2,12 -~ The Four-Preon Flavor SU(4)xU(1) Unification of the Electro-

magnetic, Weak, CoOlorless Strong and Quantum Gravitationa

Interactions; and the Colorless Flavor Classification of

Left and Right Handed Real Fermion and Boson Chiral Projections,
for a Single Fermion Generation _

The requirement of chiral left-right symmetry for the various

flavor and color gquantum numbers of Table 1.1, specifically,

F, QsLs Q, R, G5 Bj; -but not necessarily 17, ¥®, 8", for all

flavors of particle, was stated in the introduction %s be- the particular
constraint by which®the chosen G.U. glagggge group (which we now know

to be preonic flavor SU(@), with diagonalized generators (2.265)) was

to be gauged with gquantum gravitation. Put into other terms, this is

to say the preonic SU(4) flavor theory developed in the preceding
section must now be reconciled with quantum gravitation; on the one

hand so as to ensure thé chiral symmetry of the generators for

the ;l@kgr¢inter&¢ﬂi$§Fu Q,» L» Qs and on the other, so as to

account for the established experimental fact of chiral asymmetry

in the generators I3 and Y8, and perhaps BlS, To implement this
principle as a gauge condition, it is helpful to return to the
‘equations (2,275) relating the left-right symmetric F, Qp L» Q

15

to the not necessarily symmetric 13, Y8. B 7, Including left and

right handed chiral designations, these equations may be rewritten

as:
Qrg = Q1 = Qg = 3817, = 3815, (2.281)(a)
Lop = Ip, = Ly = 315L - 2y°p = 8O _ 2y8 (2.281) (b)
Qp =0 = Qg = Yo, + ) =vS 3. (2.281) (c)
Pp = FL = Fg = 4807 - 2v8) = uplS. o 2v® (2.281)(d)

The equation for Q is of course the same one utilized in electroweak

theory, as indeed it must be to ensure that the electroweak interaction
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is properly embedded in a subset of the larger flavor theory, and

that the electromagnetic interaction remains symmetric with respect

to chirality, and by implication, parity. The problem with the
becange oF Therequired chira| s;(mmcﬂf‘ of G s also
above starts in equation (2.281)(a), whlchAsuggests the” left/right
chiral symmetry of B15, 1f this is so, then substitution of (2.281)(a)
into either of (2.281)(b) of (2.281)(d), and further substitution
into (2.281)(c), 1ep®»ds directly to the consequence that:
YBL = v8 : (2,282)(a)

R
P =13 (2.282)(b)

L ~R *
Prior to the discbverﬂby Lee and Yang of parity non-conservation in
weak interactions, this might have been an acceptable result, In light
of this discovery however, there is little.doubt that eqs. (2.282)
above are directly contradicted by a:-well established body of exper-
imental data. On:the.other r hand,sif- wa -start- witn.thewa-prlorl know-
ledge that YO, # v8_ , 13 # 13 and substitute back into egs. (2.281),
continuing to insist at least on the left-right symmetry of Fermion
number F, one concludes individually, for quark number and lepton
number, that:

Qup = Ry, + Gy, + By # Qug = Ry + Gy + By (2.283)(a)

L, #Lg s (2.283) (b)
even though

Fl, = R+ Gy + By + L, = Fg = Ry + Gy + By + Ly . (2.283)(c)
This too, appears to be clearly contradicted by experiment, as it
would among other things result in a strong color interaction that

1@, which yieloTes parity,

is not left-right symmetric,, in violation of established results.

Consequently, to maintain on the one hand the left-right symmetry
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of the strong and electromagnetic interactions; and on the other
the left-right asymmetry of the weak interaction, we are given no
choice but to make some form of modification in egs. (2.281),
originally (2.275).

