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Abstract. The L-R symmetric composite model for quarks and leptons where constituent
preons are bound by the SO(n)r x SO(n)r gauge forces is reconsidered. We find that just
the eight left-handed and right-handed preons, their local metaflavor symmetry SU(8)mr
and accompanying global chiral symmetry SU(8)r x SU(8)r may determine physical world
at small distances. This result for an admissible number of preons filling the fundamental
multiplet of some SU(N)mr symmetry group appears as a solution to the 't Hooft’s anomaly
matching condition precisely for N = 8, provided that this condition is satisfied separately
for the L-preon and R-preon composites which fill individually a single multiplet of the
SU(N) rather than a set of its multiplets. We next show that an appropriate L-R symmetry
violation reduces an initially emerged vectorlike SU(8) theory down to the conventional
SU(5) GUT with an extra local family symmetry SU(3)r and three standard generations of
quarks and leptons. Though the tiny radius of compositeness for universal preons compos-
ing both quarks and leptons makes it impossible to immediately confirm their composite
nature, theory predicts the several extra heavy SU(5) x SU(3)r multiplets located at the
scales from O(1) TeV up to the Planck mass scale that may appear of actual experimental
interest.

Povzetek. Avtor obravnava model sestavljenih kvarkov in leptonov s simetrijo L-R, v
katerem sestavne delce (preone) veZe sila umeritve SO(n)r x SO(n)r. Fiziko na majhnih
razdaljah v tem primeru dolo¢a samo osem levoro¢nih in desnoro¢nih preonov z njihovo
lokalno meta-okusno simetrijo SU(N)mr in ustrezno globalno kiralno simetrijo SU(N)p x
SU(N)g. Ta rezultat za N = 8 zadosti 't Hooftovemu pogoju za ujemanje anomalij, ¢e velja
posebej za gruée levoro¢nih in posebej za gruc¢e desnoroénih preonov, ¢e vsako od grué
doloc¢a bodisi levoro¢ni bodisi desnro¢ni multiplet. Avtor pokaZe, da priblizna zlomitev
simetrije L — R vodi do GUT SU(5), ki pa ima dodatno lokalno simetrijo SU(3)r, s katero
opise tri druzine druZzine kvarkov in leptonov. Teorija napove ve¢ zelo tezkih multipletov
SU(5) x SU(3)r, ki imajo mase od O(1) TeV do Planckove skale, kar bi lahko opazili pri
poskusih.
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3.1 Preamble

It has long recognized that there is no meaningful internal symmetry scheme
beyond the known Grand Unified Theories like as the SU(5), SO(10), or E(6)
GUTs which could be well suited for classification of all observed quarks and lep-
tons. Any attempt to describe all three quark-lepton families in the grand unified
framework leads to higher symmetries with enormously extended representations
which also contain lots of exotic states that never been detected in an experiment.
This may motivate us to continue seeking a solution in some subparticle or preon
models for quark and leptons just like as in the nineteen-sixties the spectroscopy
of hadrons had required to seek a solution in the quark model for hadrons in
the framework of the so-called Eightfold Way. This term was coined by Murray
Gell-Mann in 1961 to describe a classification scheme for hadrons, that he had
devised, according to which the known baryons and mesons are grouped into
the eight-member families of some global hadron flavor symmetry SU(3) [1]. This
concept had finally led to the hypothesis of quarks locating in the fundamental
triplet of this symmetry, and consequently to a compositeness of baryons and
mesons observed. We try to show now that the Eightfold Way idea looks much
more adequate when it is applied to a next level of the matter elementarity, namely,
to elementary preons and composite quarks and leptons. Remarkably, just the
eight preons and their generic SU(8) symmetry seem to determine in a somewhat
special way the fundamental entities of the physical world and its total internal
symmetry. Interestingly, not only the number “eight” for preons but also its break-
down into some special subdivisions corresponds to the spirit of the Eightfold
Way that will be seen from a brief sketch given below.

In more detail, the Eightfold Way or Noble Eightfold Path [2] is a summary of
the path of Buddhist practices leading, as supposed, to a true liberation. Keeping
in mind the particle physics we propose that the eight spoke Dharma wheel
which symbolizes the Noble Eightfold Path could be associated with eight preon
fields (or superfields, in general) P; (i = 1,...,8) being the fundamental octet
of the basic flavor symmetry SU(8). They may carry out the eight fundamental
quantum numbers which has been detected so far. These numbers are related
to the weak isospin, color and families of quarks and leptons. Accordingly, we
will refer to these preons as a collection of “isons” P, (w = 1,2), “chromons” P,
(c =1,2,3) and “famons” P¢ (f = 1, 2, 3). Surprisingly, the Noble Eightfold Path is
also originally divided into three similar basic divisions. They are:

(1) The Insight consisting of the Right view and the Right resolve,

(2) The Moral virtue consisting of the Right speech, the Right action and the
Right livelihood,

(3) The Meditation consisting of the Right effort, the Right mindfulness and
the Right Concentration.

This analogy with a similar decomposition of the sacred number eight, 8 =
2 4 3 + 3, which appears in the expected breakdown of the generic preon SU(8)
symmetry

SU(8) — SU(2)w x SU(3)c x SU(3)F, (3.1)

looks indeed rather impressive.
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In principle, it is not necessary to generically relate the Eightfold Way concept
to preons and composite quarks and leptons. First of all, it is related to the eight
fundamental quantum charges of particle physics presently observed. They corre-
spond in fact to the two weak isospin orientations, the three types of colors and
the three species of quark-lepton families, all of which may be accommodated in
the unified SU(8) theory. Their carriers could be or could not be the elementary
preons, though the preon model composing the observed quark and leptons at
appropriate distances seems to reflect this concept in the most transparent way.

