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Abstract

The local SL(2N,C') symmetry is shown to provide, when appropriately constrained,
a viable framework for a consistent unification of the known elementary forces, including
gravity. Such a covariant constraint implies that an actual gauge field multiplet in the
SL(2N, C) theory is ultimately determined by the associated tetrad fields which not only
specify the geometric features of spacetime but also govern which local internal symmetries
are permissible within it. As a consequence, upon the covariant removal of all redundant”
gauge field components, the entire theory only exhibits the effective SL(2,C) x SU(N)
symmetry, comprising SL(2,C') gauge gravity on one hand and SU(N) grand unified the-
ory on the other. Given that all states involved in the SL(2N, C') theories are additionally
classified according to their spin values, many potential SU(N) GUTs, including the con-
ventional SU(5) theory, appear to be irrelevant for standard spin 1/2 quarks and leptons.
Meanwhile, applying the SL(2N, C') symmetry to the model of composite quarks and lep-
tons with constituent chiral preons in its fundamental representations reveals, under certain
natural conditions, that among all accompanying SU(N)y x SU(N)g chiral symmetries
of preons and their composites only the SU(8);, x SU(8)r meets the anomaly matching
condition ensuring masslessness of these composites at large distances. This, in turn, iden-
tifies SL(16,C) with the effective SL(2,C) x SU(8) symmetry, accommodating all three
families of composite quarks and leptons, as the most likely candidate for hyperunification
of the existing elementary forces.
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1 Introduction

As is well known, there exists a certain similarity between gravity and three other ele-
mentary forces when considering gravity within a conventional gauge theory framework
[l 2] B]. Indeed, the spin-connection fields gauging the local SL(2,C') symmetry group of
gravity emerge much like photons and gluons in the Standard Model. It is, therefore, con-
ceivable that these spin-connections could be unified with the ordinary SM gauge bosons
in a certain non-compact symmetry group, thereby leading to the hyperunification of all
known elementary gauge forces. In the following, we refer to such theories as hyperunified
theories (HUTS), and specifically as the SL(2N,C) HUT when speaking about integration
of the SL(2,C) gauge gravity with the SU(N) grand unified theory, respectively. We also
designate SU(N) as the "hyperflavor” symmetry and fields located in its representations
as the "hyperflavored” fields.

In fact, there are many classes of models in the literature where unification of gravity
and other interactions goes through a unification of the local Lorentz and internal symme-
tries in the framework of some non-compact covering symmetry group [4, Bl [0} [7]. Their
difficulties are well known and, to varying degrees, they generally appear in the SL(2N, C)
HUT as well [§]. Firstly, the vector fields in the total gauge multiplet of this group are
always accompanied by the axial-vector fields which must be somehow excluded from the
theory as there is no direct indication whatsoever of their existence. Then, while vector
fields are proposed to mediate ordinary gauge interactions, tensor fields must provide the
minute gravity interactions to align with reality. The crucial point lies in the fact that,
whereas in pure gravity case, one can solely consider the action being linear in the curvature
(R) constructed from the tensor field, the unification with other interactions necessitates
the inclusion of quadratic curvature (R?) terms as well. Consequently, tensor fields in these
terms will induce interactions comparable to those of the gauge vector fields in the Stan-
dard Model. Moreover, the tensor fields, akin to the vector ones, exhibit now the internal
SU(N) symmetry features implying the existence of the multiplet of hyperflavored gravi-
tons rather than a single neutral one. Apart from that, such R+ R? Lagrangians for gravity
are generally known to contain ghosts and tachyons rendering them essentially unstable.
And lastly, but perhaps most importantly, a potential pitfall in hyperunified theories stems
from the Coleman-Mandula theorem [9] concerning the impossibility of merging spacetime
and internal symmetries. It is worth noting that this theorem initially surfaced precisely in
connection with one of the special cases of SL(2N, C), specifically the SL(6,C) symmetry
[10], used a long time ago as a possible relativistic version of the global SU(6) symmetry
model describing the spin-unitary spin symmetry classification of mesons and baryons [11].

In contrast, we aim to demonstrate here how, in the SL(2N,C) HUT framework, these
difficulties can be naturally be overcome in the way as yet unexplored. The key idea is that
the extended gauge multiplet in the SL(2N,C') theory — comprising generally the vector,
axial-vector and tensor field submultiplets — is suitably constrained by the associated tetrad
multiplets which are assumed to not only determine the geometric features of spacetime,
but also control which local internal symmetries and associated gauge field interactions
are permitted in it. Specifically, we propose that the actual gauge multiplet I, arises as
result of the tetrad filtering of some ”prototype” nondynamical multiplet Z,, which globally



transforms similarly to I,, but, unlike it, does not itself gauge the corresponding fermion
system. These two multiplets are connected in a covariant way using the tetrads e, and e
that, instead of being imposed by postulate, can be incorporated into the theory through
the Lagrange multiplier type term

1 2
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where C is an arbitrary constant. This term, upon variation under the multiplet Z,,, yields
the filtering condition, I, = e,Z,e’ /4, mentioned above. Consequently, the gauge multiplet
I,, retains only those components of the prototype multiplet Z,, which result from the tetrad
filtering. In other words, the prototype multiplet Z,, becomes partially dynamical to the
extent permitted by the tetrads.

Now, in the case of standard or strictly orthonormal tetrads, such filtering excludes
the tensor fields in the gauge multiplet I,,, as we demonstrate below. However, when
the tetrad orthonormality condition is slightly broken, the appropriately weakened tensor
fields come into play. This occurs in a way that their interaction essentially decouples
from other elementary forces and effectively adheres to the Einstein-Cartan type gravity
action. The corresponding curvature-squared terms constructed from the filtered tensor
fields appear to be vanishingly small and can be disregarded compared to the standard
strength-squared terms for vector fields. As a result, the entire theory effectively exhibits
a local SL(2,C) x SU(N) symmetry rather than the unified SL(2N,C) symmetry, which
solely provides the structure of total multiplets for gauge and matter fields in the theory.
Consequently, this naturally leads to SL(2,C) gauge gravity on one hand and SU(N)
grand unified theory (GUT) on the other, thereby effectively bypassing the constraints of
the Coleman-Mandula theorenl.

The paper is organized as follows. In Section 2 we provide a standard presentation of
the SL(2,C) gauge gravity which is then discussed using the filtering approach. Section
3 introduces the filtered SL(2N,C) HUT which ultimately lead to the SL(2,C) gauge
gravity in conjunction with the SU(N) grand unified theory. Section 4 examines specific
HUT models with particular focus on the SL(16,C) theory giving rise to the SU(8) GUT
with all three families of composite quarks and leptons that is studied in some detail.
Finally, our summary is presented in Section 5.