In electroweak theory, one faces a similar problem, insofar
as the electromagnetic Q generator is left-right symmetric, but the
13 generator is not. The problem is solved by introducing a new U(1)
interaction ¥ = Q - I3 which is also not left-right symmetric, but
which combines with IJ so as to leave Q left-right symmetric, In
preonic grand unification with guantum gravitation, a similar solution
v8

exists. In particular, and in addition to I3, ’ B15, we now introduce

a fourth flavor interaction generator GO, which is to be associated
with the quantum gravitational interaction. Because gravitation is

a symmetric (ébelian) interaction, this new generator must be associated
with a U(1) subgroup. The appropriate choice, given that 13, Y8. Bl5
form a preonic SU(4) flavor subgroup with generators given in (2.265),

is arrived at by defining:

o 0 2000 ,.
¢c' =% (1/{2) ¥ ={0 200 (2.284)(a)
0020
' 00041 ,
where:
1000
p0 = 1/{2 o100 (2.284)(Db)
0010
: 0001/,
5

taken together with T3,T8,T1 from (2.264), forms the simple Lie

group SU(4)xU(1), It is this group, and not SU(4) by itself, which
is therefore most readily associated with the unification of electroweak,

0

strong and quantum gravitational interactions, Because G° is related
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by a constant factor to the 4x4 unit flavor matrix, it will commute
symmetrically with all of the remaining generators of SU(4)xU(1),

and will therefore generate an abelian interaction, This is precisely
the characteristic that must be required of the quantum gravitational

interaction. Contrast this to the use of SU(2)xU(1) in electroweak

theory.
0 . 3 .8 .15 . .
T, like T’,T ,T - in (2,264), acquires the square root factor

from the normalization condition: (see (2,266))

r (19 1) =2 , (2.285)(a)
while: (see (2.267))
e (60 ¢0) = 3 (2.285) (b)

Combining this with (2.268) leads then to the overall.sum of diag-
onalized traces of sjuares relationship:

e (696%) + e (1213) + 1r(¥8¢8) + Tr(8lSBlO) =1, (2.286)
which provides a particularly simple summarization of the preonic
flavor generator matrices., Further, we can define a quantum gravitational

charge: (see (2,269))

8q = & o (2.287)
and also the square coupling ag, defined as (see 2,271)
a, = ag . (2,288)
utilizing (2.285)(b), these are related according to: (see (2,272))
0 .0
ag =2 Tr (G 1Gg) =%gd . (2.289)

At the Planck mass MP=1.22x1019 GeV, which we know a-priori must set
the mass scale for unification with quantum grawitation, all four
' This rust Take }bgﬂxag

couplings must converge, daad,with high order renormalization,Aat order %:

aG = a'vg = aY = aB = %"RC( (2.290)
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Jf%e c% Eom,‘;en.:&‘t Tzed

At this point, we return toA(é.265) along with (2.284)(a), and
we again form the square matrix product of (2.274), but with the

quantum gravitational generator g0 included, ie.,

T 0 0
3mg= 3 7%-15 2T8-’”T15 10 o
o o° T3j3 15T15 1o
0 0 -T35T j5T15
1
20 .0 0 0
-+ 3[Bo%Lr 0 o
o *o'Llp L0
Zlo
° 0 Folam (2.291)
= (g +3B 0 0 0
= [ 075715 Go+2Yg-By s 0 0
o 0 G +I3-Y8-B15 0
s e
= -L
0 0 GA+I,-Ya-B 0
0 o 0 3587715

go-Q-B15 .
This is to say that we utilize the above matrix product, including
the U(1) quantum gravitational generator Go in order to form the

ammended linear definitions:

q, = 6% + 3815 (=R+c+B) (2.292)(a)
L =15 _ 2y8 _ g0 (2.292) (b)
Q =v8 4+ 3 (2,292)(c)
F o=q +L=upl5 . 2¥8 (=R+G+B+1), (2.292)(d)

which we shall

henceforth use to replace (2,275).