We find, resurrecting to an extent the old Eightfold Way idea in an initially L-R
symmetric and SU(N) invariant physical world, that just the eight left-handed and
right-handed preons and their basic flavor symmetry SU(8) appear as a solution
to the 't Hooft’s anomaly matching condition [3] providing the chiral symmetry
preservation at all distances involved and, therefore, masslessness of emerged
composite fermions. We show that this happens if (1) this condition is satisfied sep-
arately for the L-preon and R-preon composites and (2) each of these two series of
composites fill only one irreducible representation of the starting SU(N) symmetry
group rather than a set of its representations. We next show that an appropriate
L-R symmetry violation reduces an emerged vectorlike SU(8) theory down to
one of its chiral remnants being of significant physical interest. Particularly, this
violation implies that, while there still remains the starting chiral symmetry for the
left-handed preons and their composites, for the right-handed states we only have
the broken chiral symmetry [SU(5) x SU(3)]r. Therefore, whereas nothing changes
for the left-handed preon composites still filling the total multiplet of the SU(8),
the right-handed preon composites will fill only some particular submultiplets
in it. As a result, we eventually come to the conventional SU(5) GUT with an
extra local family symmetry SU(3)r and three standard generations of quarks
and leptons. Moreover, the theory has the universal gauge coupling constant run-
ning down from the SU(8) unification scale, and also predicts some extra heavy
SU(5) x SU(3)r multiplets located at the scales from O(1) TeV up to the Planck
mass that may appear of actual experimental interest. For simplicity, we largely
work in an ordinary spacetime framework, though extension to the conventional
N = 1 supersymmetry with preons and composites treated as standard scalar
superfields could generally be made. All these issues are successively considered
in the subsequent sections 3.2-3.7, and in the final section 3.8 we present our
conclusion.

Some attempt to classify quark-lepton families in the framework of the SU(8)
GUT with composite quarks and leptons had been made quite a long ago [4],
though with some special requirements which presently seem not necessary or
could be in principle derived rather than postulated. Since then also many other
things became better understood, especially the fact that the chiral family symme-
try subgroup SU(3)r of the SU(8), taken by its own, was turned out to be rather
successful in description of quark-lepton generations. At the same time, there have
not yet appeared, as mentioned above, any other meaningful internal symmetry
for an appropriate classification of all the observed quarks and leptons. All that
motivates us to address this essential problem once again.
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3.2 Preons - metaflavors and metacolors

We start formulating a few key elements of preon models (for some significant
references, see [5,6]), partially refining some issues given in our old paper [4].

o We propose that there is an exact L-R symmetry at small distances where
N elementary massless left-handed and right-handed preons, P;; and Pir
(i=1,...,N), possess a local metaflavor symmetry SU(N)nr including the
known physical charges, such as weak isospin, color, and family number. The
preons, both P;; and Pjg, are located in its fundamental representation.

e The preons also possess a local metacolor symmetry Gpc = Gy x G¥ ¢
with n metacolors (n is odd) which bind preons into composites - quarks,
leptons and other states. In contrast to their common metaflavors, preons have
different metacolors for the left-right and left-handed components, P& and
Pf‘R/, where « and o are indices of the corresponding metacolor subgroups
GYc (e=1,..,n) and G} - (&« =1,...,n), respectively. As a consequence,
there are two types of composites at large distances being composed from
them separately with a radius of compositeness, Rmc ~ 1/Amc, where Apmc
corresponds to the scale of the preon confinement for the asymptotically free
(or infrared divergent) GL;% symmetries. Obviously, the preon condensate
(PLPR) which could cause the Apic order masses for composites is principally
impossible. This is in sharp contrast to an ordinary QCD case where the left-
handed and right-handed quarks forms the (qr qr) condensate thus leading
to the Ac order masses (Ac ~ (0.1 + 1)GeV) for mesons and baryons. Due to
the L-R symmetry, the metacolor symmetry groups Gf,. and G}, are taken
identical with a similar confinement for both of sets of preons. If one also
proposes that the preon metacolor symmetry Guic is generically anomaly-
free for any matter content involved, then for independent left-handed and
right-handed preons one comes to an input chiral orthogonal symmetry of the
type

Gme =SO(M)5c x SOM)¥ e, n=3,5,... (3.2)
for the n-preon configurations of composites. For reasons of economy;, it is
usually proposed that fermion composites have the minimal 3-preon configu-
ration.

o Apart from the local symmetries, metacolors and metaflavors, the preons P&
and P& possess an accompanying chiral global symmetry

K(N) = SU(N)L x SU(N)g (3.3)

being unbroken at the small distances. We omitted above the Abelian chiral
U(1)r,r symmetries in K(N) since the corresponding currents have Adler-Bell-
Jackiw anomalies in the triangle graph where they couple to two metagluons
[7]. In fact, their divergences for massless preons are given by

g% wv ~po

a“H—LyR :“167§GL,RGL,R€HW (3.4)
LR

where G['; are the metagluon field strengths for the SO(n)y;¢ metacolors,
respectively, while g r are the appropriate gauge coupling constants. Thereby,
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the chiral symmetries U(1); r, which would present the conserved chiral hy-
percharges in the classical Lagrangian with massless preons, appear broken
by the quantum corrections (3.4) that make us to leave only the non-Abelian
chiral symmetry (3.3) in the theory. Nevertheless, one could presumably still
use these symmetries at the small distances, v < Rmc, where the corrections
(3.4) may become unessential due to asymptotic freedom in the metacolor
theory considered. We will refer to this regime as the valent preon approxi-
mation in which one may individually recognize each preon no matter it is
free or bound in a composite fermion. Therefore, the chiral preon numbers
or hypercharges Y1 r related to the symmetries U(1) r may be considered
in this approximation as the almost conserved classical charges according to
which the preon and composite states are allowed to be classified.

e The fact that the left-handed and right-handed preons do not form the (P Pg)
condensate may be generally considered as a necessary but not yet a suffi-
cient condition for masslessness of composites. The genuine massless fermion
composites are presumably only those which preserve chiral symmetry of
preons (3.3) at large distances that is controlled by the 't Hooft’s anomaly
matching (AM) condition [3]. For reasons of simplicity, we do not consider
below boson composites, the effective scalar or vector fields. Generally, they
being no protected by any symmetry will become very heavy (with masses
of the order of the compositeness scale Ay c) and decouple from a low-lying
particle spectrum.