2 SL(2,C) gravity
2.1 Standard framework

We first present the SL(2,C) gravity model, partially following the pioneering work [3].
Let there be a local frame at any spacetime point where the global SL(2,C) symmetry

Tt is worth noting in this connection that, though the Lagrange multiplier term () formally breaks
gauge invariance of the entire hyperunified SL(2N, C) theory, the local SL(2,C) x SU(N) symmetry in it
remains unbroken.



group acts. According to this symmetry, the basic fermions of the theory transform as

U —QU, Q=exp {i@abfy“b} (2)

where the matrix  satisfies a pseudounitarity condition, Q=1 = v,Q% v, (the transfor-
mation parameters 0, are assumed to be constant for now). Furthermore, to ensure the
invariance of their kinetic terms, z@’y“@u\k one needs to replace y-matrices in them with
a set of some tetrad matrices e which transform like

et = Qer1 (3)

Generally, the tetrad matrices e” | as well as their conjugates ey, contain the appropriate
tetrad fields e and e}, respectively,

Cu =€V =" (4)
which transforms infinitesimally as
ue 1 wa, be ub_ac
dett = §9ab(e n’¢ — e’ (5)
They, as usual, satisfy the orthonormality conditions
enen =0y, eZef =0} (6)
and determine the metric tensors in the theory

1 174 1 14 v
v = Tr(eues) = ehelny o = TTr(ehe") = clieln™ ™)

Going now to the case when the SL(2,C) transformations (2) become local, 8, =
4 (), one have to introduce the spin-connection gauge field multiplet I,, transforming as
usual

1
I, — Qo - @(aﬂg)ml (8)

thus providing the fermion field by covariant derivative
¥ — D,V =0,V +igl,V (9)
where g presents the gauge coupling constant extracted for later convenience. The I,

multiplet gauging the SL(2,C) has by definition the form

1
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where the flat spacetime tensor field components 7}, transform as

a 1 ac a C C| ac 1 Qa
0T = SOl (T ™ = T) = (TP = T = 0,00 (1)



The tensor field T),(,5) may in principle propagate, while the tetrad e/ is not considered
as a dynamical field. So, the invariant Lagrangian built from its strength

. 1 a
IMV = G[MIV] + Zg[I;mIV] = ZT;BVb]’Yab
ab] [ab] lac] [bd]
T = T + T, T (12)
can be written in a conventional form
1 v a v -
eLo = gcle TH) | e=[-detTr(ete”)/4] 7"/ (13)

(where k stands for the modified Newtonian constant 87/M32,;) once the commutator for
tetrads and some of standard relations for y-matrices have been usedd. This is, in fact,
the simplest pure gravity Lagrangian taken in the Palatini type formulation. Indeed, its
variation under the tensor field gives the constraint allowing to express it through the tetrad
and its derivative that reduces eLg to the standard Einstein Lagrangian. It is written with
the scalar factor e which, while irrelevant for SL(2,C') gauge invariance itself, provides an
extra invariance of the action under general four-coordinate transformations GL(4, R) as
well [3].

Meanwhile, in presence of fermions, the gauge invariant fermion matter coupling given
by the covariant derivative (@] [I0) implies the extra tensor field interaction with the spin-
current density
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This is a key feature of the Einstein-Cartan type gravity [2] which eventually results in,
apart from the standard GR, the tiny four-fermion (spin current-current) interaction in
the matter sector

K (U7 °0) (Ty ) (15)

On the other hand, one could augment the linear curvature Lagrangian (I3]) with the
curvature squared terms, thereby rendering some tensor field components dynamical. It
is known that theories of this type are strongly constrained to a specific form to ensure
freedom from ghosts and tachyons [12]. Expressed in terms of tensor field strengths, the
acceptable quadratic curvature part in them appears as

eL?) = Q(T&VTES + T&Vngeﬂceydepaegb — 4T5)”Tgfeﬂcepb) (16)

o

2We give here some of them used throughout the paper

Y= il M =T e =0
[ryab7 rya’b’] _ Qi(nab’ryba’ + nba’ryab’ _ naa’rybb’ _ nbb’,yaa’)
Tr(v*y™) =A™ =00, Tr(y* ) = 4088, - 6263)
Tr(,yab,ya/b’,ya”b”) _ 4i[naa’(na”b'nbb” _ na”bnb’b”) + nab/ (na”bna/b” _ na’a”nbb”)
+na’b(naa”nb'b” _ na”b/nab”) + nbb’ (na’a”nab” _ na’b”naa”)]

where 1 in the above is the 4 X 4 unit matrix.



Actually, such a theory contains, apart the graviton, some superheavy scalar excitation
S(07) with a mass, m% ~ M2%/Q, that can hardly be observed unless the numerical
parameter @ in (I6) is exceedingly large.

2.2 Tetrad filtering case

As previously mentioned, the SL(2,C) gauge gravity is implied as a part of the unified
set of all elementary forces assembled in the SL(2N,C) symmetry framework. This raises
a key issue of how to reconcile the exceptionally weak gravitational force related to the
tensor fields with the significant Standard Model forces associated with the vector field
submultiplet. The corresponding Lagrangian generally includes terms that are linear and
quadratic in the strength of the entire gauge field multiplet (each with independent coupling
constants). Interestingly, as is shown later, the linear terms pose no problem, as they only
generate gauge gravity, governed by its own coupling constant (related to the Planck mass,
as usual). However, the quadratic terms for the tensor fields share the same dimensionless
coupling constant as the vector field interactions, which is certainly unacceptable. We
propose that the tensor field quadratic terms might become negligible due to the minuscule
nature of the filtered tensor fields themselves, while the vector fields remain unaffected by
this filtering process. Whereas it would be particularly noteworthy to immediately consider
this scenario within the entire framework of SL(2N,C') theory, we nonetheless begin by
examining the pure tensor field case to elucidate the proposed tetrad filtering mechanism
in greater detail.

In this regard, we propose that the gauge field multiplet 7, (I0) stems from some
prototype nondynamical multiplet Z,,, which globally transforms akin to I,,, but does not
gauge the matter fermions. They are connected in a covariant way through the tetrads
involved

1 1
I, = ZeJIHeO, 7, = Zﬁ[am“” (17)

when the Lagrange multiplier term (1) in the gauge gravity Lagrangian is varied under
the nondynamical Z,, multiplet. However, one can easily find that, as follows from the
vy-matrix algebra?, and, in particular, from the identity

77y =0 (18)

the gauge multiplet [, with the strictly orthonormal tetrads (@) automatically vanishes.
This means that the theory only possesses the global SL(2,C) symmetry in this limit and
gauge gravity is in fact absent.

The gauge multiplet I, may only appears if the tetrads are no longer orthonormal but
their orthonormality conditions (@) include some vanishingly small deviations

ehey =0y teqy, ehen =0, +ep,  (e<k1) (19)

given by the infinitesimal tensors eqy and epj, (with the tiny constant parameter ¢) ,
respectively. Indeed, now the gauge multiplet [, comes to
1 ab € c ab.d
L = 3 Tuany™ = 1 Tulat) (777" (20)
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being solely determined by the tiny tensor eg;. Multiplying the both sides by 'y“/b/ and
taking the traces in them one can readily find using the v matrix algebra? the relation
between the tensor fields themselves

3

= (Tupda — Tujad@s + Tijar)de/2) = €T yjay) (21a)

Tyjan) = 3

Thus, the starting prototype, while nondynamical, tensor field multiplet 7,1, is pre-
dominantly extinguished and only its minuscule portion emerges in the gauge multiplet
Tjab)- Remarkably, the filtering process triggers an important suppression mechanism in
the SL(2,C) gauge gravity theory that allows it to be reformulated solely in terms of the
weakened tensor field multiplet €T ,(44). This multiplet is, in fact, the product of the proto-
type tensor field 7,qy with the infinitesimal tensor eqy which describes the tiny deviation
in the modified orthonormality conditions (I9) for tetrads.
Analogously, the metric tensor will also include such a deviation which we define from
the similar equation
ezeau = Guv + Tuv, eg‘e“” = g'ul/ + rHv (22)

