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A unified model of weak, electromagnetic, and strong interactions of constituent
quarks and leptons with a local ST/ (8) symmetry is proposed.
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The Giorgi-Glashow SU(5) model, which unifies in a minimal way the Weinberg-
Salam theory with quantum chromodynamics (QCD), gives an isolated description of
each of the three, currently existing quark-lepton families (4, d, v, €), (¢, s, v, 1),
and (2, b, v, 7).)) Because of this, both the complete systematics of quarks and
leptons and the effects associated with Cabibbo quark mixing, with CP violation, etc.
remain outside the scope of SU(5) unification.

It seems to us that the two groups of fundamental quantum numbers—color
i.=1,2,3 [SU(3).] and flavor if=1, 2 {SU(2) ® U(1)} y —must be supplemented by
an analogous group of “‘weighting,” non-abelian quantum numbers i, =1, 2, 3
[SU(3)p] that number the families. It can be assumed, therefore, that these eight
quantum numbers constitute the fundamental representation of the SU(8) group and
the quarks and leptons “are seated” in one of its (irreducible or reducible) represent-
ations.

We can go further, however, and connect this fundamental representation with
the fields of subelementary fermions-preons? Y, (a= 1...8), which assemble into
quarks and leptons as a result of additional interaction between themselves, analogous
to that in QCD, with a certain unbroken symmetry group M. The confinement radius
of this group is very small [z™! > u=0(10" GeV]? and the ordinary quarks and lep-
tons comprised of preons are colorless with respect to the M group, just as the had-
rons are colorless with respect to the SU(3), group.

A simple example of the “metacolor” group M, which corresponds to a 3-preon
configuration for the constituent quarks and leptons and which eliminates condensa-
tion of preon pairs ({1 Yg) # O (this would apparently indicate the existence of mas-
ses "y in the observed quark-lepton spectrum*), has the form

My, mp) = SOB), @ SOBNg, Wy [ (=1,2,8), ¥, glm=1,2, 3

()

We shall “collect” the quarks, leptons and scalar mesons from the fields of Eq.
(1). It is clear that the unique, S-wave, metacolor singlets with spin % form the con-
figurations
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where g,(L ) denotes a gluon of the SO(3);, group and thL is a charge conjugation
above the field Y., : W;’L =((Y:2)7- The dimensions of the corresponding SU(8)
and SU(5) @ SU(3) group representations are indicated in the parentheses—whose ex-
pansion has the form

216 = (45,1) + (24,3) + (5,8) + (1,6) + (5,1) + (1,3) + (5,3) + (10,3),
8 = (5,1) + (1,3). €))

Such representations of ‘”a,ﬁ] ,R (216) and Y4, (8) form right-handed preon fields
Yam,r and gluons of the SO(3) group. The observed quark-lepton families should
evidently be identified with the fragment (5, 3)z +(10, 3);, of the 216, representa-
tion. The remaining fermions in the given representation 8z + 216, + 8 + 2165 re-
ceive large masses through vacuum expectations of the constituent scalar mesons.

The scalar particles originate from the compositions
~ - . |
VELvpiL~o'B 63, vl rUgn g R (6D),

L) ijk (1) (R) _mn (2)
Vai,L Vp; 0 8% <7 e g1 8 Yanr $pn sy "M PH( 00 (2
4
with SU(5) ® SU(3) expansion
63 = (1,1) + (24,1) + (1,8) + (5,3) + 5,3), 28 @ (1,3) + (5,3) + (10,1).
(%)

In addition to the main fields (4), which presumably generate large (") vacuum ex-
pectations for the (1, 1), (24, 1), and (1, 3) components, there can also exist multi-
preon (4, 6, ...), metacolor-singlet compositions (exotic preons)

(1,2) 36), (1,2)e 0 (1,2) 0
¢fa/3¥ (36) ¢[/3y5](42 ) ¢[y8“7](2 72) (6)

whose vacuum expectations for the (5, 3), (5, 6), and (45, 3) components are small,
iy V0 (10% GeV). Thus, the hierarchy of vacuum expectations can have a dynamic
origin. The breakdown scheme of the original SU(8) symmetry has the form