3.3 AM conditions for N metaflavors

The AM condition [3] states in general that triangle anomalies related to N mass-
less elementary preons, both left-handed and right-handed, have to match those
for massless fermions (including quarks and leptons) being composed by the
metacolor forces arranged by the proposed local symmetry SO(n)%,c x SO(n)R, .
Based on the starting L-R symmetry in our model we will require, in some contrast
to the original AM condition [3], that fermions composed from the left-handed and
right-handed preons with their own metacolors, SO(n)§, - and SO(n)R, -, have to
satisfy the AM condition separately, whereas the metaflavor triangle anomalies
of the L-preon and R-preon composites may in general compensate each other.
Therefore, in our L-R symmetric preon model one does not need to specially intro-
duce elementary metacolor singlet fermions, called the ”spectator fermions” [3],
to cancel these anomalies both at the small and large distances.

The AM condition puts in general powerful constraints on the classification
of massless composite fermions with respect to the underlying local metaflavor
symmetry SU(N)nr or some of its subgroups, depending on the extent to which
the accompanying global chiral symmetry (3.3) of preons remains at large distances.
In one way or another, the AM condition

Y ira(r) =na(N) (3.5)

for preons (the right side) and composite fermions (the left side) should be satisfied.
Here a(N) and a(r) are the group coefficients of triangle anomalies related to the
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groups SU(N)¢ or SU(N)r in (3.3) whose coefficients are calculated in an ordinary
way,

a(r)d*PC = Tr({TATEITC),, Tr(TAT®) = %5’*‘3 (3.6)

where TA (A,B,C = 1,...,N? — 1) are the SU(N) generators taken in the corre-
sponding representation . The a(N) corresponds a fundamental representation
and is trivially equal to &1 (for left-handed and right-handed preons, respectively),
while a(r) is related to a representation r for massless composite fermions. The
values of the factors i, give a number of times the representation r appears in a
spectrum of composite fermions and are taken positive for the left-handed states
and negative for the right-handed ones.

The anomaly coefficients for composites a(r) contain an explicit dependence
on the number of preons N, due to which one could try to find this number
from the AM condition. However, in general, there are too many solutions to the
condition (3.5) for any value of N. Nevertheless, for some special, though natural,
requirements an actual solution may only appear for N = §, as we will see below.

Indeed, to strengthen the AM condition one could think that it would more
appropriate to have all composite quarks and leptons in a single representation of
the unified symmetry group rather than in some set of its representations. This,
though would not largely influence the gauge sector of the unified theory, could
make its Yukawa sector much less arbitrary. Apart from that, the composites
belonging to different representations would have in general different preon
numbers that could look rather unnatural. Let us propose for the moment that we
only have the minimal three-preon fermion composites formed by the metacolor
forces which correspond to the SO(3)§, x SO(3)}, symmetry case in (3.2). We
will, therefore, require that only some single representation v for massless three-
preon states has to satisfy the AM condition that simply gives in (3.5)

a(ro) =3 (3.7)

individually for L-preon and R-preon composites.
Now, calculating the anomaly coefficients for all possible three L-preon and
three R-preon composites one respectively has (see also [4,8])

YL N2/24+9N/2+9,

Wik » N?2/2—9N/2+9,

Yiingr, N2 —9,

YhigLr s N?/24+7N/2-1,

Wharr, N2/2—7N/2—1 (3.8)
with all appropriate SU(N)i r representations listed (anomaly coefficients for
right-handed composites have to be taken with an opposite sign). Putting then
each of the above anomaly coefficients in (3.8) into the AM condition (3.7) one

can readily find that there is a solution with an integer N only for the last tensors
‘l’}j WLk - and this is in fact the unique “eightfold” solution

N?2/2—-7N/2—1=3 N=38. (3.9)
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Remarkably, the same solution N = 8 independently appears if one requires
that the SU(N) symmetry has to possess the right SU(5) GUT assignment [5]
for the observed quark-lepton families in order to be in fact in accordance with
observations. This means that one of its specified representations has to contain

an equal numbers of the SU(5) anti-quintets 5 and decuplets 10y 1) (k, l are the
SU(5) indices). Indeed, decomposing SU(N) into SU(5) x SU(N — 5) one find that
this equality does not exist for any 3-index representation (3.8) but the last one
‘P}j - for which it reads as

(N=5)(N—6)/2=N-5 N=38 (3.10)

thus leading again to the “eightfold” SU(8) metaflavor symmetry.

Let us note that, apart the minimal 3-preon states, there are also possible some
alternative higher preon configurations for composite quarks and leptons. More-
over, the SO(3)5% metacolors providing the three-preon structure of composite
quarks and leptons may appear insufficient for the preon confinement, unless one
invokes some special strong coupling regime [9]. For the asymptotically free SO(n)
metacolor, one must generally require n > 2+ 2N/11, due to which the composite
quarks and leptons have to appear at least as five-preon states. Checking generally
all possible n-index representations of SU(N) we find that the AM condition only
works for some combination of its “traced” tensors ‘{’}jk]L‘R and Wi r obtained

after taking traces out of the proper n-index tensors ‘1’%]:1'4 )L g- This eventually

leads to the equation generalizing the above anomaly matching condition (3.9)
N2/2—7N/2—1+p=n (3.11)

where p is a number of the traced fundamental multiplets Wi r for composites.
One can see that there appear some reasonable solutions only for n —p = 3 and,
therefore, one has again solutions for the “eightfold” metaflavor symmetry SU(8).

