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1. The proliferation exhibited by three families of quarks and leptons and
the asseeimted spin-l1 gauge and the spin-0 Higgs particles strengthens the need
for a wore elementary and more economical set of objJects, of which these mey be
1)’2). In 1974 and 1975 a class of compesite models of
quarks and leptons was proposed 1 whose salient festures are the following.

regarded ss compogites

1) Quarks apd leptons are composites of three sets of elementary
[T
entities: the fIbwons *) £, = (u,d,e,8,), the chromons } ¢, = (r,y,b,t)
and 8 third aet of entities S bl )

Each set is characterized by specific velues of the binding charges stated
ABSTRACT *)
below. The third set Sk may contain as few as a single member. ! Collectively
the entities {f,C4,8} are pamed “preons". It is to be noted that the flavons

The U(J} x U(1) binding forces in an earlier preonic composite model and chromons directly define flavour and colour attributes of quarks apd

- of quarks and leptons are interpreted g3 arising from hidden electric and "u).

leptons

wagnetic type charges. The preons may possess intrinsic spin zeroj the
i1) The forces responsible for binding preons to make quarks and leptons

are agsumed to arise through two vectorial abelian symmetries U(1), » U(I)B
generating two spin-l gauge perticles. The assigned charges (QA,QB) for the
setz of £, ¢ and § are (g,0), (O,h) and (~g,-h), respectively. Quarks and
leptons are assumed to be fCS composites. These are the only three-particle
composites peutral with respect to both QA and QB .

half-integer spins of the composites being contributed by the féwce field.
The quark-lepton gauge symmetry is interpreted as an effective low-energy
symnetry arising at the composite level. Some remarks are made regarding

the possible composite nature of the graviton.

*) Four flavae. were introduced in 1974 and 1975 {Ref.l}; at that
time four quark flavours were known. HNow with the possaible existence of
six flavours, it is attractive to treat two flavens {(u,d} as basic and to generate
three families dynamically, or elternatively, lest skrs oliy fh; roie ;,f' B
family quantum nuibers (ze® text).

##) Four chromons are chosen to go with the idea of lepton number as the fourth
colour, However, in genersl, using preon ideas, one can consider leptons to
differ from quarks by more than one attribute.

#un} Tme @ particles in the original formulstion carried spin %‘- {assuming thet
chromons and flavons carry the same unit of spink Thus they were named "spinons".
In this note we conslder situations where {-particle spin may be zero. A

—_

humble guggestion for the B particlegis call them ¥essona"; a name more in
keeping with "flavons" and "chromons" is "somons" - for the nectar of the
Gods in Sanskrit (soma-ras).

#4428}  "Charges" or "attributes” mey in genera} arise in two alternative ways.

Either (i) each charge is associated with one elementary entity as for flsvons

and chromons or (if} charges are generated (st least for soms] dynamically at thé
" composite level. An example of (11i) is the dynamical g—e_n_e:aj_i‘o_nro_{i"ramil "

charge (see text}./
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iii) Low energy electroveak and strong interactions are generated in the
model by postulating a local symmetry § = su(z), x su(2), = su(h)fﬂ_R for the
precnic Lagrangian and introducing the required spin-l gauge as well as the spin-0
a " Uy
symeetry generating the preon binding forces, which commutes with 9 .

Higgs particles as elementary. This was in addition to the U{1)

The purpose of this note is to propose certain elaborations of this model,
mwotivated by our desire to retain non-proliferation of fundamental coupling
constants and of preons. In the new scheme we cbtain (i) a new interpretstion for
the origin and the link between the binding charges Q, and Ry (ii} = raison
for spin % for quarks and leptons starting with just spin-0 preons and (iii) a
glausible raison for the existence of families of quarks and leptons. The electro-

veak strong gauge symmetry sueh as SU(E)L x SU(2)H x SU(L) or its extenmsion

L+R
for example to SU(16)yis viewed as an effective lov energy symmetry valid at
energies belov the inverse size of the composites. Certain possible experimental

consequences of this class of preonic model are moted at the end.