Note that it is only

the Qu and L definitions which are modified by the above, while Q

and F are defined exactly as before. The addition of the Go term to

the Q and L definitions has no impact on the already correct values

real
of these quantum numbers for left handed chiral projections, because

Gp=0 for all of these prdjections, as we shall see shortly, This is

not the case however, for right handed projections.,
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At this point, we return to the earlier discussion, and we

rewrite egs. (2.292) above to show explicit chiral components in

the form:of (2.281), ie.,

QIR = Qurn = QR T GOL + 3315L = c% + 3315R ' (2.293)(a)
Lo =1Lp =Ly =85 - 2x® -0 =85, - 2v® _¢¥% (2.293)(m)
Qg = 9, = 9 = Yo + Py = 8 4 1y (2.293) ()
Fig = Fp =Py = 485 - ZYBL = yBtS, - 2v8, (2.293)(d)
Here howeverf one no longer runs into the contrad%ﬁfi;ns with obser-

vation that were encountered in (2.282) and (2.2831¢ Instead, one
may rewrite the above simultaneously for right handed components as:

cOp~= $(Qypp =Ilyg - 6(apg - IR)) - LT 5 20k) ()

. |
= QR - § (Fpp + 2(Qpg - PR))
"IBR = IBR" ' (2-294)(b)
8 = qu - g (2.294) (c)
15 - 1 : 3
B R"‘ i(QuLR + LLR +.2 (QLR - I R)) (2.29“’) (d)

= (P + 2(Qpg - TPR)) .
which is to say that we leave I% undetermined, and solve for GO,
YBR, B15R in terms of the three (already known) left-right symmetric
generators Q,;p» Lips QLR (also FLR) and the as yet unspecified IBR.
We do know of course, that 13 is the generator of ordinary weak
interactions, and that"these ipteract}ons are not left-right symmetric,
In fact we know, that t;:i;;;;w;;f;;:;tion violates left-right symmetry
maximally, insofar as it is left handed chiral projections only, whitch
are involved in the weak interactions. Phusg,.following the-welidx.

established course of setting:

3 .
12 =0 (2.295)
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for all right handed chiral projections (which bars: these projections
from participating in weak interactions), the remaining equations
(2.294) reduce easily down to the following, wherein (GO.Y8.815)R

are given entirely in terms of the already known left right sym-

metric generators'(Qu,L,Q)LR » and Fyos

% = £(q, - 3L - 6Q)= Q, - 2(F + 20) (2.296)(a)
Y% = q | | (2.296) (b)
B'3 = 3(q, + L +2Q) = (F + 2a) , (2.296)(c)

wherein, because Q,,L,Q,F are all explicitly gauged to exhibit léft/
right symmetry, we no longer need exhibit the LR subscript explicitly.
The contradictions encountered in (2,282) and (2.283) are resolved,

as it is now possible to ensure the left-right symmetry of all of
Qu+LsQ,F; and at the same time account:for the known fact that I3 and
Y8 are not left-right symmetric, The price we pay here however, is
that the left-right asymmetry of the weak interaction propagates from

17 and ¥8 to 85 and 6%, »This is to say that the "baryon" interaction, B3

to be very carefully distinguished from the "strong quark" interaction

for which Qu=R+G+B=GO+3B15 » and the quantum gravitational interaction, Go.

which makes this distinction necessary, are themselves also not sym-

metric, with respect to left-right chiral projection, This is all

the fault, as it were, of the weak interaction; and its origin lies

in the original discovery of parity non-conser&ation in weak inter-
actions, by Yang and Lee., Ultimately however, it is the quantum grav-
itational interaction, which is gaugzed with the remaining interactions
so as to ensure that Qu,L,Q,F (and color R,G,B) remain left-right
symmetric, at the same time that the weak interaction I3 generator

remains maximally asymmetric (left handed 'V-A symmetry), which we
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are forced to introduce in order to account for all known facts about
left-right chiral and parity conservation in electromagnetic and
strong, and non-conservation in weak, interactions., If quantum:
gravitation did not exist, then one would be forced to invent it

in order to account for chiral and parity non-conservation in weak

interactions. The surprise is that quantum gravitation does not appear
(QQQ,{\,,“ (Qa‘v‘{&g‘) A d (\‘2‘1533)Wki93f‘ esTa bigh

to conserve chirality or parity either.-tue cloce wnreTicw beTwrean g@fﬁjagdl
hilTal o me T es |, ag tach twwei¥e the chira