Apart from the AM condition (3.5) there would be in general another kind
of constraint on composite models which has been also proposed in [3]. This con-
straint requires the anomaly matching for preons and composites, even if some of
introduced N preons become successively heavier than the scale of compositeness
and consequently decouple from the entire theory. As a result, the AM condition
should work for any number of preons remained massless (thus basically being
independent of N) that could make generally classification of composite fermions
quite arbitrary. Fortunately, such an extra constraint is not applicable to our L-R
symmetric model where the Dirac masses for preons are not possible by definition,
whereas the Majorana masses would mean breaking of the input local metaflavor
SU(N)mr symmetry’.

Most importantly, the orthogonal symmetry for metacolor (3.2) allows to
consider more possible composite configurations than it is in the case of an unitary
metacolor symmetry, as in the conventional SU(3) color for QCD. The above
strengthening of the AM condition, according to which composites only fill a

! Apart from that, it has been generally argued [5] that the nonperturbative effects may not
be analytic in the preon mass so that for the large and small preon masses the theories
may be quite different, thus avoiding this additional constraint.
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single multiplet of the metaflavor SU(N)mr symmetry group, has unambiguously
led us to the composite multiplets ‘P%jk]L)R having the same classical U(1)r
fermion numbers or hypercharges Y1 r as the preons themselves. We argued in the
previous section that these hypercharges may be considered in the valent preon
approximation as the almost conserved classical charges according to which the
preon and composite states could be classified. With all that in mind, one could
assume that there may work some extra selection rule according to which only
composites satisfying the condition

Y, r(preons) = Y r(composites) (3.12)

appear in physical spectrum in the orthogonal left-right metacolor case.

We can directly see that the condition (3.12) trivially works for the simplest
composite states which could be constructed out of a single preon P% or P%, whose
metacolor charge is screened by the metagluon fields A, and A%;l of SO(n)k ¢
and SO(n)R, ., respectively. These composites will also satisfy the general AM
condition (3.5) provided that one admits the n left-handed and right-handed fun-
damental multiplets of the SU(N)nf to participate (in = n). In our L-R symmetric
model, however, such massless composites will necessarily pair up, thus becoming
very massive and decoupling from the low-lying particle spectrum, no matter
the starting L-R symmetry becomes later broken or not. This in sharp contrast to
the models [8] with the orthogonal metacolor group SO(n) for the single chirality
preons, where such massless composite generally appear to be in contradiction
with observations. Moreover, in this case the composite multi-preon states for
quarks and leptons seem hardly to be stable, since they could freely dissociate into
three screened preon states.

One could wonder why the condition (3.12) does not work in the familiar QCD
case with elementary quarks and composite baryons. The point is that, despite
some conceptual similarity, QCD is the principally different theory. The first and
immediate is that the unitary color SU(3)¢, in contrast to the orthogonal ones,
allows by definition no other quark number for baryons but Yg = 3Y,. The most
important aspect of this difference is, however, that the color symmetry SU(3)c is
vectorlike due to which chiral symmetry in QCD is broken by quark-antiquark
condensates with the corresponding zero-mass Goldstone bosons (pions, kaons
etc.) providing the singularity of the three-point function. As a consequence, the
AM condition implies in this case that dynamics requires spontaneous breakdown
of chiral symmetry rather than an existence of massless composite fermions, as
happens in the orthogonal metacolor case discussed above.

We find below in section 3.5 that, though the proposed condition (3.12) looks
rather trivial in the L-R symmetry phase of the theory, it may become rather
significant when this symmetry becomes spontaneously broken.

3.4 Composites - the L-R symmetry phase

So, we have at small distances the preons given by the Weil fields

&OPX (i=1,...,8 a=1,2,3 « =1,2,3) (3.13)
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belonging to the fundamental octet of the local metaflavor symmetry SU(8)m
and to triplets of the metacolor symmetry SO(3)5,c x SO(3)}; which are local
and there is also the accompanying global chiral symmetry

K(8) = SU(8); x SU(8)r (3.14)

of the eight preon species (3.13). At large distances, on the other hand, we have
composites located, respectively, in the left-handed and right-handed multiplets
of the SU(8)mr . '

Wi (216), Yigr(216), (3.15)

where their dimensions are explicitly indicated. The chiral symmetry (3.14), ac-
cording to the AM condition taken, remains at large distances. Due to a total L-R
symmetry of preons and composites the triangle anomalies both at small and
large distances appears automatically compensated. Decomposing the SU(8)mr
composite multiplets (3.15) into the SU(5) x SU(3)r components one has

21618 = [(5+10, 3) + (45,1) + (5,8) + (24,3) + (1,3) + (1,6)] _ , ~ (3.16)

where the first term for the left-handed composites, (5410, 3)1, could be associated
with the standard SU(5) GUT assignment for quarks and leptons [5] extended by
some family symmetry SU(3)r, while other multiplets are somewhat exotic and,
hopefully, could be made heavy to decouple them from an observed low-lying
particle spectrum.