2. We preserve the central festure of the o0ld scheme that quarks and leptons
are composites of three sets of preons fi, c and Sk as well as the
assignment of binding charges *) (g,0), (0,h) and {-g,-h) to these sets. We
modify the scheme in the following respects:

(1) It has recently been observed 3) that ordinary "electric" type
forces **) {abelian or non-abelian) arising within a simple or semi-simple grand
unifying symmetry are inadequate to bind preons to make quarks and leptons of
small size r, {< 10'16 cm) without proliferating preons unduly. Following
the spirit- of a suggestion made in Ref.3, we propose +that the
tvo primordial charges @, snd Qg (or rather g and h )are not unrelated.
They are reciprocal charges analogous to {but not identical with) the fundamental
electric and magnetic charges. Thus they satisfy
eondition 4

Birapc-like quantirzation

gh/bs = %n (R =1,2,3,...) . (1)

—!) -Othex emge aasi@i;;ta ave in general permissible (see for

example Rero3),though in this note we shall restrict ourselves to this particular
assignment.

®#} By "eleciric" type forces arising within a grand unifying symmetry, we mean
forces vhose effective strength is of order 10-2 at the grand unifying mass ‘M.

-3-

The two charges Qy mnd Qp may co:'respond to a U(l)A x U(l)B gauge symmetry
subject to a subsidiary cendition 5) % such that there exists only gne primordial
spin-1 gauge boson (A;) {rather than two) coupled to both R, =and Q’B . The
integer N for the specific model introduced here must be unity (see below).

Thus the two coupling constants g and h related by e.g. (1) represent Just
cne fundamental parameter.

: . 2
We assume that h is of order unity or larger {(h"/ir > Lo 1) at short

-18 cm or equivalently at running momenta MO H 1/1"0 2‘1 :

distances L3 1077 or 10
or 10 TeV, so that it may bind preons to make composites of small size rg. To-
gether with the constraint N = 1 this would imply that SE(MO)/'*W N (% to %-).

For the specific assignment of the binding charges (@) = namely (g,0),
(o,h) and {-g,-h) for f, C and S, both Q, end Qp are zero for quark and
lepton composites (fCS). Since ordinary electrie charge is:non—vanishing on
quarks and leptons, we zee that we cannot identify either QA or QB with
ordinary electric charge. We therefore interpret both QA and QB Lo be new

conserved charges which are operative only at the preon level, but are hidden

at the guark lepton level, They are analogous to elecetrle and

magnetiec charges in being reciprocals of each other; however ,clearly,!‘:hey have 4
to be distinct from them. The associated primordial gauge partlcle Au is thus .
distinet from the ordinary photon. ") In the present model, the ordinary photon

must be regarded as  composite like the gluons, the W's and the 2 {see remarks

below}. This is to be contrasted from the specific mcdel presented in the text

of Ref.3, where one of the two reciprocal charges was jdentified with crdinary

electric and the other with magnetic charge; and the primordial gauge
particle was the known photon. These two alternatives, while sharing many common

regt.u:es’ can be distinguished experimentally .

#) While we provisionally follow the formalism in the first paper of Ref.3, .
a field theory of electric and magnetic type charges with manifest Lorentz
invariance still needs elsboration. In this note we do not consider the ‘.
't Hooft-Polyskov type af megnetic monopoles nor their non-abelian extensions.

")_ We provisionally leave the question of masalesaness of A' open.

We note that ‘even with & misslese A' there 1z mo eonflict with the

limite from E&tvoe type experiments, since quarks and

leptons are neutral with regard to Q‘A and Q‘B and have small sizes Tg- GThe
Van-der-Wapl  force between neutral matter is proportional to -~ ai(rO/R) .

For Ty o 10—17 cm, this force is very much smaller than the gravitational evem
£ R is stomic Ar10" cms.
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(2} The second new feature -in this nete coneerns the gemerstion of spin 5

" for quarks and leptons. We consider the possibility here that the flavons, chromons ‘ Starting with the observation that quarks and leptons possess smal?l
and S-particleg all be sealar particles. Quarke and leptons, which sre sizes,compared to which inverse masses of these objects are irrelevant
fC3 compoaites nevertheless pessess spin > due to half-integral angular momentum . and thet an ef:l'ective tield -theory of these cosposites *} e
aasoclated with the field created by the two reciprocal charges {g and h). This : shouwid be expressidle s.s & series of terms in pevera of the gize para.met'r’ .
is entirely analogous to the case of angular momentum possessed by the electrg; 9 ° 4%t has been conJectured we belleve plausibly and a.greeahly] that the effective

magnetie field of en electric charge in the presence of a magnetic monopole. f:leld-theoretic interactions of these composites of spims O, = 5 L and 1 st momenth:

Ta obtain preclsely half-integer angular momentum from the field as : WM, = i-_o' must be renormalizable st least - for - & perturbative - v oo,
opposed to higher values, we set Ma".pﬁroa.ch, : Adopting this philosophy, non-renormalizable inte:-aetions (which.
. ) N . ineidentally are the conly opes available for compesl tea of apins g—. 2, g. , ete.)
ga/fbv =% . (2) will be damped out at low energies by powers of the size, 1/My. . .
This 1s the reason for choosing N = 1 in Eq.{(1). The problem cr‘ma.king three~ Since the only renormalizable theory of interscting "charged” epin-l
body composites allowing for angular momentum of the field is discussed later. fields 1s & Yang-Mills theory based on a spontaneously broken non-abalisn loeal

(3} We propose 3) that the shelian foree generated by the symmetry, it f"ii::; from the above remark that the effective interactions of

1
charges (QA.'QB) is the on rimordisl force, and all other forces including the the compgeites of spins O, 7 and 1 of small size mst be gener;ted by &
non-sbelian electrowesk/strong forces (leaving out gravity for the present, on non-sbelian spontaneously broken gauge theory upto energles < MO! "1:; - The

vhich ve comment later) are derived effectively only at the compogite level. We spin-0 composites can now plaar the role of the 315_35 fields. N e

adopt this peint of view - in the interests arf non—proliferation of Pundamental The econcmy of this picture is appesling. The basie theory, as in Ref.3,

cmliing eonstants and_non-proliferation of preons. - : involves a aingle gauge coupling constant g, a single primordial spin-l ) .‘
The primordisl force being strong at very short distances (r g 1073720728 partfole A. +» Snd-a reascnably small number (less then st most nine) of preond,

a) binds three preons (f£CS) to make spin 3 L quarks and leptons of small size ) The wif&r!ﬂ?i@ quark-lepton smuse structure, SU{16) or higger, with the .

0~ < 10 17 to 10 18 cm; it can also bind even numbers of precns including anti- assoeisted proliferated spin — spin-l as well as spin-O quanta {quarks, leptons,

preons to make a host of spin-l and spin-0 composites, which are neutral waes) Higge, etc.) derives ita 01'18111 only at the composite level. All of its

vith respect to the binding charges Q, and Q.. We assume that these spin-O rarameters shouldibe computable’ 1m prineiple in terms of the basic theory. ek

and spin-1 composites also possess small sizes Tys ¥ith tge masses of the The rencroalizable Yang-Mills theory is & consequence of ;hﬂ small size

eomposites being much smaller than their inverse size M,® I~ . Fote that M, °f‘:h° composites and  applies . only at low energles <« r—c" .

exseeds 10 TeV for L7 < 107t cm,and may be as large aa Planck mass if — — i

¥y~ 10"33 c. hle
) *)  Composites possessing non-zero values of QA and/or QB can also fornm.

*) Ve are dvare that the usual trestment (see Ref.6) is non-relativistic
and that it would need further elaboration for application to the present situation. . They may possess higher masses. Such composites can effectively play the

: 3),8)
r »
a5} Note that had we introduced jx * U(2), x U(1), s a fundamental symmetry role of techuiferaions

(subject to i (u 14z Z 1) where 5‘ containg the familiar su(2} x U(1) x su(3° *#) Unpublished remarks due to M. Veltman, . 't Hooft, M. Farisi and

symmetry we would not be in a position to embed such a symmetry into a simple K, Wilson. In ths present contexi this conjecture im stressed in Ref. 3. Ve
. Oor semisimple group larger than g; * U1} x U(.‘L)_‘Eg}____”rhn-oliferutinﬁ preons. 3) are of course assuming that preon masses {evaluated at Ho) are alsp very muck

*88) The size ,-0 of the composites is pefg;pa as large an ~10 lT-v 16~ ~18 cm; smaller than MO Any departure in this respect from experience with QCE may

it  pay even be as small as lfMleck-v 10 cm. In general, if preons are have its origin in the abelian (rather than non-abelian)p;eon dynamics.