Multiplying the basic equations (I9]) by the proper tetrads one can readily find relations
between the deviations

b b b
Puey = dven (pP)pey = (q@)pey,  (p--p)u€y = (@--)rey, (23)
so that all deviations can be expressed in terms of the ¢ parameter only. Such ¢-depending
deviation appears in the metric tensor in (22)) as well provided that one requires general
covariance for the metric tensor g,

b b b

= e’} (24)

_ b a v
=—e€, + €,Cav€ [

v b v
Gue”” =€), Tuve

where we have also used the deviation equations (I9). Multiplying then the both sides by
epp one finds

run (65 + pY) = elqben, (25)
which after multiplying by the conjugated factor 672 — pf finally gives

ruv =~ [eq) — €% (q)})efen (26)

up to the second order terms in g. With the same accuracy the metric tensors acquires the
form

G = im0y — eay +€%(a0)s), Gy = 85, + O(e?) (27)
and, respectively,

Nap == Guvehiel [55 — eqf + £%(qaq)§), napn™ = 05 + O(e?) (28)

The exact expressions for them can be symbolically written as

| (29)

b
1
Juv = eﬁeﬁﬁbc |: ] s Nab = guuegeg |:
b

1+eq], 14 ¢€q
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transparently showing their modification compared to the standard case ().
In the following, we assume for simplicity that the above deviation tensors are traceless
(¢% = ply = 0) being arisen from some symmetric traceless tensors

a = mped™ ™, P4 = guop™”? (30)

For such a choice, despite the nonzero deviations in ([I9) the tetrad matrix orthonormality
condition remains its form

1 ~ ~
Jene! =T+eggn’/4=1 (31)

Interestingly, the modified orthonormality conditions (I9) may be considered as those
that appear due to condensation of the tetrad which can be written in the form

ey, =0,h+e,, e, =0 (32a)
where
h=(1-ewey/4)'? (33)

Such a form provides the vacuum expectation value for the tetrad field e,

(en) =Yy (34)

which represents an extremum of the action with @Z and h being as the effective zero
mode and Higgs mode, respectively. This could be considered quite an ordinary example,
if tetrads were treated as the dynamical fields in the SL(2,C) gauge theory that is not
actually supposed. However, nothing prevents the above conditions from being seen as a
would-be spontaneous breakdown of the local frame SL(2,C) symmetry for tetrads, while
the theory is still left Poincare-invariant.

Although tetrads are not considered as dynamical fields in the theory, one can take,
nonetheless, that the above conditions cause a would-be spontaneous breakdown of the
local frame SL(2N,C) symmetry for tetrads.

The basic Lagrangian for the SL(2, C') gravity will now result in the appropriate analogs
of the gravity and matter field Lagrangians (3] [[4]), respectively. Indeed, the minimal
gravity Lagrangian (I3]) remains practically the same form

1
eLg = ﬂe@eg}Tl[be} (35)

though the tensor field strength 7),,(q; has been properly modified according to the rela-

tions (20, 21al) taken
ab

ab] __ ab ab] __ [ad] lac] m[bd]
T =T, T = 0, T + egne T T

V]

(36)
Remarkably, once the tiny parameter € is absorbed in the gravity constant , the tensor
field strength T,[fyb} acquires the modified gauge coupling constant eg for the new tensor
field Tklb]. Such a modification will also appear for the matter coupling

eLy} = —%GadeTu[ab]egﬁ’Yd%‘I’ (37)



and for the possible quadratic tensor field strength terms
eLy = 2Qu L) (38)

where, for generality, the latter is taken to contain all possible combinations of the tensor
field strength bilinears with tetrads, each with an arbitrary @, constant.

In this context, the propagation of the tensor field Tklb] in the hyperunified SL(2N, C)
theory seems to be irrelevant. In fact, its kinetic term contained in (38]), in sharp contrast to
the ordinary kinetic terms of the vector (and axial-vector) fields, scales as 2 and therefore
can be neglected. As in the standard case considered above, the variation of the total
linear Lagrangian in (B3] B7]) under prototype tensor field TEI bl just leads to the constraint
equation rather than the normal equation of motion. Meanwhile, the variation of total
gravity Lagrangian with respect to the tetrad e, leads immediately to the equation of
motion of the Einstein-Cartan type gravity.

In conclusion, it is worth noting, that one might believe that all the above modifications
are merely fictitious as a simple rescaling of the tensor field T, = TL /e seemingly restores
the standard case albeit with slightly broken general covariance due to the deviations
in tetrads (I9). However, this rescaling trick only works for pure gauge gravity with
local SL(2,C) symmetry and appears inappropriate in the framework of SL(2N, (') gauge
theory. In reality, the weakness of the filtered tensor field is exclusive to the tensor field
submultiplet and does not extend to the entire gauge multiplet of SL(2N,C) containing
also the vector and axial-vector fields. Consequently, it cannot be circumvented by mere
rescaling, as we show in more detail later in Section 3.4.

3 Toward SL(2N,(C) hyperunification

3.1 Basics of SL(2N,C)

In general, the SL(2N,C) symmetry group encompasses, among its primary subgroups,
the aforementioned SL(2,C) symmetry, which covers the orthochronous Lorentz group,
and the internal U(N) symmetry group (including the hyperflavor SU(N) symmetry).
Indeed, the 8N? — 2 generators of SL(2N,C) are formed from the tensor products of the
generators of SL(2,C) and generators of U(N) so that the basic transformation applied to
the fermions looks as follows

) 1
0 = exp {% [(9’“ + w’g%) L iafgyabAK} } (K = 0,k) (39)

Here, among the A\ matrices, A\* (k = 1,...,N%2 — 1) represent the SU(N) Gell-Mann
matrices, while \” is the unit matrix 1 corresponding to the U(1) generator (all # parameters
may be constant or, in general, depend on the spacetime coordinate). Hereafter, we use the
uppercase Latin letters (I, J, K) for the U(N) symmetry case, while the lowercase letters



(i,7,k) for the SU(N) symmetry ondd.
For description of the fermion matter in the theory one needs again to introduce the
generalized tetrad multiplet

en = (€25, + €4E 775 A (40)

which transforms, as before, according to (B]) where the transformation matrix is now given
by equation (B9). Despite its somewhat cumbersome extension which generally appears
in the SL(2N, C) framework, it would be natural for tetrad flat space components in (40
to essentially have the same form as in the pure gravity case. This implies that such
an extension might not include the axial-vector part that could be reached through the
gauge invariant constraints put on tetrads. In fact, one can introduce for that some special
nondynamical SL(2N, C) scalar multiplet in the theory

S = exp{i[(s* + ip"y5) A" + thyAK 2} (41)

which transforms like as S — Q5. With this scalar multiplet one can form a new tetrad
in terms of the gauge invariant construction, S~'eS. So, choosing appropriately the flat
space components in the S field one can turn the tetrad axial part to zero and establish
symmetry between Greek and Latin spacetime indices [10].