3(1,2)
SU(8) ——— SUB), ® [sUER) @ UM, @ [su@3) 8 U, —
28 (1.2) 36(1.2) ...
> su@), e lsuE Ul T 5U@3), & U(l)gy
Q)
We must strongly emphasize that the SU(5)® SU(3) decay channel of SU(8) is dom-
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inant only if the fields qb‘(g"z)"‘ are present in the Higgs polynomial, in addition to the
fourth-power, self-interaction terms as well as a noticeable cubic term. If this term
is missing or is small, then the SU(8) - SU(4) ® SU(4) @ U(1) channel will dominate
and the intermediate SU(S) systematics will be missing,.

Let us discuss in greater detail the mass spectrum of fermions. The main fields in
Eq. (4) do not participate in the formation of masses of the observed quarks and lep-
tons; this is accomplished by multipreon, exotic scalars

L _ o ga gy WB , cWya  cyd (1Ot By
cge cyd  JUBal oy 4 e WIBEE]
*Y V51 Y en) P FO 851 1% e ®

and by analogous couplings in L()f’ for the composite fields constructed from right-
handed preons ¢ o m g . The first coupling in Eq. (8) gives large ("vu) masses to the
states with the 8 and (5, 1), +(1, 3); components in the 8R +216;, representation
(and analogously in the 8; +216p representation). The ordinary quarks receive
their masses from the remaining couplings with the exotic scalars (the «, ¢, and ¢
“up”’-quarks receive their masses from the last coupling in L(yl ) The masses of the
right-handed, quark-lepton families (5, 3)g +(10, 3)g in the 2165 representation
are also formed from such couplings in L(y2 ). Since these exotic scalars (left-handed
and right-handed preon scalars) at the same time give masses to weak bosons, the
right-handed families, in comparison with the left-handed families, can be weighted
primarily because of the Yukawa constants Gg"f;,‘, in the L(}?) couplings. Assuming
that these constants are equal to V1 (they are equal to ~0.001 and 0.01 in L(yl )), we
obtain a mass scale m‘®) ~ (1-10)Gz! ~ 1 TeV for three, right-handed families.

However, the fragments (45, 1), (24, 3), (1, 6), and (5, 8) in the 216, + 2164
representation, after all, remain massless. This is attributable to the absence of trans-
itions of constituent, left-handed, preon fermions to right-handed preon fermions
due to an exact symmetry M. Such transitions occur only if a singlet {under SU(8)]
preon x; ,, with a “left” and *“right” metacolor is introduced in addition to the
Xair and Yo, g preons. This preon is very heavy (m, ~ u) and its metacolor inter-
actions, in contrast to interactions of the fields, are vector rather than chiral interac-
tions. It produces, together with the y/; g fields, a series of heavy, bound states of
fermions and scalars. An eight-preon (XX ¥ $ U490 Y Usr¥er ¥nr ), exotic scalar
K &[ g‘f]]z' in the Yukawa coupling L{/*? = G'?)216 ; 216k with large vacuum ex-
pectations ("vu) in the (200, 1) and (1, 27) components, which weights the (45, 1),
(24, 3), (1, 6), and (5, 8) states, does not perturb the masses of the observed quarks,
leptons and weak bosons.

In conclusion, we note that our theory of “metaforces” with a symmetry group
M=S50(3);, @SO(3)g “SO(4) is not asymptotically free because of a large number
of preons (n > 10), and the preon confinement is possible here only in the strong-
coupling mode.® Such mode can be realized if we assume that the symmetry M is an
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internal symmetry SO(4) supergravitation.® In fact, we would have in this case large
(~v1) constants for the metacolor forces at Planck’s distances. The structure of M
symmetry and the similarity of the range of forces between the preons and the gravi-
tational range make this assumption quite plausible.

The author is deeply grateful to A. A. Ansel’'m, Z. G. Berezhiani, O. V. Kancheli,
S. G. Matinyan, I. V. Paziashvili, and K. A. Ter-Martirosyan for stimulating discus-
sions and valuable advice.

*)The main results of this investigation were reported at the Nuclear Physics Session of the
USSR Academy of Sciences (Moscow, 27-31 January, 1980).
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