composites of preprecns.and pre-pre-preona (see Ref.T), there may be a hierarchy ¥¥%} This may provide a raison for the absence of spin 5 and higher spin

of sizes of these composites ranging from 10-17 cm dowvn to gravitational length composite quarks and leptons with noticeable strong interaction at low energies.
_____ ];@E],a.nck“ 10'33 em. _ - . "%} This ides of composite spin-l gauge fislds vas proposed in a general

sean) Tb.e apin-0, spin-1 compoditesj neutral with regard to (Q QB) are of the context in Ref.g.

form 1 J, C¢Cg, Sk Sk,. Etc- 6=

5~



3. We now wish to build spin -3- three-bedy composites. One naive picture
is of "shell structure"” where a two-body composite of smeller size is formed
first to which the third entity binds. Consider the pair C8, which can form
two-body composites L, m (CS)(_G'O) with charges indicated by a subscript.
Here the pair can bind both through QB'Q,B ccupling as well as through QA'QB
coupling. With ¢ and § carrying charges (0,h) and (-g,-h), the fileld of
the (C8) pair has an angular momentum -gh/hw = % (see Eg.(2)). Thus X, made
of two spin-0 components has halfinteger spin. Now the third entity £ binds
to X, to maké composites (rc3) ~ (fxl)(o 0) * Since both f and X, carry
only QA chnge, the fleld of the (rxl) system carries zero angulur momentum.
With Il of spin-u—- and f of spin~0, the (rx ) composite has spin -'- it xl and
f bind in B8 wave. Hence spin % for quarks and leptons.

Pursuing the picture of ; rming two-body composites first, two other
such "composites™ wlbe possible:x2- (fs)(o,-h) and x2 = (rc)(s’h). each of
vhich possesses spin 5 for reasons menticned above., These guasi-two-body
composites may then form the cores to which C and S may, respectively, bind,
These could provide two additional spin % (£C8) composites which may be viewed
approximately as (cxa) and (sx3} composites. We would then have three sets
of fCS composites, possidly distinguished from each other by the sizea of ")
the inner cores and the outer radii, representing three distinet families.

———— e

With f containing two flavons {u,d), C containing four chromons
{r,y,b,L) and 8 being a single member set, there would be exactly eight members
(2 x 4 x 1) in each of the three sets {f,C S}. Each of the eight members
having spin % can appear with elther left or right helicity depending
upen the crientation of the fleld spin relative to the direction of metion of
The eight members in each set match by comstruction the flavour

the composite.

#} In 1948 Harish Chandre (Ref.10), on the basis of a classical calculsiion
showed that an electric charge cannot bind with a magnetic monopole. This
result has been questioned by A.S. Goldhaber 10) vhe shows that

both zero and non-gerc mass composites can form classically. (The former

may poseibly represent neutrinos.} In this context R. Jackiw

has showm 10 . that the dynamics ¢f the moncpole charge system possesses

& hidden 0(2,1} symmetry and that it is characterized by a simple irreducible,
unitary (hence infinite dimensional) representation of this greup. One wonders
vhether this could have any relevance to the number of families and whether
this number is infinite; see also A. Barut, Ref.10, for the question of
binding in dyonium systems based on classical considerations.

""j We observe that this mechanism is not applicable to three-body composites
of "{dentical” cbjects like the three-quark composites. The preoms £, C and
$ do differ from each other in respect of their binding charges.

o

and colour quantum numbers of tle six quarks plus twe leptons in each t‘eun:ll;r.wJ

In view of the naivety of the dynemical picture outlined abave,
one may entertein the alternative possibility that the origin of families
1ies at a more basic level. Thus one may postulate that there may for
example be three S-particles (se.Su,ST) and identify the e, yw and T
femilies aa the ground states of rcse, rcsu and rcsr composites. Within
this plcture, the § ‘s may apprepristely be nemed "familona". E

The effectlve gauge symmetry

We shall assume that the effective gauge symmetry at low energies
{E 1l TeV) is determined by those spin-1 precnic composites which are neutral
with respect to the binding charges (QA’QB)‘ The two-body composites neutral
with regard to (Q,.Q) are ?ifd, Eucﬂ and §8. If the preons have indeed
spin-0 rather than apin—z. it is clear that the corresponding currents (pI?an)
would be purely vectoriel at the preonic level., The six-body spin-l composites
{£cs #05 ) on the other hand can couple to chiral currents (L and R) if
spin %- is generated at the level of three-body composites like fC3 {corresponding