The issue still lies in the fact that the tetrads in (40, along with a neutral component,
also include the SU(N) hyperflavored components, making it impossible to treat them as
standard vielbein fields that satisfy the orthonormality conditions (6). As one can see, a
strict limitation on the form of tetrads exists for these conditions to be upheld. Indeed, let
them generally have the covariant SL(2N,C) form

’ / / ’
aK pK :AgKK eaK vK :AZKK (42)

_ _aK K
e =€, YA, €, € € €q

with some still unspecified constructions AI()’K K" and AZK K" which for a pure gravity case
should satisfy the standard arrangement

00 00
AT =46y, AT =9, (43)
Then multiplying the conditions ([@2) by the tetrad multiplets e?* "and ed " respectively,
one come after simple calculations

aK _ AaKO0 _b0 K’ _ AbK'0_p0
€ = Ay €, g = A" ey (44)

3Some useful relations for the \ matrices which will be used below are given here

[)\k7)\l] _ 27/.]¢-k:l7n)\7n7 {)\k7)\l} _ 2(6kl/1\+ dklm)\m)
MNANF = AL AN =0, Tr( ) = N

The connections with a standard choice of the SU(NN) matrices are given by the links

NK = VENTE, % = /NJIF*, a9 = \/NJ2D"*



that finally gives
AgKK — AgKOAgKO (45)

and correspondingly
AZKK — AZKOAZK 0 (46)

As a result, for the constant and multiplicative form of these functions one unavoidably
comes to the only possible solution

’ / / / / /
6aI( uK :A(gKK :51?51(051(0 ’ eaKeVK :AZKK :5Z6K05K0 (47)

I €p un “a
which essentially mirrors the pure gravity case. Consequently, the orthonormality condition
for tetrads is consistent with the SL(2N,C') symmetry only if they belong to its SL(2,C)
part rather than the entire group

eZK = eZéKO (48)

This may appear as result of the spontaneous violation SL(2N, C) in the tetrad sector, as
we will argue later.

Once the SL(2N, C) transformation (B9) becomes local one also need, as ever, to in-
troduce the gauge field multiplet I, transforming as usual

1
I, —» QL0 - —(0,0)0! (49)
g
thus providing the fermion multiplet by covariant derivative
oY — D,V =0,V +igl,V (50)

with universal gauge coupling constant g of the proposed hyperunification. The /,, multiplet
includes in general the vector and axial-vector field submultiplets, and also the tensor field
submultiplet

. 1 .
(Vj + zAﬁfy5> A STE A (K = 0,k) (51)

I,=V,+A,+T, = 1L

N |

as follows from its decomposition to the flat spacetime component fields. Just the ten-
sor fields provide gravitational interaction in the SL(2N,C) HUTs that, aside from the
standard linear curvature Lagrangian for gravity (I3]), includes the conventional quadratic
strength terms for all gauge field submultiplets involved. This, as mentioned, poses the
crucial problem how one can selectively suppress tensor field interaction in these terms if
the tensor fields are members of the same gauge multiplet I, as vector and axial-vector
fields and, therefore, should interact with the same coupling constant g. Fortunately, the
filtering mechanism described above for the pure gravity case allows for a natural com-
bination of the strong internal symmetry forces related to the vector fields with the tiny
quadratic curvature gravity.
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3.2 Filtering with standard tetrads

We begin by considering the tetrad filtering condition applied directly to the general gauge
multiplet itself (5I)) that could make the nature of this condition clearer. Essentially, we
impose the covariant constraint of the form

I, =esl,e” /4 (52)

using the "neutral” tetrads (48] which are only permitted in the theory@. This yields

1
Iy = eg®eg™ (1, A 1P AK) (53)
which, upon employing the orthonormality conditions of the tetrad (A7), results in the
equality

Lok gk K abyK _ L (17k k k

5 <VN + ’LA ) )\ + 4Tu[ab]’ya )\ = 5 (V ’LA ’75> )\
This implies that the reduced gauge multiplet (53)) comprises solely the vector fields

I, = VXt /2 (54)

while the axial-vector and tensor field submultiplets vanish identically. Remarkably, by
imposing the covariant constraint (52]) the starting SL(2N, C') symmetry group is effectively
reduced to the pure unitary SU(N) symmetry case. In a sense, the constraint acts as a
symmetry-breaking mechanism, but unlike typical scenarios, nothing remains of the original
SL(2N,C) gauge sector except its SU(N) part.

Now, as claimed, we propose that the gauge field multiplet 7, (&I)) is ”originated” from
the prototype nondynamical multiplet Z,, as per the underlying filtering condition (TI).
Their connection in the SL(2N,C) symmetry framework acquires the form

1 L ok oK' K7  b\K'
I, = Zeal'ue” 4e§ ep (Ve AT LY AT) (55)
utilizing the "neutral” tetrads (48] permitted in the theory.

The point is, however, that again, as in the pure gravity case (I9]), the tensor field
submultiplet TH ulab] completely disappear when filtered by tetrads satisfying the standard
orthonormality conditions (47]). Indeed, using them one immediately comes to the filtering
relation

1
Iy = JeoTue” = (v - zA’f%) Ak /2 (56)

showing that, while tensor field submultiplet is cancelled, the vector and axial-vector ones
practically remain in the gauge multiplet (GI) except that the axial-vector fields change

4This constraint when properly reiterated converts to an infinite series of constraints
I,=ei...ex I,e7°...7 /4% (s =1,2,..)

which all lead to the same outcome though.
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the sign. In principle, one could use it to eliminate them from the theory as well. This
simply follows when one adds to the condition (55]) the double filtering term as well

I, = é (exZye” + epesLye’ el [4) = VL)\Z/2 (57)
Comparing this with (54]) we can conclude that such filtering is equivalent to the case when
the constraint is applied directly to the gauge multiplet itself (52)). However, in contrast,
the prototype multiplet Z,, appears to be free from any constraint. Remarkably, on one
hand, for the filtering case (&1, one can covariantly transition from the original SL(2N, C)
group to the SU(N) symmetry gauged by the vector fields. However, on the other hand,
the tensor fields that could induce gravity also disappear from the theory.

3.3 Filtering with modified tetrads

For incorporation of tensor fields in the gauge sector, it is necessary, as in the pure gravity
scenario discussed in Section 2.2, to go to tetrads which are not strictly orthonormal. In
such a scenario, the tensor field multiplet will emerge within the filtered gauge multiplet
I,, once the orthonormality conditions turns out to be slightly shifted

el et = (58 + eqf) KO0 | eaK K = (5% 4 epfy) 6K 0K (58)

being determined again by the tiny tensors egy and epj, (e < 1), respectively. Analogously,
the metric tensor deviation in the general SL(2N, C) follows from a similar equation

eZKeéf, = (v + 17)0 06" (59)
that actually works for neutral components
630621/ = Guv + Tuv (60)
and finally gives for the metric tensor
g = €€, [0 — g+ °(q4);) (61)

being identical to that in the pure gravity case (21)).
Actually, tetrads can again be regarded as those which are condensed, thus having the
form

K 0\ sKO0 0
ey = (0h+e))on", dhe’ =0 (62)
where the effective Higgs mode h and zero-modes éﬁo are similar those given above in

conditions (B2aH34]). These conditions suggest now a spontaneous-like breakdown of the
local SL(2N, C) symmetry for tetrads even though they are not considered as dynamical
fields in the theory.

The form (62)) remains, in fact, the original pure gravity case form for neutral tetrad
component, while the SU(N) flavored tetrad components are absent in the theory.

