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Abstract

We construct the O14 algebra in terms of the tensorial representations of its
SU; subalgebra. Subsequently, we construct the gauge-invariant boson-fermion
coupling, and decompose it completely into terms exhibiting color SU; and
family SU; symmetries. A picture of the particle spectrum emerges where
quarks and leptons, as well as vector bosons, would appear as singlets or triplets
with respect to family SU;s. Accordingly, we conjecture the possible existence
of a 4th generation of fermions, as well as the imminent existence of other
W -like vector bosons, in high-energy collider experiments.

1 Introduction

The Oy4 Lie algebra is a consolidating framework for an SU; grand unification! 2 [3]
model. It is also the maximal internal symmetry that emerges in an 18 dimensional
gravidynamic unification!! of the spacetime and internal symmetries of four generations
of quarks and leptons. With the advent of high-energy collider experiments, it is very
important that we can have deeper understanding of such extended unification theories,
with the purpose of deriving some observational implications.

The fundamental multiplet of Oy4 to which the fermionic Weyl particles could belong
has 64 components. These would contain two 16’s and two 16*’s of the O subalgebra.
Hence, normally, in the sense of Oy or SU; grand unification’s ¥ [7 they would be
regarded as describing two generations of quarks and leptons together with their marror
conjugates (with regard to low-energy weak interactions). However, the decomposition
of the 64-component multiplet with respect to the SU; subalgebra takes the form:

64=1+7+21"+35 (1)

Here, the 7 is the fundamental SU; multiplet, while the 21 is a 2nd rank antisymmetric
SU7 tensor, and the 35 is a 3rd rank antisymmetric SU; tensor.

Our purpose in this article is to present a description of the Oq4 unification model in
terms of SU; and its subsequent decomposition into a color SUz and a family SUjg
subalgebras. The new picture that shall be uncovered pertains to the multiplicity of
the weak bosons, the understanding of whose phenomenology may evade the rather
entgmatic picture that is associated with mirror generations.
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In the following section, we shall start by formulating the Oy4 algebra in terms of the
formalism that pertains to its SU; subalgebra. We then proceed to construct the gauge-
invariant boson-fermion couplings in a decomposition of SU; exhibiting color SU3 and
family SUj;.

2 The Oy4 Algebra in SU; Notation

The generators of the Oy4 algebra are 91 in number. They are composed of the SU; gen-
erators .J,”, this being traceless J,* = 0, a U generator .J, and conjugate generators Qg
and Q. The latter are antisymmetric SU; tensors. Notice that the indices (a, b, c, - - -)
will be used to correspond to the fundamental SU; multiplet, a = 1,2,...,7, and a
summation over repeated indices is always implied.

We begin by writing the commutators that pertain to the SU; subalgebra. We have
[Jabv ch] = (5cb‘]ad - 5adJcb) (2)

Of course, the U; generator J would commute with J,°. Now, with regard to the
commutation relations of Q,, and Q% with J and J,°, we first have

[Ja Qab] = %Qab
[J Qab} _ _lQab (3)
) Vi

And we have

[Jabu ch] = 5Cand - 5deac - %dszcd

[Jaba QCd] = _6achd + 5adec + %5abQCd
The Oq4 algebra is completed with the followings:

[Qaln ch] =0
0%, =0 ®
[Qab: QCd} = \% (5acécd - 6ad5bc) J+ (5achd - 5adeC + 5bd<]ac - 5chad)

Notice that the following quadratic (Casimir) operator commutes with the generators J,
T2, Qup, and Q, and all the Jacobi identities involving these generators are satisfied.