Mlowing for all six-body cumposites of the :

to quarks and leptons).
above sort (neutral with regard to QA'QB) and allowipg for the chirn.'l.

nature of the associsted quark and lepton currents, one may obtain the N
maximal _ gauge -, symmetry U{16) or 8U(16} in the space of one family ) ¢
compoeite eight left-handed fermions f {comprising six left-handed quarks

and two left-handed leptons) and their mtipurticles tc The comspondin. .
composite gluge pnrt.icles will couple to the fermionie currents 1"‘! . ?%r&

fLy fg and L" r for energies < HO‘ .

bl)

One word of qualification 1s in order. The symmetry U{16)} or SU(16) -
generating chiral currents possesses triangle anomalies, which spoil
renormalizability. Thus subjlect to the renormalizability conjecture 14
mentioned before, we expect that either the specific dynamices of preon '

») For spin 2 preons, there iz a related mecha.nism, which together with
different helicity configurations for the preons, generates three families of
quarks and leptons as well as three mirror families 8 .

#*) For binding purposes, these six-tody composites cannot be regarded as
qq composites, since the latter have "big" sizes ~10713 om, Even though ¢
and § are shielded from the primordisl binding force, the components within
{fCS £35) are not. Once the 9ix-body compcsites form with small sizes, thel
effective coupling would be to currents qu qL and EiRy g at the quark level. 1
we8) 1 principle the symmetry may encompass all families and may be as large
as [U(16)]° or even U(L8).



. »
bindling generatés additional multiplets of composite fermions ) 'fith

masges << HO 80 as to cancel the mncomalies, or else the effective gauge symmetry

at low energies(E < Mo) is restricted ') to an appropriate snomaly-free sub-
group B of U(16) or SU{16). The two most obvious anomaly-free subgroups are
50(10) or the still smaller SU(2); x SU(2),x SU(L)S, s both of which are left-
right symmetric and treat . lepton oumber as the fourth colour. As stated hefore,
uinc‘ewzﬁ_e—ﬁgo—ton is a cgmﬁbﬁ-{;—t‘-{eid; the —éi.ectric charge itself is defined ,
by this effective gauge sumetry; in particular 1) Uy = I3L + IBR +m1’15

e
= I3L + IBR + {B-L)/2.

In addition to the gauge particles of the electronuclear (EN} gauge

;.ymetry 9m =- (su(2) x su(2)p x su(l;)f‘,(H or 50(10)}, we expectgr (in fact

for any preon model based on three sets of preons ) that three strongly bound

apin~-l composites Zf, Zc and 25 coupled respectively,to the currents Tr f"?ur,
Trci?nc and Tr Shé'us, should form. These define the vectorial ) abelian
‘symmetry 9 = U(l)f x U(l)c * U(l]s; the charges defined by these currents
being just the flavon, the chromon and the 5 . numbers K,, N, and RS' The

[+
net local symmetry 284} at the composite level is thus of the form

G *x Q) = U2} x U0

We expect Z,, Zc and Z, to acquire masses dynamically. These gauge

5
particles have the remarkable feature that each one of them couples univeraally

to all quarks and leptona. This is because each quark (or lepton) possesses
" The existence of three or more such gauge .

lt = ‘c = n‘s = 1.
particles is peculiar to preonic medels. If quarks and leptons are assumed to
be elementary and if we assume a grand unifying non-ebelian symmetry for the

o
v

#)} One example of such fermions are the mirror fermions. With spin 1
preons, there exists a& simple mechsnism to generate three families plus
thelr mirror sets .

##) This amounts to saying that the spin-1 gauge particles within the coset
spaces SU(16)}/H muet effectively be superheavy >M,, if they form as composites
at all.

#%%) For the case of. lp_‘m-% preons the abelian symmetry can be chiral unless
anomaly constraint restricts it to he vectorial, Kote that the compesite

gauge particles Zf,C,S are distinet from the primordisl gauge particle A‘: .
##%8%) Tt ip worth noting that the symmetry of the preonic lagrangian was just
[1.1(1)‘,l ® 11(1)]3];\0‘:9_1 x [t.r(a)f x U(li)c x U(I)S]global ,wherethe hat A signifies
that the two U(1)'s (of electric and magnetic character) are inter-related.