Note that a right choice of tetrad components is of primary importance since, as in the
above pure gravity case, just the tetrad-filtered gauge multiplet is proposed to operate in the
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extended SL(2N, () theory. As a consequence of the modified orthonormality conditions
for the tetrads taken above (58]), one has, after using the identity

@77 = VeV = 40y = 0 (63)

for the symmetrical and traceless tensor ¢® (B0), a unique form for the filtered gauge
multiplet I,

k _ ; gk k K by K
I, = (vu . Z.AM")/E;) N2+ ST A (642)
It is noteworthy that, in contrast to the standard tetrad case (56, it also contains the
tensor field submultiplet which is given by an expression

Tfj[ab} = (7;[[(170} qg - 7;1[20} qg)/z (653‘)

This actually extends the pure gravity case (2Ial) in a sense that the hyperflavored tensor
field components Tﬁ [ab] also come into play. However, as we see later they appear insignif-
icant only contributing into the tiny four-fermion (spin current-current) interaction in the
fermion matter sector.

As one can readily confirm, the vector and axial-vector submultiplets in the gauge
multiplet (5II) remain unaffected during the filtering process (unless the special constraint
(B2) excluding the axial-vector field in the theory is applied). Meanwhile, the tensor
field components appear again, as in the pure gravity case, to be completely controlled
by the tetrad orthonormality deviations egj and, therefore, are significantly weakened.
The product of the deviation tensor g; with the prototype tensor fields ’El[(a b defines the

new tensor field multiplet Tff[ab} ([65al), through which and tiny parameter ¢ the theory is
ultimately expressed. The hyperunification of the basic elementary forces in this theory
does not preclude the tensor field submultiplet from having the vanishingly small quadratic
strength terms being scaled as €2 and, as a consequence, can be neglected. Therefore, as
we confirm below, the final theory tends to the conventional Einstein-Cartan type theory
for gravity coupled with the gauge SU () theories for other interactions.

3.4 Gravity inducing tensor fields

Let us now construct the field strength for the gauge multiplet I, in the SL(2N, C) hype-
runified theory
Ly =01, +igll, L] = (V + A)p + T (66)

which includes the terms corresponding the vector, axial-vector and tensor field submul-
tiplets, respectively. Expressed through the prototype Z,, multiplet components according
to the taken filtered form (64al), this strength tensor comes to

1 : Lo i i i
To = 50 (V5 —idbys) A= 570 (V= idiys) (0 — i)\t

g ab ‘69 a a'b / /!
= (T A i LRI (N Ay ) (67)
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Similarly, the gauge invariant fermion matter couplings, when given in terms of the Z,
submultiplets, take the form

Ly =50 {e“, B (Ve = i) X+ %Tfj[abﬂaw(] } \/ (68)

As one can readily observe, the vector and axial-vector fields interact everywhere in
(67) and (68]) with the universal gauge coupling constant g of SL(2N,C). In contrast,
all tensor field terms incorporate the aforementioned tiny parameter €. Consequently, the
total Lagrangian will contain the conventional quadratic strength terms for the vector and
axial-vector fields, while in the first order in the parameter € only the linear strength terms
of the tensor fields emerge, alongside the fermion matter couplings. The quadratic strength
terms of the tensor field multiplet, which would provide its propagation and an ordinary
gauge interaction, scale as €2 and are therefore negligible in this regime.

Leaving aside for the moment vector and axial-vector fields, we now focus on the hy-
perunified gravity Lagrangian taken in the Palatini type form

eLg ~ Tr{le! el } (69)

In the SL(2N, C) case the strength tensor I,,,, apart from tensor submultiplet, comprises
the vector and axial-vector submultiplets as well. However, due to the neutral tetrad chosen
([@8)) and their commutator given by

[eh, e¥] = —2iet0ek0ab (70)

one can easily confirm that the they do not contribute to the gravity Lagrangian (69)).
Eventually, for the tensor field strength in (67)) one has, after taking the necessary
traces of products involving v and A\ matrices, the following gravity Lagrangian

eLg = i <(9[HT:}MO + egnch{Zc]KTl[zd]K) elVert (71)
The gravity constant k is assumed to absorb here one power of the tiny parameter € (along
with the factor N associated with the internal U(N) symmetry). Consequently, the new
tensor fields T,[fb}K appears in the Lagrangian eLg with the effective coupling constant
€g rather than g, as the vector and axial-vector fields do in their own quadratic strength
Lagrangians. In a similar way, one has for the fermion matter Lagrangian of the tensor
submultiplet in (G8])

eL(l) = —%eadeTﬁab}Teé‘owd)\Kvg’\I’ (72)

where couplings of the tensor fields with the neutral and flavored spin density currents also
appear with the same effective coupling constant eg.
Notably, in the Lagrangian ([I]), there are only kinetic terms for the neutral tensor field

component T,[fb}o, while the interaction terms contain the entire U(N) multiplet T%Zb]K.
This implies that only the neutral tensor field truly gauges gravity, while the SU(N)

flavored ones Tgfb]k are simply given by the corresponding spin currents e“deTegcvd)\kvf’\I’.
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[ab]O
(1

Lagrangian e.C(;—l—eEg\?, one arrives at the Einstein-Cartan type gravity containing, besides

the usual GR, the tiny 4-fermion spin density interaction

When they both, T and T,[f b]k, are independently eliminated from the entire tensor field

ER (W%WE’)\K\P) (T NED) (73)

which in contrast to the standard case [2] includes the flavored four-fermion interaction
terms as well, albeit further weakened by the small parameter e.

We have already mentioned in Section 2.2 that the weakness of the tensor field induced
gravity may look fictitious since it might be circumvented by a simple rescaling of the field
itself. However, as follows, this rescaling trick only works for pure gauge gravity with local
SL(2,C) symmetry. In the framework of SL(2N, C') gauge theory, where the tensor field is
proposed to be unified with ordinary vector and axial-vector fields which interact with the
O(1) coupling constants, rescaling is not an option. The point is that the weakness of the
filtered tensor field is exclusive to the tensor field submultiplet and does not extend to the
entire gauge multiplet I, (64al) of SL(2N,C). As a result, it cannot be overcome by mere
rescaling. Indeed, rescaling of only the tensor field submultiplet T, = TL /€ inside I, is not
permitted by the SL(2N, C) gauge invariance in the theory, nor by the filtering condition
(@ itself. Conversely, rescaling of the entire multiplet I, = I}, /¢, while "normalizing” the
tensor field part in total Lagrangian, will ”denormalize” the vector and axial-vector field
terms,

LV, AeT) = L'V Je, A [, T') (74)

This necessitates a new rescaling of the entire multiplet I ;L =el Z which bring us back to
the initial point with the tiny filtered tensor field. Thus, both cases render the rescaling
scenarios untenable.

3.5 Hyperflavor mediating vector fields

Turn now to the vector and axial-vector fields which are the basic spin-1 carriers of the
hyperflavor SU(N) symmetry in the SL(2N,C) theory. Their own sector stemming from
the common strength tensor (7)) looks as

1 o o 1
A k k k
eLVA) = _Z[awvy} —gf" (V;W, + .AL.AJV)]2 — Z[ﬁ[MAy}]Q (75)
where, as one can see, the vector fields acquire a conventional gauge theory form, while
the axial-vector field couplings break this gauge invariance. At the same time, as follows
from the matter sector of the theory (G8]), the vector fields interact with ordinary matter
fermions

eﬁg\‘/l/) = —%Viﬁegofy“)\iqf (76)

while axial-vector fields do not, thus being sterile to them.
Generally, one could try to adapt the axial-vector fields to reality though there is no
sign of they actually existing. The traditional way would be to make these axial-vector
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fields superheavy through some enormously extended Higgs sector remaining, at the same
time, vector fields gauging the Standard Model massless or enough light. This seems to
be quite difficult since the axial-vector fields want to follow the same pattern of the mass
formation as the vector fields do. Anyway, despite the gauge SL(2N,C) invariance in
the theory, the very presence of the axial-vector fields breaks the gauge SU(N) invariance
related to the vector fields, thus only leaving the global SU(N) symmetry in the theory.