The determination of the explicit form of the wave function for composite
states (3.15) is a complicated dynamical problem related to the yet unknown
dynamics of the preon confinement. We propose that some basic feature of these
composites are simply given by an expression

Wi (%) o eapy (PTvuPls ) v*PY () (3.17)

where indices «, 3, v belong to the metacolor symmetry SO(3) ]K/lc- In the valent
preon approximation, the preon current (3.17) corresponds to a bound state of
three left-handed preons with zero mass (p? = (p1 + p2 + p3)? = 0) being formed
by massless preons (p7 = p3 = p3 = 0) which are moving in a common direction.
It is then clear that a state with a spin of 1/2 (and a helicity —1/2) can be only
obtained by assembling two preons and one antipreon into a quark or lepton. In
a similar way one can construct the preon current ‘i’}. g Which corresponds to a
multiplet of states again with a spin of 1/2 (but a helicity +1/2) composed from
right-handed preons. This is simply achieved by making the proper replacements
in (3.17) leading to the composite states

Whir(X) o €qrprys (fg 1yuPEU) YHPLR (X) (3.18)

where indices o, B/, v’ belong now to the metacolor symmetry SO(3)R, . For the
snnplest composite states which can be constructed out of a single preon Pi or
P1R , whose metacolor charge is screened by the metagluon fields Ay, and A"‘ of
SO(3)k,c and SO(3)R, -, the wave functions may be written as

lyi]_ (X) X A]o_cu’yupﬁ_(x) ’ ‘yiR (X) X ADR(H’YHP& (X) ’ (319)
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respectively.

Let us remark in conclusion that the whole theory so far considered is certainly
vectorlike with respect to preons (3.13), as well as composites (3.15). This means
that, while preons are left massless being protected by their metacolors, all the
L-preon and R-preon composites being metacolor singlets will pair up due to some
quantum gravitational transitions and, therefore, acquire some Dirac masses. We
find below that due to closeness of the compositeness scale Apc to the Planck
scale Mp; the masses of all composites appear very heavy that has nothing in
common with reality. It is rather clear that such a theory is meaningless unless
the L-R symmetry is somehow broken that seems to be in essence a basic point
in our model. One could expect that such breaking may somehow exclude the
right-handed submultiplet (5 + 10, 3)g in the composite spectrum (3.16), while
leaving there its left-handed counterpart, (5 + 10, 3);, which can be then uniquely
associated with the observed three families of ordinary quarks and leptons.

3.5 Composites - partially broken L-R symmetry

We propose that there a partial breaking of the chiral symmetry (3.14) in the
right-handed preon sector of the type

K(8) — SU(8)L x [SU(5) x SU(3)]r (3.20)

For convenience, we consider a supersymmetric model where this breaking may
be caused presumably due to the asymmetric preon condensation

eapy (PAPLPYL) =0, eapry (PERPRPLR) = 808 eanc Al (3:21)

emerging for preon superfields with their fermion and scalar field components
involved. Here antisymmetric third-rank tensors e g+ and e/ p/y+ belong to the
metacolor symmetries SO(3)%, - and SO(3)R, -, respectively, while € qpc (a,b,c =
1,2,3) to the symmetry SU(3)r. Remarkably, the breaking (3.20) is only possible
when the number of metacolors n is equal 3 or 5, as is actually implied in our
model. For the minimal case, n = 3, the vacuum configurations (3.21) could
spontaneously appear in some L-R symmetric model with the properly arranged
high-dimensional preon interactions?

Z {GR" [(PLPLPL) (PLPLPL)]n + GRR [(PrPrPx) (PRPRPR)]n

n=1

+GLR [(PLPLPL) (PRPRPR)]" + GRM(PRPRPL) (PLPLPL)™} (3.22)

with coupling constants satisfying the conditions G5+ = GR® and GER = GRE.
This model is evidently non-renormalizable and can be only considered as an
effective theory valid at sufficiently low energies. The dimensionful couplings G,

% This L-R symmetry breaking model looks somewhat similar to the well-known multi-
fermion interaction schemes used in the other contexts for chiral symmetry breaking [10]
or spontaneous Lorentz violation [11].
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are proportional to appropriate powers of some UV cutoff A which in our case can
be ultimately related to the preon confinement energy scale Anpic, Gn ~ /\‘,{Zg ™. For
some natural choice of these coupling constants one may come to the asymmetric
solution (3.21).

A more conventional way of getting the L-R asymmetry may follow from the
symmetric scalar field potential [5]

U=M?*(®F + @F) + h(Qf + DF)? + N OTOF + P(Or, D) (3.23)

containing two elementary third-rank antisymmetric scalar fields, d)[Li M and @ E i
interacting with L- and R-preons, respectively. For some natural area of the param-
eters in the potential, M? < 0 and h, h’ > 0, and properly chosen couplings for
scalars (I)[Li M and (I),[;jk] in the polynomial P(®, ®r) they may readily develop
the totally asymmetric VEV configuration

<<D[L““> -0, <<D,§j"]> =518 55" Mg (a,b,c =1,2,3) (3.24)

where the mass M r corresponds to the L-R symmetry breaking scale and indices
a, b, ¢ belong to the SU(3)g. Due to these VEVs, the higher dimension terms in the
effective superpotential induced generally by gravity

G i G
= (P Py P ) 07 + 25

Mo Mo (PiRPiRPI) O (3.25)

(Gr,r are dimensionless coupling constants) will change the AM conditions for
right-handed states leaving those for the left-handed ones intact. This modification
is related to an appearance of a new Yukawa interaction for preons

Mir

/eabc(PU)CP( ])P(S) , i G v
Pl

(3.26)

where Pi(,fgs) are, respectively, the fermion and scalar field components of the
right-handed preon superfield P;r. This interaction will give some extra radiative
corrections to the triangle graphs with circulating “family” preons ng) (a =
1,2,3) and their composites. As a result, the triangle anomalies corresponding
to all generators of the SU(8)g, besides those of the [SU(5) x SU(3)]g, are left
uncompensated, that causes the proper decreasing of the chiral symmetry, just as
is indicated in (3.20).