At this point, we have all of the basic ingredients required ton;ﬁQng
real Ler R

—

arrive at a complete flavor classification of the elementaryAFérmionawMM&rm

and vector Bosons, in terms of their mesonic decomposition into compléiﬁuw&
inclnding beThh 1eFT and MW handed chical §sjeTions,

preons,AWe begin with the preonic flavor eigenvectors (2.262), which

label the A,B,C,D preons. Henceforth, we must be concerned with both

left and right handed chiral projections, which is to say that we

should be concerned with both (4,B,C,D); and (A,B,C,D)é. It is

more straightforward, if ene concentrates particularly on the

chiral projections of the various interaction generators., We:stért first

with GO,IB.Y8 and Bl5 from (2.284)(a) and (2.265), which we now

know are to be associated with'eigenvalues of the left handed pro-

. . 8 1 .
Jections, GOL,IBL,Y L,B 5L o+ and which may be formally regarded as

the diagonalized 4x4 matrices associéégﬁigf%g.iaﬁiiie flavbr group
SU(4)xU(1). We next utilize (2.292) to further arrive at the fiavor
projections for F,Q,,L and Q, We insist #s & gauge-condition that
these generators remain unchanged ﬂy a éhiral transﬁng%;%?n, ie.,
by any operation which takes L¢R, (Recall for example, (2.153).)
Thus, having already deduced these generators for left-handed pro-
jections, we automatically know their values for fhe right handed
projections as well, We additionally insist as a further gauge
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&

condition, to account for what is observed experimentally, that

the right handed weak interaction generator I

3

R“-O [} eq.

(2,295). At

this point, the three linearly independent gauge conditions QuL=QuR.

LL=LR. QL=QR imposed earlier allow us to use egs. (2.292),(2.293) in

an’inverse capacity,

(2.294).(2.296), to arrive at an explicit deter-

mination of the remaining right handed generators GOR,IBR.YSR.B15R.

Pulling all of this together into a tabular form, showing only

the particle states (flavor quantum numbers for antiparticles are of

course the negative of those for particles), and noting again that

(Q.,L,F,Q):=(Q,,L,F,Q), One may arrive at the followingz(contrast Table

o3 v® B ol v§ B a o L F

A : 0 0 . 1 0 o0 3 o 1 0 1
B |z 0 1/3-1/12f 2 0 1/3 -1/12 1/3 0 -1 -1
¢ | f &-1/6 -112) -5 0 1/3 1/6 1 1/3 0 0 O
S N I 1176 -iz| 1 0-2/3 -1/3 |-2/3 0 0 0
,Xfﬁu o 0-1/3 1/3 o 0-1/3 1/3 |-1/3 1 1 2
W% lo 1 0o 0 f320 1 3 1 0 0 0
‘o lo % 1/6 1/3 |3/ 0 273 7/12]2/3 1 0 1
d o -+ 1/6 1/3 | 3/4 0 -1/3 1/12|-1/3 1 0 1
‘v |o & -2 o |3mo0 O 3 o 0 1 1
e Jo -4 L o |3mo a1 i | o0 11
M lo o o o 00 0 O 0o 0 0 O
BB |0 O -0 0 0 0 O 0 O 0 o0 0
CC o 0 0 0 0O 0 O0 0 o 0 0 o0
DD 0o 0 o 0 0O 0 0 0 0O 0 0 O