1 1
J2 + Jabea + EQaanb + iQaanb (6)
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3 The Adjoint Multiplet

The adjoint multiplet of the Oq4 algebra is a set of components that correspond to the
generators. For example, let us introduce the module

1 1
A=AJ+ A" + §Aaanb + §A“anb (7)

Here A, is traceless, A, = 0, while A, and A® are antisymmetric in their SU;
indices. Introducing another similar module B, with components { B, B,”, By, B®}, we
can compute the commutator [A, B], to obtain a new adjoint module F. From the Oy4
algebra, we can easily obtain the components of F as composites of the A and the B
components:

[ F = 2= (A" By — AwB™)

Fab — (ACLCBCb . AchaC) o (AacBbC _ Achac) - 5ab (ACdBCd _ Achcd)

1
7

(8)
Fop = _\% (ABuy — A B) + (Ad“Bye — Ap°Bae) + (Aae By — ApeBa)

ab __ 2 ab ab a Rbe b pac acp b bep a
\ F _W(AB —A B)—(ACB —A’B )—(A B — A Bc)
We can use the above result in order to obtain the Oy4 infinitesimal transformations for
the components of the adjoint module B. This is done simply by substituting €2 for A
in the above. Hence, with an adjoint parameter multiplet {€2, Qb Qs Q) we obtain
the following infinitesimal transformations:

(6B = & (2" Buy — QuB™)

(SBab = — (Qachb — chBac) - (QacBbc - chBac) - %(sab (QCdBcd - chBCd)
(9)

5Bab = (QBab - QabB) + (QacBbc - chBac) + (QacBbc - chBaC)

_2
VT

| 0B = Z (QB® — Q"B) — (Q."B" — QB*) — (Q*B." — Q"B.")

Under the above transformations, defined for any two adjoint modules A and B, the
following bilinear is left invariant:

1 1
A-B=AB+ ASB° + §AabB“b + §A“bBab (10)

4 The Fundamental Spinorial Multiplet

The fundamental multiplet of O4 has 64 components. This comes from the fact that
a spinor in 14 dimensions has 27 = 128 components. However, this can be decomposed

The SU; Structure of O,4 and Boson-Fermion Couplings by N.S. Baaklini 3



N.S.B. Letters NSBL-EP-014

into two chiralities, each of which would correspond to an irreducible representation of
dimension 64. As mentioned earlier, the 64 components of a fundamental O, multiplet
would decompose like 64 =1+ 7 + 21* 4+ 35, with respect to SU;. Hence, in order
to construct a fundamental module, we introduce the operators K, K,, K%, and K.
Here, K% and K. are antisymmetric in their SU; indices. We now write the com-
mutators of these operators with the generators of Oy4. First, we have the following
commutators with the U; generator J:

(
[ K] = 5K

[J7 Ka] - _QL\ﬁKa
(11)

[,], Kab] — 2i\ﬁK'ab

L [J7 Kabc] - Kabc

__1_
2V/7
The followings are the commutators with the SU; generators J,”:

(([J, K] =0
[J2> Kc] = (Scha - %511ch

[0, Ke4] = — (8,°K% — 6,7 K" — 25,"KK°)

[J37 che} = 5chade - 5deace + 5ebKacd - %5achde

\

The followings are the commutators with the generators @ :

( [Qabu K] =0
[Qaba Kc] - Kabc
(13)
[Qaln KCd} = - (5ac(5bd - 5ad5bc) K
. [Qabu che] = %Eabcdengfg
The followings are the commutators with the generators @ :
( [Qab’K} —_ _Kab
[Qab’ Kc} =0
[Qab’ ch] _ %Ezzbcdengefg (14)
((5d“(56b — (5db(5e“) K.+ ((5Cb(56“ — 56“(5€b) Ky
[Qaba che:| =
+ (6ca§db - 5cb§da) Ke

\
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We can verify that the Jacobi identities involving any two Oq4 generators with either
of K, K,, K, or K., are all satisfied.

Now, in order to be able to write Lagrangians for Weyl fermions, we must also introduce

the conjugate representation with operators K*, K K., and K.