In this connection, a rather interesting way could be if these axial-vector fields were
condensed at some Planck order scale M, thus providing a true vacuum in the theory,
<AL> = nLM, whose direction is given by the unit Lorentz vector nz. Remarkably, in this
vacuum, as is directly seen, gauge invariance for the vector fields is completely restored,
though a tiny spontaneous breaking of the Lorentz invariance at the scale M may appear.
More details about such a possibility can be found in the recent paper [8].

A more radical approach, as mentioned earlier, would be to impose the specific filtering
condition (B7) which essentially corresponds to an existence the constraint in the theory
being applied directly to the gauge multiplet itself (52)). This filtering condition automati-
cally excludes the axial-vector and tensor fields from the gauge multiplet I, when one uses
the standard tetrads. However, for the modified tetrads, that satisfy the slightly shifted
orthonormality conditions (58]), one ultimately obtains, in contrast to (7)), the total gauge
multiplet I, having the form

I, = VA2 + %Tff[ab]fy“b)\K +0(?) (77)

This multiplet, in addition to the flavor-mediating vector gauge fields of the local SU(N)
symmetry, incorporates the appropriately damped tensor fields that underlie the gravity
sector in the hyperunified theory (terms of order 2 are disregarded for simplicity).

3.6 Symmetry breaking scenario

It is clear that hyperunification of all elementary forces supposes that, while gravity may
have an unique linear tensor field strength Lagrangian Lg of the type given in (1), the
quadratic strength terms of other components of gauge multiplet I, are naturally unified
in their common SL(2N, (') invariant Lagrangian. The tiny quadratic terms for the tensor
fields containing the O(2?) and higher order terms appear unessential compared to the
strength bilinears for vector fields. So, hyperunification definitely rules out the quadratic
curvature terms for tensor fields in the filtered SL(2N,C) gauge theory. The only place
where tensor field submultiplet manifests itself is the SL(2,C) gravity gauged by its tiny
neutral component eTg[ab}. Accordingly, one eventually has for a gauge sector of the unified
Lagrangian

1
eLy =eLg — Zvjvak (78)

containing, apart from the Einstein-Cartan type theory, the standard SU(N) invariant
vector field part (provided that the axial-vector fields are properly filtered out of the theory
in the way described above).

A conventional breaking scenario of the SL(2N,(C) invariance in the theory would
depend in general on the proper set of scalar fields which could break this invariance first
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to the intermediate SU(N) x SL(2,C) symmetry and then to the Standard Model. In our
case, however, one does not need to cause the first stage of symmetry breaking since, as is
readily seen in (77, all the gauge submultiplets related to the "nondiagonal” generators of
SL(2N,C) are properly weakened (tensor fields) or completely filtered out of the theory
(axial-vector fields).

As to the internal SU(N) symmetry violation down to the Standard Model one actually
need to have the adjoint scalar multiplets of the type

¢ = (6" +idg vs + by /2N (79)
which transform under SL(2N,C) as
d — Q0! (80)

It generally contains, apart the scalar components, the pseudoscalar and tensor components
as well. However, as in the above gauge multiplet case, one can use again the tetrad
projection mechanism to filter away these ”superfluous” components, just like as it was

done in (57

1
o = g(eUi’e" + e e, Pe%e’ /4)

where ® is some prototype scalar field multiplet. As a result, with tetrads satisfying the
orthonormality conditions (58)) there is only left the pure scalar components in the SU(N)
symmetry breaking multiplet ®

d=g¢"N  (k=1,.,N?-1)

providing (with other similar scalar multiplets) the breaking of the SU(N) GUT down to
the Standard Model. The final symmetry breaking to SU(3). X U(1)en, is provided by extra
scalar multiplets whose assignment depends on which multiplets are chosen for quarks and
leptons.

3.7 Final remarks

We have observed that the filtered tensor field only manifests when the orthonormality
conditions for tetrads are appropriately shifted, as argued earlier in (58). This, in turn,
leads to a slight modification of the metric tensor (GIl), indicating a tiny departure from
general covariance, albeit in a controllable manner determined by the minute parameter €.

Nevertheless, it is conceivable to manage the filtering mechanism in a way that preserves
general covariance. This could only be achieved if there exist two types of tetrads satisfying
the orthonormality conditions

K K" = gagKOgK'0 - gl piK — (50 4 eqf) 5 05K"0 (81)

where the primary tetrad e adheres to the standard orthonormality condition, while the
auxiliary tetrad I exhibits a slight non-orthonormality deviation egj’. One can additionally
require the entire Lagrangian to remain invariant under the reflection transformation

e—e, FE——-FE (82)
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This ensures that the tetrad E, in contrast to the primary tetrad e solely parametrizes the
spacetime background and does not participate in the matter fermion terms. Consequently,
while the tetrad E essentially determines the filtering condition I, = E,Z,E°/4, a van-
ishingly small violation of general covariance, caused by its approximate orthonormality
condition in (8I]), appears beyond the scope of the Einstein-Cartan gravity emerged.

In this context, there are indeed numerous instances in physics where the consideration
of a manifold equipped with two distinct vielbein fields becomes necessary. This notably
occurs in bimetric theories, where two disparate metrics are defined on the same spacetime
manifold, including the case when one of the metrics is nondynamical [I3]. Importantly,
this concept extends to certain formulations of bigravity theory, which could potentially
serve as a base for the massive gravity [14] [15].

Nevertheless, despite the possibility of employing two metrics within the framework of
the SL(2N, C) gauge theory, the case with the single metric, even if general covariance is
slightly broken, appears to be more economically viable. Consequently, we have proceeded
with this version in our hyperunified model.

4 From hyperunification to GUTs

4.1 SU(5) and its direct extensions

Let us now consider more closely how the SL(2N, C) type model can be applied to some
known GUTSs starting with a conventional SU(5) [16] which would stem from the SL(10,C)
HUT. In this case some of its low-dimensional multiplets of the chiral (lefthanded for
certainty) fermions can be given in terms of the SU(5) x SL(2,C) components as

P, 10=(52) (83)
Urfai, i) = Yrfiji{abt + Yigijias, 45 = (10, 3)+ (15, 1) (84)

where we have used that a common antisymmetry on two or more joint SL(10,C') indices
(ia, jb, kc) means antisymmetry in the internal indices (7,75, k = 1,...,5) and symmetry
in the chiral spinor ones (a,b,c = 1,2), and vice versa (dimension of representations are
also indicated). One can see that, while the SU(5) antiquintet can easily be constructed
(B3], its decuplet is not contained in the pure antisymmetric SL(10,C') representations
(B4). Moreover, the tensor (84]) corresponds in fact to the collection of vector and scalar
multiplets rather than the fermion ones.