P In the

of the

out of

Table 2,7 - Flavor Quantum numbers for Complex Preons
and Real Fermions and Bosons, Left and Right Handed

Chiral Projections

mixed flavor current sector, the explicit definitions of each

and L"‘i ComInaaT (o, N’ ?e:«,r"?"i(jg

real fermion and boson flavors of particleAéhown in the above,

the four preonic flavors (A,B,C,D) and anti-flavors (x,B,C, D),

is given by the following:(c¥l (33130))
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x-l/Bu = BA ;  x*/3u = %3p (2.297)(a)
wtu = D¢ ; Ww-u = CD (2.,297)(b)
u = DA ; q ==AD (2,297)(c)
d = CA ; d = AC (2.297)(d)
1t = Bc ; v = CB (2.297)(e)
e = BD -3 = DB . (2.297)(f)

This takes care of twelve of the sixteen logical meson combinations

that can be formed out of four complex preons, though due to particle-
Twelve CTrleg

antiparticle considerations, only six of these are independent. It

is the mesonic construction of the real particles out of complex

prézégjjxﬁygﬁnfurther allows placement of real particles and antiparticles

into the same gauge multiplet. This is an important prerequisite for

grand unification.—ﬁJQ The above shows clearly the manner of overlap

between quarkonic and leptonic beta-decay, insofar as each involves

- - 3 . u
either a preon or an antipreon C &« D transition, while the W; bosons
themselves, which mediate boTh : of quarkonic awd leptonic beta decay,

also contain precisely the meson combination of C and D preons necessary
(Gee,ie., (22785 /3
to conserve flavor throughout the entire process. The X U which

are involved in proton decay (hyperweak) phenomena, see (2.279), simply
occur through a perpendicular beta decay channel, contrast (2.,278),

(2.22?). Note, from table 2,7, that these x* bosons carry F=12, which as
Poi eivs on . s
is a fhrther prerequisite for the exotic vector bosons of grand unif-

. . -2 a1
ication,

A

In the neutral flavor current sector, the four remaining logical
as, tjaﬂ' wnspeciTied

mesons, IA. BB, CC, .BD, are expected to mix in some manner, to

produce four independent flavors of neutral current vector boson,
ok d

Among these must be the photon AY, the electroweak Zu,pfhe (colorless)
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gluon GY, The connection to colored gluons will be covered in the
section following., The remaining Boson,

Ou

. X7%, is a very massive neutral vector

boson associated with the hyperweak interaction, The precise specif-
. ) STrong / hugeiueak

jcation of this particle takes place durlng symme y breaking, in

much the same manner that the specification of the ZY in electroweak

theory comes about., In reality, the neutral current vector bosons

will involve the mixing of the following, with Y =(4,B,C,D), and GO
13,v8,815 taken from (2.284)(a) and (2.265): (X6"% is & quaniam g ool

awﬂmé" i
Yo% = 1 (AA + BB + CC + DD) (2.298)(a)
X13%x = % (Cc - Db) (2.298)(b)
e - -— 1 -
Ty8% = —;- BB - -é— cc - ¢ Dp ‘ (2.298)(c)
= 15y _ -+ 1 = 1 1 =
XBlox = 13 - iz BB - 5 CC - {3 DD . (2.298)(4)

In particular, one will wish as a further gauge condition to break
the symmetry in theneutral current by ensuring that the photon AY,
and the (colorless) gludn G? both remain massless, The slectroweak
ZY4 (which is probably better labelled as wou), and the hyperweak
Xou. are both to be explicitly determined dﬁring the actual mixing
of interactions, and can be anticipated to involve one or more Weinberg/
Glashow type mixing angles. This is to say that: (See (2.292), (2.298)),
AY =X = 3 BB + % e - %—DD (2.233(e)). (2.299)(a)
e E%QJ&— AA (2.299) (b)
Ou_y e - Xzx = i’,(ﬁ.;Q‘sinZew)x 5 (ce- oo) ( B4Tc -?—3' p)gmew (2.299) (c)

