.P. DAS; Sui iaLfs ;_.[ d i s o r d c i t d h m a r v a l l u y i ol

I N T . Iff;'. d - h a n J MiL-tal i ' I: T l t c i r o n s t r u c t u r e .

I I . ' / V S / T J ^ L, SAI \ . !U : C a k r i i l a t m n of a A P n^anan i^ iLsas s

aisirIC'LJ'U!!! jti [lie rt-,1!.-IIL'IL K~d - r n ' / i p .

l C / ; 5 / i o . f : ' I . s . SANTHAN'AM and [). CIU bLK: A L'r •. , n .odcl

I M ' . R L I ' . for itiL sp t c l rn i i i ol' fudrnn^.

JC/76/11I A R. HAS£AN; Ma^ncin' cxcuoiii b\ TW^PJIOUHI 10/ ij, L-)5:" N . \ Af If PI ami > , AMliwMU^MANi : C J I I
absorption in soimcondunor^. lNT.iiirT pjnn Tonn lacuir,

1C75/111!* ; i . p . DOKIiri'Kaiid B. I'IkWNt;: A new fl iw ul
INT. KE!5. H^nuktmiajii wiiL s^'JH 1) ^s spfCiruni-^t'iTL'iaLiii^

algebra.

iC''".IPVJ* H.D. DOFBNERiikl J- l[ENNk>: riiili^ddu^ of T!L̂

iNT.klii1- uali lei algebra into coiuplcx *o ri;j si a 11 pic Lir al^^hrjs. iu;;pli •. t;c i;:oupi.

luiL-riial fciTMm: Uii:^u*J di;fr:t>u!ion .

TUE^t l'pvtF!-JMTf- AKt A V A I U m i l-kl\M T! it IT^LICATU^NS OITIOK. 1CTIV 1=. L'- !k\ \ 5.'T. l-j-il-.-i: IKlFSTf.

IT IS NfT NVCLSSAKV TC WRITE TĈ  Til l A'.
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