This would be

needed to represent the Dirac conjugate of the fermion field. Again, K, and K¢

are antisymmetric SU; tensors.

followings:

( x] N
[ K] =YK

1K) = S5 Ke
[Ja Kab] = _QL\ﬁKab

\ [J’7 Kabc] — 2%ﬁ}(abc

The commutators with the SU; generators J,? are:

( [J K] =0
[J.h K¢] = —6,°K® + 16, K°

[Jaby ch} = 5chad - 5deac - %5achd

[Jab7 che} _ _5aCKbde + 5adece _ (5a€Kbcd + %5achde

\

The commutators with the generators ()., are:

\

( [Qabu K*] = Kab

[Qaba KC] =0
[Qab; KCd] = _%Eabcdefg[(efg

(85857 — 0,98,%) KC° + (8,56, — 6,0,) K*
[Qab; che] —

+ (8,26, — 5,°6,7) K©

The commutators with the generators Q are

( [Qab,K*] -0

Qab Kc] _ _Kabc

[
Q. Kea] = (504" — 6.26,%) K
[

Qab che} _ _%eabcdengfg

\
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Again, the Jacobi identities involving any two O14 generators with either of K*, K¢,
Ka, or K% are all satisfied. On the other hand, with the two conjugate sets of
generators, we can construct a quadratic (Casimir) operator of the following form,

1 1
KK + KKy + 5 K+ 5KabCKabC (19)
and verify that it commutes with all the O14 generators.
We are now ready to introduce the fundamental multiplet and its conjugate. This can
be done by writing modules of the following forms,

B=BK*+ B,K*+ %B“b[(ab + %Bach“bc

(20)

B*=B*K + B*K, + %BabK“b + %B“bCKabc

In order to obtain the infinitesimal transformations of the above conjugate multiplets,

and the gauge coupling later on, we need to compute the commutator of the following
adjoint module A with any of the above,

1 1
A=AJ+ ALT + 5AabQ‘“’ + §A‘“’Qab (21)

Computing the commutator of the adjoint module A with the fundamental module B
we obtain a fundamental module F. Using the preceding commutation relations, we
obtain for the components of F,

( F= —YTAB+14,B®
b c
Fa = %ABCL - Aa Bb - %Ab Babc

{ P = 3 AB® 4 A%B — ASBY 4 AMBY — Letbdelo g B (22)

NG

F #ABabc - AabBc + AaCBb - AbCBa
abc —

_Aadecd + Adeacd - Achabd - %eabcdengderg

Also, computing the commutator of the adjoint module A with the fundamental module
B* we obtain a fundamental module F*. Using the preceding commutation relations,
we obtain for the components of F*,

(= TAB* — LA"B,,

\

a __ 5 a a nRc 1 abc
Fo=— 2 AB"+ A B + 1 A,.B
Fab = %ﬁABab — AabB* + AacBbc - Achac + TgeabcdengCdBefg (23)

_#ABabc_i_AabBc _AacBb+Acha
Fabc —

AdaBbcd . Adeacd + Achabd + %Eabcdengderg

\
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Substituting €2 for A in the foregoing expressions, we can obtain the infinitesimal Oq4
transformations that pertain to the components of the fundamental B module and its
conjugate B*. Hence, with an adjoint parameter multiplet {€, Q,%, Qu5, 2%}, we obtain
the following infinitesimal transformations for the fundamental B multiplet:

(6B =—YQB +10,,B"
0B, = Q\LﬁQBa - QabBb - %chBabc

IB® = —352QB® + Q"B — Q" B" + Q."B* — $;e**/9Q4B (24)

efg

#QBabc - QabBc + QacBb - Qcha
6Bzzbc =

_Qadecd + deBacd - chBabd - ieabcdefgﬂderg

\

For the fundamental B* multiplet, we obtain

p

(SB* — gQB* _ %QabBab
a __ 5 a a nRc 1 abc
OB® = —5=QB" + Q. B + 1B
{ 5Bab = %iﬁQBab — QabB* + QaCBbC - chBac + %EabcdengCdBefg (25)

—ﬁQBabc + QabBc _ QacBb + chBa
6Babc —

QdaBbcd . deBacd + Qchabd + Llleabcdengderg

\

The above infinitesimal transformations would leave invariant, the following bilinear
associated with the fundamental B and B* modules:
1 1