Defined Via StrgngfﬂyperWeak Coloxr Mi31ng. - (2.299)(d)

(X0u=)Lu

Nerm - ﬁ&,,’,fz"_“’“as c\. !e& wm«uﬁ 9, Wc“ ¢#, Until we have discussed strong

color symmetry in more detall. we do not yet have all of the infor-

mation required to precisely specify x04, z¥(=wO4) however, remains
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the same as in Electroweak theory. F%-r-yabmwa&ﬁzu“"*w= hence The
L(€c=89) Factei i sermoved Frowm (€ above . Al

In total, Table 2,7 along with (2.297) and (2.299) depicts aTher dei-
eal f u;w* p}‘g’(?

sixteen (4x4) distinct flavors of particle, of which exactly ten <hiral
Conjtn M\j lﬁwmQTu.
are fully independent, independently of chirality considerations.
Thege four independent flavors of fermion, and six of vector boson,

may be summarized thus:

Fegmlons
- Quarks
(u,d)
Leptons ‘ |
Table 2,8 - The Ten
(Ure) Elementary Flavors
of Fermion and
Bosons Vector Boson,
Eleetroweak

AY (massless); wo%, W™ (massive) ii;i- R

Strong/Hyperweak

Ou. Xi%u (massive)

GY (massless); X
All other real particles, are to be regarded as composite configurations
of the above elementary real flavors of particle, And, as we now
know, these ten independent real particle flavors are in turm composed
out of four independent complex flavors of Pﬁeen. Thus, the essential
simplicity of the preonic approach to grand unification lies in
the fact that ten distinct flavors of real elementary particle can
be eéven further reduced, down to but four distinct flavors, {A,2.C.D), o

(Nete, 10 5(8¥(H+4 )) T
complex elementary preon.ﬂThls decomposition, as was indicated on
a number of prior occasions, is elosely analogous to the deéomposition
C"ﬂnr‘e& Cong "‘S"""%_‘j imc‘.ts;& ndewt ) (N,ﬂ"e} 2= %_(2§Q1+%})
of four real spacetime dimensions into two complex spinors. which
is the reason that the monographs by Penrose and Rindler are of
-1

such particular interest,
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We tarn from the elementary particle flavors, to the variou#flavor
interaction gquantum numbers in Table 2.7, These of course, are " ~. > 7227

linearly interconnected according to (2.292), ie.,

a, = a® + 385 (2.300) (a)
L =30 .2y _ g0 (2.300) (b)
q =v8 4+ 13 (2.300)4¢)
F =Q, +L= yel5 _ 2v8 (2.300)(d)

These relationships, as we now know, are invariant with respect

to the chiral transformation L&sR 3 however, in order to arrive

at these chiral invariant relationships, it was necessary to.
introduce the U(1) abelian generator g% of quantum gravitation,

and to utilize the above, rather than (2.281), as the basis for
forming Qu.L,Q.Ff?(2.281) does work for left handed particles, .because
Gg=0 for all real particles (see Table 2.7). However, G%%O necedsarily,
far:the right handed real particles; and hence, egs. (2.281) are

not chiral invariant, while (2,.,300) are.so, From a generalized view-
point, one now noteskthat electroweak/strong flavor unification,
absent quantum gravitation, is not chiral symmetric. By starting

at the outset.with'the requirement that the laws of nature respect

the fifth-dimensional chiral symmetry, one is automatically led to
intrédMEefquantum gravitation, as a means of "reabsorbing" chiral
non-symmetries in the remaining interactions, Quantum gravitation is,
by itself however, chiral asymmetric, see Table 2,.,7. In fact, just

as the weak interaction couples only left-handed'projections, the

quantum gravitational interaction couples only right-handed projections.