Eventually, while there still remains the starting chiral symmetry for the left-
handed preons and their composites, for the right-handed states we only have
the broken symmetry given in (3.20). Therefore, whereas nothing changes for
the L-preon composites filling the total multiplet 216; in (3.16), the R-preons will
only compose some particular submultiplets in 216 (3.16) which in general may
not include the three right-handed quark-lepton families (5 + 10, 3)g. We can
simply postulate it as some possible ansatz being allowed by the different chiral
symmetries in the L-preon and R-preon sectors in the L-R symmetry broken phase.
Nonetheless, it would be interesting to argue it using the preon number matching
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condition (3.12) which we discussed in section 3.3. Note first that the U(1)g sym-
metry in the right-handed sector reduces after the L-R symmetry breaking (3.21,
3.24) to

UMr = UMY x 2(3)F (3.27)

while the U(1); symmetry is left intact. Here, U(1 )](25) and Z(S)S) stand for the
survived continuous and discrete symmetries of quintet preons Psg (s =1, ...,5)
of SU(5)r and triplet preons Pyr (a = 1,2, 3) of SU(3)g, respectively, which are
thereby separated. Namely, the R-preon hypercharge group in the broken L-R
symmetry phase is given by the product (3.27) rather than the universal U(1)g
for all eight preons, as was in its unbroken phase. Now, if we require the preon
number matching for preons and composites the states collected in (5 + 10, 3)r
will never appear in physical spectrum. Indeed, as one can easily check, both
the U(1 )%5) hypercharge and discrete Z(3)](33) symmetry values for these states
are quite different from those for the preons Psr and Pqr, respectively. At the
same time, all other composite submultiplets in 216 (3.16) readily match the both
symmetry values for preons.

One way or another, the simplest combination of the 216z submultiplets
which may simultaneously satisfy the AM conditions for the [SU(5) x SU(3)]r
symmetry, as well as the above preon number matching condition is in fact given
by the collection

(45,1)r + (5,8 + 1)r +3(1,3)r (3.28)

where the submultiplet (1,3)r has to appear three times in (3.28) in order to
appropriately restore the anomaly coefficient balance for the R-preon composites.
Of course, this collection of states can also appear by its own without any reference
to the preon number matching condition that we have used above as some merely
heuristic argument.

3.6 Physical sector - quarks and leptons

We can see that after chiral symmetry breaking in the sector of the right-handed
preon composites the starting metaflavor symmetry SU(8)mr at large distances is
reduced to the product of the standard SU(5) GUT and chiral family symmetry
SU(3)r

SU(8)mr — SU(5) x SU(3)F (3.29)

presumably with the equal gauge coupling constants gs and gsr at the grand
unification scale. This is in essence the chiral remnant of the initially emerged
vectorlike SU(8)mr symmetry. The massless composite fermions, due to pairing
up of the similar L-preon and R-preon composites and decoupling them from
a low-energy spectrum, are given now by the collection of the SU(5) x SU(3)¢
multiplets

(§+]0,§)L+(24,3)L+2(1,3)R+(],g)R (3.30)

which automatically appear free from both the SU(5) and SU(3) anomalies. They
contain just three conventional families of quarks and leptons plus massive multi-
plets located on the family symmetry scale M. In order to sufficiently suppress
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all flavor-changing transitions, which would induce the family gauge boson ex-
changes, this scale should be at least of the order 10°°® GeV, though in principle
it could be as large as the SU(5) GUT scale. In the latter case, some of the heavy
states in (3.30) could be considered as candidates for the superheavy right-handed
neutrinos. One can argue that the physical composite multiplets (3.30) appear not
only for the triple metacolor, n = 3, but in general case as well. Indeed, using the
remark concerning the generalized AM condition (3.11) and properly extending
the left-handed multiplets in (3.16) and the right-handed multiplets in (3.28) by
the new n — 3 fundamental composite octets [(5,1) + (1,3)]; & to have anomaly
matching for any number n of metacolors, one comes after pairing of the identical
multiplets to the same physical remnant (3.30) as in the triple metacolor case.

It is important to note that the tiny radius of compositeness for universal
preons composing both quarks and leptons makes it impossible to directly observe
their composite nature [12]. Indeed, one can readily see that the quark pair u + d
contains the same preons as the antiquark-antilepton pair T + e that will lead to
the process

u+d-ou+et (3.31)

and consequently to the proton decay p — m° + e just due to a simple rear-
rangement of preons in a proton. To prevent this one should take the compos-
iteness scale Apic of the order of the scale of the SU(5) GUT or even larger,
Amc 2 Mgut &~ 2-10"° GeV, and, respectively, Rpe < 510737 sm.

This limit on the radius of compositeness may in turn cause limits on the
composite fermions masses appearing as a result of the quantum gravitational
transitions of the identical states in the left-handed multiplets (3.15) and right-
handed multiplets (3.28),

(45, r+(5,8+1),r+(1,3)Lr, (3.32)

into each other. From dimensional arguments related to a general structure of the
composites proposed above (3.17), these masses could be of the order

(Amc/Mp1)’Amc

(that corresponds in fact to the 6-fermion interaction of the left-handed and right-
handed preons) and, in fact, are very sensitive to the confinement scale Anmc.
Actually, for the metacolor scales, Mgut < Amc < Mpy, the heavy fermion
masses may be located at the scales from O(1) TeV up to the Planck mass scale.
Therefore, the heavy composite states may be of direct observation interest if they
are located near the low limit, or otherwise they will populate the SU(5) GUT
desert. Interestingly, the screened preon states (3.19)

(5»1)L,R + (1)3)L,R (333)

acquire much heavier masses when being pairing with each other. Again, from the
dimensional arguments one may conclude that these masses has a natural order
(Amc/Mp1)Apnmc thatis significantly larger than masses of the 3-preon states (3.17,
3.18).
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Note that some of the heavy states (3.32) can mix with ordinary quarks and
leptons given by the multiplet (5 + 10,3); in (3.30). Particularly, there could be
the large mixing term of the part (5,3); containing the lepton doublet and down
antiquarks with the multiplet (5,8 + 1)g in (3.32). This term has a form