Thie symmetry translstes into 5” * [0(1)13 1ocal at the quark leP*-i?n 1e\f3191
or example

in accordance with the renermalizabllity conjecture. Why we started with/tws
flavons, four chromons apd one ‘g - or rather why the global preonic symmetry
is lIr(2) x Uc(h) x US(l) - can only be answered at the level of pre-preons

quark-lepton Lagrangian, it would be possible to generate one such gauge particle
coupled to a fermion number ¥} as in the SU(16) model, but not three.

Thils opens the possibllity for a clear experimental signal for preonic
models. If the masses of Zf, Z,, and ZS are in the range of a few hundred GeV,
their presence can be felt in e e + u-u+ and e"e+—-r qc-1 forward-backward
asymmetry measurements even at LEP energies and similar measurements in pp + 13X
and Pp + 2IX at Issbelle and the new CERN fp &ccelerator. Evidence for three
such gauge particles coupling universally to all quarks and leptons, if found,
would eall for a preonic besis. We see that such evidence cowld come (depending
upon the masses of the Z's) even before one may reach the energy scale M= -:7- R
where quarks and 1eptona would begin showing form factors, or even diasociating.

This preon model. (with both binding cherges QA and QB "hidden") can be
distingulshed from those *) in which one of the "binding" charges is grdinary
glectric and the other charge is magnetic. For the latter,
collisions of ordinary matter (carrying electrice charge)can lead to emissiocn
of virtusl high-energy photons, which through the large magnetic coupling can
convert to a preon-antiprecn pair at short distances. The latter in turn can
generate more preon pa:'._rs; these could recomgine to give large multiplicity
events ) or 94 and £% type in comparsble numbers and perhaps alss photona.
These processes would take place as long as centrevpf—hé.ls energies exceed twice -
the effective mass of preons at short distances , which need not be much greater
than 200 GeV **). Such a threshold may thus be much lower than the inverse
size MO- -:_'—0- 7> 1 to 10 TeV. For the present Bodel with both QA and QB "hidden®y
such a dramatic signel would appear only at an energy scale A M., where

simuitaneously quarks and leptons would begin showing form factors.

We end this note with a few remarks which are more genersl than the
specific model proposed here.

(1) To pursue the point of economy one mey regard the graviton as a
composite of the prifwrdizl spin-l quantz A' and of the preona. A composite
12). It has
also been noted 13):;_5!_3 general context that a spin-2 particle treated in the

pleture for the graviton has been considered by several authors

%) The fermion number symmetry may be identified with the diagonal sum of
the three symmetries U(l)f, U(l)c and U(l)s.
‘l‘) See R_e:t‘. 3,1
#n#) gee Ref.B.:Tor g therough: diseussion of related peints.fer -
energies E z‘%——, aee'x Ref.11 . "We-nste. that phoi:ons of e_ne_rg:l.eu higher than
0.

ot

circular polarization revealing parity
Parity violatlon

inverse size will exhibit
viclation if photoms couple to electric and magnetic charge.
for such energies is truly characteristic of &ll theories based on dual

charges, whether hidden or manifest.
s T
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Tramewerk of a local field theory } must be massless and must uniquely
couple in a generslly covariant manner to the energy ncmentum tensor

LT
Tuv in order that the theory may be ghost-free ). Since

positiv; -‘.aéfiniteness {guaranteeing conservation of probabilities }ia the minimal
requirement even for an effective field theory of composites, this result serves
to provide credence to a composite picture of the graviton in the sense that the
unique emergence of the Einstein Lagrangian at the composite level is not an
accident; it is guaranteed on more general grounds regardless of the details of
the binding dynamics. :

One may furthermore observe that the renormalizsbility conjecture
stated before implies — since gravitational interaction is perturbatively non-
" renormalizable —that this interaction must be damped by the small size R= %l—
of the composites at energies much smaller than M. (Here R msay in general
be much smeller than the size rs of quarks and leptons - see remarks helow. }

This would say that the weakness of the gravitational coupling constant is
related to anocther known fact - the smallness of the size of guarks and leptons

. {or of their comstituents) and thus to the dynamics of the primordial binding _

force.
——r—

o 1demtify R with ";J}mq] vhere My o x 2 10'? cev, we find it

'_} We are assuming here that the composites including graviton have
sufficiently small size Nl!MPlanck’ 50 that they maybe encompassed within a local
field theory for energy ranges << M'Pla.nck' We remark that the above statement
ddes not of course preclude the existence of mmssive spin-2 composites like the T
graviton %) composite perhspa off twe giuons, With massen Mo < Mpy ooy Db nverse
aizes <H;.‘ These: auua.lae..};e d.nuelri‘rlz'ed. Ly effective leecal. fiald thecries for
~energies-tess—tham-gheir -luverse gize.