B*-B=B*B+ BB, + §BabB“” + gB""CBabc (26)

5 The Oy Gauge-Invariant Fermionic Lagrangian

Let us consider Weyl fermions ¥ that belong to a fundamental O14 module (like the
above B), with Dirac conjugates ¥ that belong to the conjugate module (like B*). The
coupling of these to vector bosons V), that constitute an adjoint Oy4 module, would
come from the gauge-invariant Lagrangian,

ViV, 0 VU =3, —i[V,, V] (27)

Hence, we shall construct the fermionic kinetic bilinears and the coupling terms:

U(iy-0)U WUy [V, V] (28)
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Hence introducing SU; components {¥, Va, Y, Yape }, and their corresponding Dirac
Conjugates {4h, % gy, 12}, for the fermionic multiplet, and gauge boson components
{V, V.2, Veb Vet our strategy for constructing the invariant coupling is by starting
with the invariant bilinear,

_ _ 1 - 1 -
%DF + waFa + §wabFab + gwachabc (29)

and then building the F components from the commutator [V, ¢], as we have detailed in
the preceding section. The followings are the resulting coupling terms, suppressing the
vector indices that are carried by the components of 1V, and the Dirac gamma matrices:

(VI + 5=V e — 35 Via ™ + 5V 6 ane
_‘/tzb'l/ja’yqujb + ‘/ab,&bc’ywac - %Vabi}aCd’ydjbcd
+1Vapthyp® — IVopp®eyah, — LIV b yyibe s,

\ +%Vab1/)ab7¢ - %Vabwc’ywabc - Q_ZEabcdefgvawade’yz/}fg

All the indices in the above expression pertain to the fundamental multiplet of SU;. In
the followings, we shall split these indices into three sectors: a first index denoted by 1
and corresponding to a particle of charge —1, a tri-valued index denoted by (i, j, k, . . .)
and corresponding to Charge = quarks and color SUjs, a tri-valued index denoted by
(r,s,t,...) and corresponding to neutral particles and family SUs. Hence, the electric
charge operator, for the fundamental multiplet of SU~, takes on the diagonal eigenvalues,

111
Q = diag{—1, =

According to the prescribed splitting, we shall introduce the components of ¥, ¥, and V,
with somewhat familiar particle terminology. You will notice that, since we are dealing
with Weyl fermions, we shall use the symbol (e) to denote any electron-like particle
(charge —1), and (e*) any positron-like particle. We shall use the symbol (v) to denote
any neutrino-like particle (charge 0), and (v*) the antiparticle. We shall use the symbol
(u) to denote any upquark-like particle (charge %), with (u*) the antiparticle. We shall
use the symbol (d) to denote any downquark-like particle (charge —3), with (d*) the
antiparticle. Quark-like particles will carry an SUj color index like (4,7, k,---). Any
particle could carry an SUj3 family index like (r,s,t,---).

(30)

,0,0,0} (31)

The singlet 1 and its conjugate v will represent an antineutrino:
L YA R 7 (32)

For 1,, and ¥*, we have -
77/11 — e 1/)1 — e

T (33)
Uy = v YT =TT
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Notice that we have introduced 3 neutrinos in association with the electron.

For ¢, and 1), we have

e R TR P

P = () P ey

¢ij — eijkuz 77Eij — eijku_*k (34)

wir — dir 'l;ir — Czir

¢rs N ETStV: @er N ErstV_*t

For e, and ¥, we have

( Prij — €igrd” P — ek,

wm N u; ,&Mr N u—*ir

¢17‘s — erstet ,J}lrs — ETStét

Yiji — €ire” U — ke (35)
wijr — eijkuf ”in‘jr — eij’“ﬂz

wirs — Erst(d*)g &irs — ETSt(J*)é

\ wrst — ErstV ’QZTSt — vV

Now proceeding to the vector bosons, we begin with V,?, which being traceless, is given
the following assignments:

Vit s A+iz 1o a Vim > wr
Vit = X A — G — %@‘jA + i@‘jz Vit = V' (36)
V;“l — Wr ‘/TZ — yri V;S — HT‘S - %61"82