(5,3)L(5,8 + 1)r(1,3) (3.34)

where (1, 3) stands for some pure “horizontal” scalar field being a triplet of the
family symmetry SU(3)r. Actually, this mixing is related again to the 6-fermion
gravitational interaction of the left-handed and right-handed preons, thus leading
to the nondiagonal masses of the order (Anmc/ Mp1)° M. Thereby, in order not to
significantly disturb the masses of quarks and leptons in (3.30) one has to generally
propose Mr < Apc. This in fact is readily satisfied even for high family scales,
namely, in the case when the scale My is taken near the grand unification scale
MguT, while the scale Ay c near the Planck scale Mp;. The more liberal limitations
appears when that part (5,3); mixes with the screen preon states (5, 1) in (3.33)
due to the same scalar triplet (1, 3) of the SU(3)r. Now, this mixing caused by the
4-fermion interaction leads to the nondiagonal mass of the order (Amc/ Mp1)* Mg
that may be naturally much lesser than diagonal mass (Anmc/Mpi)Amc derived
above for the screened preon state. Nevertheless, depending on real values of the
scales Apc and Mr there could be expected some violation of unitarity in the
conventional 3 x 3 mass matrices of leptons and down quarks which may be of a
special interest for observations. Other mixings of quarks and leptons with heavy
states (3.32) and (3.33) will necessarily include an ordinary Higgs quintet of the
grand unified SU(5) (or a doublet of the SM) and, therefore, are negligibly small.

To conclude, our preon model predicts three types of states which are (1)
three families of ordinary quarks and leptons (5 + 10, 3); in (3.30) with masses at
the electroweak scale, (2) the heavy chiral multiplets (24,3); + 2(1,3)r + (1,6)r
(3.30) with the Majorana type masses at the family scale M = 10°71¢ GeV and (3)
the heavy paired multiplets (3.32) with masses in the interval 103+1? GeV which
are related to the gravitational transition amplitudes of the L-preon composites
into the R-preon ones. However, the most important prediction of the left-right
preon model considered here is, indeed, an existence of the local chiral family
(or horizontal) symmetry SU(3)r for quark-lepton generations which is briefly
presented below.

3.7 The chiral family symmetry SU(3)¢

The flavor mixing of quarks and leptons is certainly one of the major problems that
presently confront particle physics. Many attempts have been made to interpret
the pattern of this mixing in terms of various family symmetries - discrete or
continuous, global or local. Among them, the chiral family symmetry SU(3)f
derived first in the similar preon framework [4] and developed then by its own
by many authors [13-22] seems most promising. As was shown, the spontaneous
breaking of this symmetry gives some guidance to the observed hierarchy between
elements of the quark-lepton mass matrices, on the one hand, and to presence
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of texture zeros in them, on the other, that leads to relationships between the
mass and mixing parameters. In the framework of the supersymmetric Standard
Model, it leads, at the same time, to an almost uniform mass spectrum for the
superpartners, with a high degree of flavor conservation, that makes its existence
even more significant in the SUSY case.

Generically, the chiral family symmetry SU(3)r possesses four basically at-
tractive features:

(i) It provides a natural explanation of the number three of observed quark-
lepton families, correlated with three species of massless or light (m, < Mz/2)
neutrinos contributing to the invisible Z boson partial decay width;

(ii) Its local nature conforms with the other local symmetries of the Standard
Model, such as the weak isospin symmetry SU(2),, or color symmetry SU(3),
thus leading to the family-unified SM with a total symmetry SM x SU(3)f;

(iii) Its chiral nature, according to which both left-handed and right-handed
fermions are proposed to be fundamental triplets of the SU(3)f, provides the
hierarchical mass spectrum of quark-lepton families as a result of a spontaneous
symmetry breaking at some high scale M which could in principle located in the
area from 10°7¢ GeV (to properly suppress the flavor-changing processes) up to
the grand unification scale Mgyt and even higher. Actually, any family symmetry
should be completely broken in order to conform with reality at lower energies.
This symmetry should be chiral, rather than a vectorlike, since a vectorlike sym-
metry would not forbid the invariant mass, thus leading in general to degenerate
rather than hierarchical mass spectra. Interestingly, both known examples of local
vectorlike symmetries, electromagnetic U(1)gm and color SU(3) ¢, appear to be
exact symmetries, while all chiral symmetries including conventional grand uni-
fications [5] SU(5), SO(10) and E(6) (where fermions and antifermions lie in the
same irreducible representations) appear broken;

(iv) Thereby, due to its chiral structure, the SU(3)r admits a natural unification
with all known GUTs in a direct product form, both in an ordinary and super-
symmetric framework, thus leading to the family-unified GUTs, GUT x SU(3)F,
beyond the Standard Model.

So, if one takes these naturality criteria seriously, all the candidates for flavor
symmetry can be excluded except for local chiral SU(3)f symmetry. Indeed, the
U(1) family symmetry does not satisfy the criterion (i) and is in fact applicable
to any number of quark-lepton families. Also, the SU(2) family symmetry can
contain, besides two light families treated as its doublets, any number of additional
(singlets or new doublets of SU(2)) families. All the global non-Abelian symmetries
are excluded by criterion (ii), while the vectorlike symmetries are excluded by the
last criteria (iii) and (iv).