) It is noteworthy that no apin % or spin 3 interacting theories which are
fieid theoretically satisfactory have yet been discovered.
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*
natural to envision several layers ! of inpcreasing elementarity - preons,
pre-preons, pre-pre-greons... Within quarks and leptons with their sizes

o - of
decreasing progressively from say 10 17-1018 em to 10 TTem - the size[the last but

one layer which includes the graviton (if it is composite} being of order
1mnmck . Within this picture the gravitational interactions would be
damped by form factors at momenta approaching Planck mass scale thua rendering
the theory well behaved for these energies. Unfortunately the differences from
the conventional pleture where gravitation is included as a fundamental inter=

action would manifest themselves only at and beyond Planck energles if one may

pe so daring as to coutemplatm-r-—e_gime where the graviton may have
dissociated inte its more elementary conatituents. 1In such a theory

the perspective of unification of gravity with the other forcea takes & new
form: the effective Yang-Mills constant sf the present gauge theoriea ag well
as_the Nevtonian constant would be computable, in principle, in terms of the
primordial [U(1)} ® U{1)] constant {suitebly dimensionslly transmuted). Compare

this with fhe pict;u-e preaented for example_ by supergravity theories at Flanck
energies and beynnd)uhere gravity plus seme form of matter - possibly with

a fundamental Yang-Mills interaction = would survive and the eventual theory
Y contain . . fwp constants {Newtonian and Yang Mills or equivalently

Newtonian snd & cosmological constu.nt).

(2) One may choose to assign spin %— to the preons £, C and 8 rather
than spin O, while assigning them the same binding chsrges (QA‘QB) a8 in the
text, In thiz case one must choose {ghfbm) = (12‘) (2} = 1, 80 that the field

) pair would
generated: by ea.cli.f eontribute one unit of angularlmomentm rathgr than halfa
unit sud the composites fCS can still have spin 3. Here,for h Jiw =1,
we would have gzllu' = gh/hw = 1 . Thus both Q, Q) and Q,B'QB couplings can be
of the same orde:.!..) This case will share most of the consequences of the model
presented  above except that spin %will not have its origin in the force
field and that spin 1 ﬂP composites can couple to gchiral rather than purely
vectorial currents.

{3) We see that the effective gauge symmetry at the quark lepton level

need not be simple or semisimple; it may in genersal have a form ﬁEN * gl{1)-
factors, which cannot be embedded into a simple or gemisimple group for reasons

#) This would correspond to having no long extending "desert” or grand
plateau in physice.

M%)} FHote that in this case, all three families(arising through three
different two-body cores in the manner discussed in the text)would have
similar binding emergies.

=12~



discussed above. This Bovever does not run counter to the spirit of

grend unification, since the primordlal force is governed by one coupling
conatant .

(&) Prgton decay into leptons (with composite quarks, leptons, gauge

wnd Hlggs particles) will occur and provide an upper 1imit to the scale of the

inverse size 1/1-0 = MD' This is because the masses of the composites {in-

cluding the gauge and Higgs particles) are,within the picture presented here,
bounded above by Mo

A iy e

Within the standard approach the (B—L) conserving proton?e;;

{ng; pret 4l

) is mediated by diquark and lepto-antiguark type of
guge particles, which for a preonic thecry of the type presented here are
to be interpreted as six rather than two preonic composites.
of these ga.uge pa.rticles are estimated to exceed arcund Iclh Gev to account for the
known lower limit on proton 11fetime.

approach the sizes of quarks and leptons and the superheavy gauge particlegwould
have to be less than (1011‘ cev) ™t
arise if the dynamics of preen binding does not favour the formation of six preonic

spin-1 composites ) In this case, proton decay into e * 1r0 may ogcur through{ third