Notice that G;’ is traceless in color indices, and H,*® is traceless in family indices. For
Vb, we have

‘/12' — P@ Vvlr — gr
Vij — Eijkuk Vir = Dy (37)
‘/rs — ‘ErstNt
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For V%, we have
Vit — pi yir — gr

Vi s kY, Vit — Dir (38)
Vrs - €rstM

Before writing out the boson-fermion coupling terms, let us check the fermion kinetic
bilinears, and the boson bilinears, in terms of the foregoing assignments. For the
following O14 invariant fermion kinetic bilinears, written in terms SU; invariant forms,

s 1- . a 1 Jabe(

Y(iy - 0)Y + §?/fab(w O b+ 51/1 ’ (i - 0)babe (39)
we obtain, after splitting in terms of color SU3 and family SUj3 invariant forms,
( D(iy- 0w +v*(iy - O)Ww* + U (iy - O)vp + v (i - )1/}

+e(iy - 0) + e*(iy - 0)e* + e, (iy - 0)e” + e*,.(iy - 9)(e*)"
‘ (40)
+a; (iry - O)ut + u*(iy - Q)uf + ul (iy - O)ul + w*" (i7y - O)ul,

| +di(iry - Q) + d¥' (i - B)d + diy (i - D)™ + . (iry - D) (d*)]
Notice how, with respect to family SU3 whose fundamental index is r, the fermions

of a certain charge type (neutrino-like, electron-like, upquark-like, or downquark-like)
clearly demonstrate similar groupings into singlets and triplets.

Now with regard to the following Oq4 invariant boson bilinears, written in terms of SU;
invariant forms,

1
V2 4+ V.V + éva,,vab (41)

we obtain, after splitting with respect to the foregoing color SU; and family SU3 sym-
metries,
(

V24324 L2224 GIG! + HIH!

FOW W+ 2X,X° + 27 ),
(42)
+&.E" + N N” + PP

| +UU' + D, D"
In order that the above terms take a canonical form, we must have a rescaling of some

fields. However, we shall not do that in the followings, but one must remember to do
the rescaling in practical applications.

Now the splitting of the O14 boson-fermion coupling terms (30) can be done, using the
preceding assignments. The resulting terms are over 500 in number. However, after
simplifications and various arrangements they reduce to 175 terms. In the following
subsections, we give these terms that concern the couplings to specific vector bosons.
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5.1 Couplings to the V Boson

Here, we give the couplings of the fundamental fermionic particles to the V' vector boson
that is associated with the U; symmetry in Oq4, which commutes with SU.

beve + e*ye* + e ye" — 3e*y(e*)”
+uyv — Ty + 50"y, — 3v* vk

2v/7 =3yt — 3uyul + ayul + a g,

tdydi + 5d* yd — 3d;,yd™ + dFiy(dF)T

Notice that all fermions would participate in the above couplings.

5.2 Couplings to the Photon A

Here, we give the couplings of the fundamental fermionic particles to the photon A:
—eve + e*ye* — gye" + e*,y(e*)”

kT

25 Ao 2 bk | 20700 2 *
Ax | +H3uyu’ — suttyuf + suiyu, — sut yuy, (44)
—tdiyd' + Ld*ydy — Sdyd™ + LAy (d))

Of course, only the charged particles would participate in the above.
5.3 Couplings to the Z Boson
Here we give the couplings of the fundamental fermionic particles to the Z vector boson:
Apyw + 30"y, — ST}
—eye — 3e*yer + 2e,ve” — ety (e)
Z X - (45)

— i LS 2-—r . 2 AT
+2uyu’ + 2u yup — upyu, — Ut yug,

—3d;yd’ — J*inf - %Jiﬁdw + %J*iv(d*)f

Notice that the antineutrino particle v*, which is singlet with respect to SU7, does not
participate in the above couplings.
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5.4 Couplings to the G Bosons