Note in this connection, that all GUTs where fermions are assigned to the pure anti-
symmetric representations seem to be also irrelevant since the spin magnitude of appearing
states are not in conformity with what we have in reality. The most known example of
this kind is the SU(11) GUT [17] with all three quark-lepton families collected in its one-,
two-, three-, and four-index antisymmetric representations. No doubt this GUT should
also be excluded in the framework of the considered SL(2N,C) theories. Actually, for the
right 1/2 spin value of ordinary quarks and leptons these theories should include more
complicated fermion multiplets having in general the upper and lower indices rather than
the pure asymmetric ones. The point is, however, that such multiplets appear enormously
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large and contain in general lots of exotic states which never been detected. This could
motivate to seek a possible solution in the composite nature of quarks and leptons for
whose constituents — preons — the SL(2N, C) unification might look much simpler.

4.2 SU(8) with composite quarks and leptons

Following the recent discussion [18], we introduce N lefthanded and N righthanded preons
being the fundamental multiplets P, and Pﬁ; o, Of the vectorlike "metaflavor” SL(2N, C)
HUT symmetry (i = 1,..., N; a = 1,2) times some local left-right ”metacolor” SO(n)y x
SO(n)r symmetry (o = 1,...,n; o/ = 1,...,n) binding preons inside quarks and leptonﬁ.
Both of these symmetries are obviously anomaly-free and the numbers of metaflavors (NV)
and metacolors (n) are not yet determined. The metaflavor symmetry describes preons at
small distances as well as their composites at large ones. They are produced individually
from the lefthanded and righthanded preons due to confining forces of the above meta-
color symmetry. Some of these composites, including the observed quarks and leptons,
are expected to be much lighter than their composition scale. For that, the accompanying
chiral symmetry SU(N)p, x SU(N)g of the preons should be preserved at large distances
in a way that — when it is considered as the would-be local symmetry group with some
spectator gauge fields and fermions — the corresponding triangle anomaly matching con-
ditions [19] are satisfied. Namely, the SU(N)? and SU(N)3% anomalies related to N
lefthanded and N righthanded preons have to individually match those for lefthanded and
righthanded composite fermions being produced by the SO(n);, and SO(n)r metacolor
forces, respectively.

Moreover, as is turned out, just this condition, when being properly strengthened,
can determine the particular metaflavor symmetry SL(2N,C) in the theory. Indeed, we
first assume that all composites, both lefthanded and righthanded, have just the three-
preon configuration (n = 3), thus fixing the metacolor symmetry to SO(3)r, x SO(3)g.
And second and most importantly, they belong to a single representation of their chiral
symmetries SU (N )y, and SU(N)g, respectively, rather than to some set of representations.
Then it turns out that among all their third-rank representations the anomaly matching
condition holds individually only for multiplets of the type 1/)@ L and 1/)@ iR (i,j,k =
1,2,...,N), that gives the unique solution to the number of preons N, both lefthanded and
righthanded,

N%?/2-7N/2—-1=3, N=38 (85)

This means that among all possible chiral symmetries only the SU(8)z x SU(8) g symmetry
can in principle provide masslessness of lefthanded and righthanded fermion composites at
large distances. This in turn identifies — among all metaflavor SL(2N,C) symmetries —
just SL(16,C) as the most likely candidate for hyperunification. Note that, in contrast to
the above global chiral symmetry, in the local SL(16,C) metaflavor theory, being as yet
vectorlike, all metaflavor triangle anomalies are automatically cancelled out.

5By tradition, we call them the "metaflavor” and ”metacolor” symmetry, while still referring to the
SU(N) subgroup of SL(2N, C) as the hyperflavor symmetry.
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Turning now from the chiral symmetry multiplets T/Jﬁ' jL,R to the corresponding SL(16, C)

composite multiplets \Ifﬁz jb|1,r On€ can write them in terms of the S U(8)xSL(2,C) com-

ponents as the collection
k k k

which contains some spin 1/2 and 3/2 lefthanded and righthanded composite fermion
submultiplets. Meanwhile, as one can easily confirm, among all submultiplets in (86) only
the (216,2)r r ones satisfy individually the anomaly matching condition for the chiral
SU(8)r, and SU(8)r symmetries, respectively. As a result, all the other submultiplets
there have then to acquire superheavy masses. This actually means that only the SU(8) x
SL(2,C) subgroup of the SL(16,C) HUT symmetry survives at large distances where
the composite fermions emerge. Surprisingly enough, this is consistent with what we had
above, albeit from a different perspective. Namely, the filtered SL(2N, C) gauge theory, in
which only neutral tensor field and vector field multiplet remain, turns out to be effectively
reduced to the SU(N) x SL(2,C) invariant theory. Now, in the composite model, for the
particular case of metaflavored symmetry SL(16,C'), this independently follows from the
preservation of the accompanying chiral symmetry SU(8); x SU(8)r at large distances,
thus leading to the theory with the residual metaflavor symmetry SU(8) x SL(2,C).

Remarkably, the above (216,2)7, g submultiplets being decomposed into the standard
SU(5) GUT and family symmetry SU(3)r looks as

(216,2).r = [(5+ 10, 3) + (45,1) + (5,8 + 1) + (24,3) + (1,3) + (1,6)].r (87)

where the first term in the squared brackets, when taken for lefthanded states in 216,
describes all three quark-lepton families being the family symmetry triplets. However,
there are also the similar righthanded states in 216 in our still vectorlike SL(16,C') theory.
This means that, while preons are left massless being protected by their own metacolors,
the composites (87) being metacolor singlets could in principle pair up and acquire the
heavy Dirac masses.

To avoid this for the submultiplet of physical quarks and leptons in (87), (5 + 10,
3)L, one may propose, following the scenario developed in [18], some spontaneous break-
ing of the basic L-R symmetry in the theory. This is assumed to follow from the sec-
tor of righthanded preons that reduces the chiral symmetry of their composites down to
[SU(5) x SU(3)|g. Actually, such a breaking may readily appear due to a possible con-
densation of massive composite scalars which unavoidably appear in the theory together
with composite fermions. This means that, though the massless righthanded preons still
possess the SU(8)r symmetry, the masslessness of their composites at large distances is
now solely controlled by its remained [SU(5) x SU(3)]r part. Thus, while nothing really
happens with the lefthanded preon composites still completing the total multiplet (216, 2)r,
in (87), the righthanded preon composites with their residual chiral symmetry no longer
include all submultiplets given in (216,2)r. Very remarkably, the corresponding anomaly
matching condition ”organizes” their composite spectrum in such a way that the submul-
tiplet (5 + 10, 3)g is absent among the righthanded preon composites. As a result, all
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the lefthanded submultiplets in (216,2)y,, except the (5 + 10, 3)r, will then pair up, thus
becoming heavy and decoupling from laboratory physics [18].

Accordingly, once the L-R symmetry is violated in the theory, the vectorlike metaflavor
symmetry SU(8) x SL(2,C'), while still working for preons, will also break down to its sub-
group [SU(5) x SU(3)r] x SL(2,C) for their large-distance composites. So, one eventually
comes to the conventional SU(5) GUT [16] together with the extra local SU(3)r family
symmetry [20] describing just three standard families of composite quarks and leptons.
Both types of the triangle anomalies, SU(5)®> and SU(3)%, emerging at this stage are
properly cancelled out in the theory.