I —————

order in the effective four p‘reouic transitmn (@ 63 > @3 +@h 4, +<¢b))
followed by an effective quartic M coupling(ﬂubject to one component or

4 having non-zero VEV)-"}. The four preonic transitions of the above sort

can be wediated (for the case of apin—%— preons) by dipreonic gauge composites
with for example the compositions(Cf}, (£g) and {SC). The emitted Higgs (¢&)

The amusing

The masses
For this picture to be consistent with our

. There is an alternative scenario which would

may have the same composition or may contaln four preons.
feature of such & mechanism is thet the charmcteristic msss scale for this

proceas (ylelding AF= ~h,p +et picns) is only of the order of 103-10ll Gey

in contrast to 101 Ge¥ for the SUNG6) or S0{10) models. The AF = O proton

decay mediated by leptoquark X of mass 10 GeV would be comparsble in strengih

with similar rem:.g%g?i‘%% AF = -2, 6, Within this picture quarks and leptons

need have sizes no smaller than 2¢ (10 TeV)-1 . A chelce between the twe acenarios
would need direct experiments with high-energy probes frem the region of

energies of order 10 TeV.

#)} Unfortuantely the question of binding fop such systems of charges and
monopoles ia very little understood.
%) This mechanism is analogous to thet of the AF = O proton decay (p + 3% +

mesons) for the standard case (see Ref.1 ).
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(5) Finally we have taken a fairly conservative attitude towards

the physics of precms. If we are to entertain the notion of layers of

compositeness and elementarity, we should be prepared for new physica, relevant
at very small distances. Ideally we shall be 1ook:1ng for the pre?n, pre—precn,
pre-pre-preon... sequence to end with one single (monotheistic) entity -

endoved perhaps with Prqyertiga of. tepolosical naturg ff)g

Note added: After completing this note, ve came across e paper of Weinberg and ' .
20

Witten»

sssumptions, among which lLorentz invarlance plays an important role.

" in which restrictions on spins.of’ composites are derived, under certain
If our .- -
preons carrying dual charges are described by & theory like that of Zwanziger 5_),
Lorentez 1nva:risnce emerges only non-perturbatively, and it ia not clear to us if

the considerations. of Weinberg and Witten should apply to this case.

- s

’

#) See remarks in the last reference of Ref.l.
#%)} Wa observe that of the three sets of precns (£,(,8), one set can be considered
as composite of the cther two so far as their charge assignment is concerned, &.g.
£~00, Alternstively, and perhaps more attractively, one may introduce Just iwo pre-
precns, e.g. o with charge {g,0) and B vwith charge {8,h). Identify B of charge
(-g,-nh) with (af} and its mirror S' of charge {g,-h) with af. The two flavons
{£'8) may be idenyified with o and #5 = 3(aB) or (and, for 2 families) with
alda) and p{all}..
One cpdterics. for choosing a perticuler set could be the emergence of
appropriate commuﬁtion relations for the composite currents from the canonicxl.

Likewise one can specify composite constructions for four or

more C'a.

commutation relations 19} in the approximation when composite size is neglectaed.

With jJust two mntu entities a and A , related by duality, one might already
be approaching & monotheistic view, dbut such a model, as it stands, yfelds integer
spln for quarks ind leptons, when viewed as fCS composites. This is true for elther
spin assignment {0 or %) for {(a,f) and either fleld-spin {gh/hx = %or 1). This
difficulty can of course be removed by intreducing, in additien, subersymmetrie
partners.of (spin —) a's and B's or alternatively a fundamental sfinon with
charges {(g,h); however we would like to believe that there is yet another aource
for spin J%‘rhfl.o::h will obviate the need for introducing these extra emtitles. -

#%%) - We have in mind the possible use of the theory of knote built on a fundamentsl
substructure 16 ¢ Or the use of higher 17
topologically defined 18). In this latter context W. Nahm {in & private &iscussion)
has enpheaised that the N = L Yang-Mills supersymmetric theory vhich can be ’
formlated in ten dimensions is s good candidate for a fundamental local thﬂﬂ of
dual charges. The B function venishes (upto three loops) in the theory implying
lack of need faph perturbstive renormelizability for gither charge {electric g or

mia p= 2n_x ;nteger)

dimensions vhere dual chapges Can de
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