Here we give the couplings of the fundamental fermionic particles to the G vector bosons
of color SUs: ' '
' ujyu’ — urtyul — iyun — ur oy,
G’ x . , (46)
+djyd' — d*'yd; + djyd™ — d* oy (dY)]
Notice that only the colored quarks and antiquarks would participate in the above

couplings (the manifest SUj; color indices are ¢ and j). These group themselves as
singlets and triplets with respect the SU; family (with manifest family index r)

5.5 Couplings to the H Bosons

Here we give the couplings of the fundamental fermionic particles to the H vector bosons
of the family (or horizontal) SU3 symmetry:

esve + e*gy(e*)” — Uyvg — v vk
H,® x ' ) B (47)
—apyul, — u g, + digyd” + dF oy (d°);

In the above, only the fermions that are triplets with respect to family SUj3; would
participate in the couplings (the manifest indices of family symmetry are r and s, while
the manifest quark color SUj index is 7).

5.6 Couplings to the VW Bosons

Here, we give the couplings of the fundamental fermionic particles to the (W™, W)
vector bosons. The latter are conjugate triplets with respect to the family SU3 that are
charge +1 particles, like the W of electroweak theory.

—eYV, — €YV
W' x | —diyul — diyud + conj. (48)

"'Erstd*iSPY(d*)g - ErstJ*SV(e*)t

In the above, we have suppressed the conjugate terms involving W,. Notice how the
triplet of WW’s exchanges a singlet charged lepton with a triplet of associated neutrinos,
and a singlet neutrino with a triplet of charged leptons. Likewise a singlet upquark
is exchanged with a triplet of downquarks, and a triplet of upquarks with a singlet
downquark. Notice, as well, how triplets of antineutrinos are exchanged with triplets of
charged antileptons, via family alternation, using the family SUj3 epsilon symbol. The
latter mechanism also involves triplets of anti-upquarks and anti-downquarks.
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5.7 Couplings to the X Bosons

Here we give the couplings of the fundamental fermionic particles to the (X*, X;) vector
bosons. The latter are charge :I:%l colored bosons, often termed leptoquarks in grand
unified theories.

—eyd; — d;ye*
Xix | +dyy(e®) — ey(d)r + conj. (49)

—Gijk;u_*jVUk - Gijku_*jTVUf
In the above, we have suppressed the conjugate terms with A;. Notice that the neutrinos

do not participate in the above couplings, simply because there are no charge i% quarks
to couple with.

5.8 Couplings to the ) Bosons

Here we give the couplings of the fundamental fermionic particles to the (VF, V') vector
bosons. These are charge :I:% colored particles, being triplets with respect to family
SUs. They are also called leptoquarks in grand unified theories, and in some theories
would be responsible for proton decay, since they exchange quarks with antiquarks.

—Q_WU?« + e_*r%él - ETstd*Zs’yet
i i - ; .
Vi x| —d* 'y, — d* v — €,qv*°yd" -+ conj. (50)
_ gk g x gk g, * _ _ijk =S *\ T
edjyuy, — € djyuy — € eng iy (d);,

In the above, we suppress the conjugate terms with J?. Notice how the Y triplets
of vector bosons would exchange singlet leptons with triplet quarks and vice versa.
Likewise, triplets of quarks are exchanged with singlets of antiquarks and vice versa.
Also, via family alternation, using the epsilon of family SUjs, triplets of leptons are
exchanged with triplets of quarks, and triplets of quarks are exchanged with triplets of
antiquarks.

5.9 Couplings to the £ Bosons

Here we give the couplings of the fundamental fermionic particles with the (&,,&")
vector bosons. The latter are charge +1 conjugate triplets of family SUsj.
V_*’Y(G*)T + V_*T’YG* +€rstés,yyt
& X A ‘ B + conj. (51)
+uy(d) + u " ydE + €t dgyul

In the above, we suppress the conjugate terms involving £”. Notice that the SU; singlet
antineutrino v* does participate in the above couplings, being exchanged with a triplet
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of charged antileptons. Observe, as well, how other singlets are exchanged with triplets,
and vice versa, and how triplets are exchanged with triplets via SU3 family alternation.