Among applications of the SU(3)r symmetry, the most interesting ones are
the description of the quark and lepton masses and mixings in the Standard
Model and GUTs [13], neutrino masses and oscillations [15] and rare processes
[16] including their astrophysical consequences [22]. Remarkably, the SU(3)f
invariant Yukawa coupling are always accompanied by an accidental global chiral
U(1) symmetry, which can be identified with the Peccei-Quinn symmetry [18]
provided it is not explicitly broken in the Higgs sector, thus giving a solution to
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the strong CP problem [17]. In the SUSY context [19], the SU(3)r model leads to
a special relation between (s)fermion masses and the soft SUSY breaking terms
at the GUT scale in a way that all the dangerous flavor-changing processes are
naturally suppressed. The special sector of applications is related to a new type
of topological defects - flavored cosmic strings and monopoles appearing during
the spontaneous violation of the SU(3)r which may be considered as possible
candidates for the cold dark matter in the Universe [20].

Let us note in conclusion that if the family symmetry SU(3) arises from the
preon model proposed above one can expect that in the emerged SU(5) x SU(3)F
GUT the gauge coupling constants gs and g3r should be equal at the SU(8)mr

P . =0
unification scale. The study of flavor changing processes it — e +v, D° — D,

B°—B° and others caused by the SU(3)f gauge boson exchanges could in principle
show whether the family symmetry has an origin in the preon model or it is,
rather, independently postulated. However, the most crucial difference between
these two cases is related to the existence in the preon model of some heavy
SU(5) x SU(3)r multiplets located at scales from O(1) TeV up to the Planck mass.
If they are relatively light, they may be of direct observational interest by them
own. If they are heavy, they still strongly affect the quark-lepton mass matrices
due to their large mixings with the down quarks and leptons, as was shown in
(3.34). Remarkably, even if the family symmetry SU(3)r is taken at the GUT scale
the difference between these cases is still left. Indeed, now all flavor-changing
transitions due to the family gauge boson exchange will be extremely suppressed,
while for the independently introduced family symmetry these transitions may
significantly contribute into rates of the nondiagonal processes. Moreover, for
the high scale family symmetry one has some natural candidates for massive
right-handed neutrinos in terms of the extra heavy states given in (3.30).

3.8 Conclusion and outlook

We have shown that, apart from somewhat inspirational religious and philosophi-
cal aspects ensured by the Eightfold Way, the SU(8) symmetry as a basic internal
symmetry of the physical world is indeed advocated by preon model for composite
quarks and leptons.

In fact, many preon models have been discussed and considered in the past
(some significant references can be found in [5,6]), though they were not turned
out to be too successful and attractive, especially compared with other theory
developments, like as supersymmetry and supergravity, appeared at almost the
same time. However, there is still left a serious problem in particle physics with
classification of all observed quark-lepton families. As in the hadron spectroscopy
case, this may motivate us to continue seeking a solution in some subparticle
or preon models for quarks and leptons, rather than in the less definitive extra
dimension or superstring theories.

Let us briefly outline the main results presented here. We have started with the
L-R symmetric preon model and found that an admissible metaflavor symmetry
SU(8)mr appears as a solution to the 't Hooft’s anomaly matching condition
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providing preservation of the accompanying chiral symmetry SU(8)r x SU(8)r
at all scales involved. In contrast to a common point of view, we require that
states composed from the left-handed and right-handed preons with their own
metacolors, SO(3)k, ¢ x SO(3)¥, ¢, have to satisfy AM condition separately, though
their triangle anomalies may compensate each other. The point is, however, this
SU(8)mr theory emerges as the vectorlike theory with respect both to preons and
composites. As a consequence, while preons are left massless being protected by
their metacolors, all L-preon and R-preon composites being metacolor singlets will
pair up and, therefore, acquire superheavy Dirac masses. It is rather clear that such
a theory is meaningless unless the L-R symmetry is partially broken that seems
to be a crucial point in our model. In this connection, the natural mechanisms
for spontaneous L-R symmetry breaking have been proposed according to which
some R-preons, in contrast to L-preons, may be condensed or such asymmetry may
be caused by the properly arranged scalar field potential. As result, an initially
emerged vectorlike SU(8) theory reduces down to the conventional SU(5) GUT
with an extra local family symmetry SU(3)r and three standard generations of
quarks and leptons. Though the tiny radius of compositeness for universal preons
composing both quarks and leptons makes it impossible to immediately confirm
their composite nature, the theory necessarily predicts a few special SU(5) x SU(3)
multiplets of composite fermions located at the scales from O(1) TeV up to the
Planck mass scale that may appear of actual experimental interest. Some of them
may be directly observed, the others populate the SU(5) GUT desert. Due to their
mixing with ordinary quark-lepton families there may be expected some violation
of unitarity in the mass matrices for leptons and down quarks depending on the
interplay between the compositeness scale Apc and scale of the family symmetry
SU(3)r.

For the reasons of simplicity, we have not considered here boson composites
which could appear as the effective scalar or vector fields in the theory. Generally,
they will become very heavy (with masses of the order of the compositeness scale
Amc) unless their masses are specially protected by the low-scale supersymmetry.
The point is, however, that some massless composite vector fields could nonethe-
less appear in a theory as the Goldstone bosons related to spontaneous violation
of Lorentz invariance through the multi-preon interactions similar to those given
in the section 3.5 (3.22). In principle, one could start with a global metaflavor
symmetry SU(N)mr which is then converted into the local one through the con-
tact multi-preon interactions [11] or some nonlinear constraint put on the preon
currents (see in this connection [23] and the later works [24]). If so, the quarks
and leptons, on the one hand, and the gauge fields (photons, weak bosons, gluons
etc.), on the other, could be composed at the same order distances determined
by the preon confinement scale Anic. In other words, there may be a lower limit
to the division of matter beyond which one can not go. Indeed, a conventional
division of matter from atoms to quarks is naturally related to the fact that mat-
ter is successively divided, whereas the mediator gauge fields (photons, gluons,
gravitons etc.) are left intact. However, situation may be drastically changed if
these spontaneously emerging gauge fields become composite as well. We will
address this and other related questions elsewhere.
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