The further symmetry violation is related, as was mentioned above, to the adjoint
scalar field multiplet ® (79]) which in the present context breaks the SU(5) to the Standard
Model. As to the final breaking of the SM and accompanied family symmetry SU(3)p, it
appears through the extra multiplets Hli®ibkeld] anq X[ia,jb] @4 X{ia jb} of SL(16,C),
respectively. These multiplets contain, among others, the true scalar components which
develop the corresponding VEVs and give masses to the weak bosons, as well as the flavor
bosons of the SU(3)r. They also generate masses to quarks and leptons located in the
lefthanded fermion multiplet (86 87) through the SL(16,C) invariant Yukawa couplings

1 ja me,n

v [ o kb1 .C Ve nflL ]H{b ROLmenI (6, X ie1d) + DuXficiay)

1 ja me,n

M [ fra, kb]LC‘I’[zc me|L ]H{b kbl [me. f]}(adX[ld,nﬂ + baX fidnfy) (88)

with different index contraction for the up quarks, and down quarks and leptons, respec-
tively (¢,7,k,l,m,n =1,...,8; a,b,c,d, e, f = 1,2). The mass M stands for some effective
scale in the theory that in the composite model of quarks and leptons can be related to
their compositeness scale, while a,, 4 and b, 4 are some dimensionless constants of the order
of 1. Actually, these couplings contain two types of scalar multiplets with the following
SU(8)x SL(2,C) components — the H multiplet H{l@#blimenfl} containing the true scalar
components

HUkmnl{labllef1} (70, 1) (89)

and symmetric and antisymmetric y multiplets, X ;e gy and xj;

ic,1d)» Whose scalar compo-
nents look as

Xiitjled) (28, 1) Xjeqpfi3 (36, 1) (90)

Decomposing them into the components of the final SU(5) x SU(3)r symmetry one finds
the full set of scalars

70 = (5,1)+(5,1) + (10, 3) + (10, 3)
28 = (5,3)+ (10,1) +(1,3)
36 = (5,3)+(15,1) + (1,6) (91)

containing the SU(5) quintets (5,1) and (5,1) to break the Standard Model at the elec-
troweak scale Mgy and the the SU(3)p triplet and sextet, (1,3) and (1,6), to properly
break the family symmetry at some large scale Mp. One may refer to the scalars (89) and
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[@0) as the "vertical” and "horizontal” ones, respectively, which are actually the simplest
choice to form the above Yukawa couplings. Working in pairs in them, they presumably
determine masses and mixings of all quarks and leptons. And the last but not the least,
they may be indeed composed, in the model considered, from the same preons as quarks
and leptons [18].

5 Conclusion

We have investigated the potential of the local SL(2N,C) symmetry to unify all funda-
mental forces, including gravity. The key idea is that this symmetry can be ”trimmed
down” in a controllable covariant way by the accompanied tetrad fields. These tetrads are
assumed not only determine the spacetime geometry but also function as a kind of dis-
cerning filter, dictating which local symmetries can operate within spacetime and how the
related elementary forces interact via gauge fields. As a result of this filtering, the theory
ends up with a simpler and more effective symmetry, SL(2,C) x SU(N), that translates
to two separate but interacting parts: the local SL(2,C) symmetry describes gravity as a
gauge force, while the local SU(N) symmetry represents a grand unified theory for other
forces.

For the gravitational part, its unification with other interactions necessitates the in-
clusion of quadratic curvature terms in the gravitational sector. However, this would be
experimentally unacceptable since the coupling constant in these terms may typically be
comparable to that of vector fields. Fortunately, despite both vector and tensor fields are
located in the same SL(2N, C) gauge multiplet, the tensor field submultiplet appears natu-
rally suppressed through the tetrad filtering that enables the neglect of quadratic curvature
terms. An essential problem related to this type of HUT models is also a possible presence
of ghosts being related to the tensor rather than vector submultiplet of the SL(2N,C)
gauge multiplet. But, again, as the quadratic strength terms of tensor fields appears to be
significantly diminished in the theory this problem is proving to be quite surmountable.
As a result, one eventually comes to the conventional Einstein-Cartan type gravity with
an extra four-fermion (spin current-current) interaction ({73]) properly suppressed in the
theory.

For the grand unification, in turn, since all states involved in SL(2N, C) theories are
additionally classified by spin magnitude, the SU(N) GUTs with purely antisymmetric
matter multiplets, including the usual SU(5) theory, turn out to be irrelevant for the
standard 1/2-spin quarks and leptons. Meanwhile, the SU(8) grand unification with the
certain mixed representation for all three families of composite quarks and leptons, arising
from the SL(16,C) theory, appears to be particularly interesting and was studied in some
detail. Indeed, starting from N lefthanded and N righthanded preons being fundamental
multiplets of the "metaflavor” SL(2N,C) symmetry one can show, under some natural
conditions, that among all possible chiral symmetries only the SU(8); x SU(8)r sym-
metry meets the anomaly matching condition and can in principle ensure masslessness of
lefthanded and righthanded fermion composites at large distances. This, in turn, identifies
— among all metaflavor SL(2N, C') symmetries — just the SL(16,C) one as the most likely
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candidate for hyperunification of all elementary forces.

At the same time, it is important to clarify that SL(2N,C) hyperunification does not
imply a single universal coupling constant for gravity and other interactions, as is usually
assumed in unified theories. Instead, it suggests that all these forces are provided by
vector and tensor fields being the members of the same SL(2N,C) gauge multiplet. A
universal constant is indeed necessary for the standard quadratic strength terms of vector
and tensor fields. However, the pure gravitational interaction has a fundamentally different
coupling, linear in the tensor field strength (7I]). This unique coupling arises solely due to
the presence of tetrads, which are essential ingredients for an SL(2N, C) invariant theory.
It comes with its own independent coupling constant (1/2x), conventionally related to the
Planck mass. Significantly, the vector (and axial-vector) fields cannot have these linear
strength terms alongside the standard quadratic ones.

Finally, we should emphasize the special role of tetrads and their orthogonality condi-
tion (58)) within the entire SL(2N, C) theory framework. The key point is that, irrespective
of the filtering process, tetrads should be truly neutral, devoid of any SU(N) hyperflavored
components. Otherwise, they cannot be treated as standard vielbein fields satisfying the
invertibility conditions. Remarkably, only such tetrads perform the filtering process that
significantly weakens the tensor field submultiplet, while leaving the vector and axial-vector
fields unaffected. The axial-vector fields may pose some problem in the theory, which, as
argued earlier, could be resolved through their condensation [8] or a double filtering mech-
anism that completely expels them from the theory. However, there exists an essentially
different approach that could generically solve this problem just for the tetrads considered.
Notably, unlike the vector and tensor fields, axial-vector fields have no direct coupling with
fermion matter, as was demonstrated above. This suggests a new scenario for hyperunifica-
tion, wherein all gauge fields of the SL(2N, C') symmetry appear as the composite bosons
formed by fermion pairs, rather than being elementary fields. This approach, well-known
for decades as a viable alternative to conventional quantum electrodynamics [21], gravity
[22], and Yang-Mills theories [23] 24, 25], has never been applied to noncompact unified
symmetries. In such a scenario, where only the global SL(2N,C) symmetry is initially
postulated for the pure fermionic Lagrangian with appropriately filtered fermion currents,
one could expect that only composite vector and tensor fields emerge in an effective gauge
theory, while axial-vector fields are never formed.

Another avenue for further study concerns the phenomenological aspects of the theory.
The spontaneous breaking of the SL(2N,C) HUT through the filtered SL(2,C) x SU(N)
symmetry down to the Standard Model and below will lead to many new processes caused
by generalization of both gravity and SM sectors due to new particles and new couplings,
as partially discussed above.

We may return to these important issues elsewhere.
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