5.10 Couplings to the N Bosons

Here we give the couplings of the fundamental fermionic particles to the (N, N7) vector
bosons. The latter are neutral particles that are conjugate triplets with respect to family
SUs3.

—eye” + e*y(e*)" — U"yv + vyt

N, X ‘ + conj. (52)

—diyd™ — &y (d"); — Ty — agp
In the above, we suppress conjugate terms that involve N. Notice that the SU; singlet
antineutrino v* does participate in the above couplings. It is being exchanged with
a triplet of antineutrinos. Notice also the underlying exchange between singlets and
triplets for all other leptons and quarks.

5.11 Couplings to the U Bosons

Here we give the couplings of the fundamental fermionic particles to the (U*,U;) vector
bosons. The latter are charge j:% colored particles.

_ —r - * T *
— Ty — WAy + viyuy — vy,

U' x + conj. (53)

—dive — dipye” — e*yd; + ey (d)}

In the above, we suppress conjugate terms that involve U;. Notice that the SU; singlet
antineutrino v* does participate in the above couplings. It is being exchanged with the
antiquark w;.

5.12 Couplings to the D Bosons

Here we give the couplings of the fundamental fermionic particles to the (D™, D;,)
vector bosons. The latter are charge j:% colored particles that are triplets with respect
to family SUj5.

—eyul, — eyul + sty (e)!
Dir X _Ji’YV: + Jir’wj* - erstﬂs’)/(d*)g + COHj. (54)
+€7jij*j’}/u]: + Gijkj*i'yuk + €z‘jk€rstd*j87dkt

In the above, we suppress conjugate terms that involve D;,.. Notice that the SU; singlet
antineutrino v* does participate in the above couplings. It is being exchanged with the
quark d;,.
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5.13 Couplings to the P Bosons

Here we give the couplings of the fundamental fermionic particles to the (P;, P?) vector
bosons. The latter are charge :I:% colored particles.
— 'y — v, — vyl + vyl
P; x ) B + conj. (55)
+e TR dydy + €9%d .y (d)y,

In the above, we suppress conjugate terms that involve P?. Notice that the SU; singlet
antineutrino v* does participate in the above couplings. It is being exchanged with the
singlet quark u’.

6 Discussion

In spite of the underlying extensive algebraic formalism, we have been able to write out
the detailed expressions for the boson-fermion couplings that exhibit particle content
with color SUs and family SUs symmetries, and show that the Oy, unification model
can be handled in practice. This effort can be compared to the enormously much
more extensive counterpart associated with the development of the supersymmetric Eg
unification model®, with color SUs and family SU; symmetries. In another article, we
shall detail the algebraic structure of the 18-dimensional gravidynamic model* and its
relationship to the foregoing O14 model.

It is interesting that by presenting the SU; structure of the the present quark-lepton
unification model in color SU3 and family SU3 decomposition, we have noted that the
fermionic particles, as well as the bosonic particles, do appear either as singlets or as
triplets with respect to family SUz. The important question, in this regard, is whether
the observed three generations of quarks and leptons would correspond to this a triplet
structure, and whether a heavier 4th generation, the singlet quarks and leptons in our
model, does exist. Whether one can predict the masses of these heavier fermions is a
problem that awaits the completion of a truly predictive effective theory of symmetry
breaking, perhaps different from the deficient Higgs mechanism that seems to lack any
real predictive power.

We think that the most important implication of a theory, like the one treated in this
article, that could have relevance to high-energy collider experiments is the possible
observation of a family of W=-like particles (a triplet according to this theory). Of
course, a host of other vector bosons are part and parcel of such a grand unification
theory, but the observation of the extra W’s should be the nearest and most imminent
possibility. We hope to return to other phenomelogical aspects as soon as experimental
signs start showing up. Perhaps, even earlier, when our truly predictive theoretical
setup, in connection with the effective action of quantum field theory, starts running.
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