+ -3
The hyperweak X'l/Buaﬁe;the only real particle that exhibit chiral
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symmetry under all interactions, including GO,Ij,Y8,B;5. This is bec-
ause the x4 charged bosons are composed out of the A and B preons,
which also exhibit chiral symmetry under all interactions. This is
not the case for the £ and D preons, which are just the "isospin up"

and "isospin down" preons of electroweak theory, see Section 2,9, It
inthe Cawne T gresng
is this chiral asymmetry,which is the root of similar asymmetries
in those real particles which contain either of the C and/or D preons.
Finally, it is helpful to refer back to equations (2.105)-(2.109),
which describe the relationships among left and right handed, and

vector and axial chiral projections. Egs. (2.109),(2.110), which

we repeat here in the general form,

Ty = 3 (T + Ty) (2.301)(a)
T, =35 (T - Tg) , (2.301)(b)

with*the inverses:

TR =Ty *+ Ty (2.301)(c)
where T designates any and:-all-of the generatops: GO. 13, Y8, B15 or

the linear combinations Qu. L, Q, F, (and also R,G,B in color theory),
This is to say that the above relationships among the R,L,V,A gen-
erator projections are perfectly general, and can be applied to develop
a precise measure of the degree of chiral symmetry or asymmetry, in

each of the various interaction generators, In particular, one may
again return to Table 2,7. Because this table already provides the
numeric values for each of the various flavor gquantum numbers, for

each of the various complex preons and real fermions and bosons, for
each of the left and right handed chiral projections; it is further

possible, using (2.301)(a) and (b) in particular, to develop assimilar
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tabularization for the vector and axial generator projections. For

the left-right symmetric generators Q,QU,L,F, (2,301) further reduces

to: (see (2.111))

Ty = Tg = Tp, (2.302)(a)

Ty =0 . | (2.302)(b)
This is not a prediction, but rather a consistency check on our
calculation; as these particular generators were explicitly designed

(gauged) so as to be left-right symmetric for all particles. The V and A
FThereSor
generators which are -A,of particular interest here are those which

17,

do not manifest chiral symmetry for all particles, namely, GO,

8, B3,

0

The V and A components for these generators, particularly
G~ and B15 ( 12 and Y8 are already known for most particles in standard
electroweak theory), are indeed predictions of the theory, and provide
one basis upon which experimental predictions of preonic G.U.T. might

perhaps be predicated. This Table is as follows:

0 3 8 1 0 8 L1
6y I Yy Bto  GY I Yp Br? Quuly Qy Fy Qua Iy Q Fp
A 2 0 0 * 0O 0 0 0 1 0 O 1{0:202:0 O
B i 0 1/3 -1/12 0 0 0 0 {0-1 1/3-1{0 0 0 O
C -1/8 % 1/12 1/24 | -3/8 -% % 1/8f0 0 1/3 0{0 O 0 O
D 5/8 -% -5/12 - 5/24'{ 3/8 3 -z -1/810 0-2/3 0f0 O 0 O
3 S
X3 0 0 -1/3 1/3 0o 0 0 O0 |1 1-1/3 20 o0 0 0
+ .
wt l3m 3 % Ey 3/4 -2 & 2 1o 0 1 o0o}jo 0 0 O
u -3/8 % 5/12 11/24 }\-3/8 -+ % 1/8i1 0 2/3 1{0 0 0O O
d 3/8 _% -1/12 s5/24 | 3/8 % -% -1/841 0-1/3 1{0 0 0 O
ot -3/8 % -% 1/8 {-3/8 -2 + 1/810 1 0 1]l0 o0 0 O
6 3/8 -3 3/ - 178 | 358 % _1/8l0 1 -1 1lo o0 o0 o
AA 0O 0 0 0 O 0 0 0 {0 0 O o0o}jO0O 0 0 O
BB 0O 0 0 0 0O 0 0 0 (0 0 O O0JO0O 0 0¢:0
ce 0 0 0 0 0 0 0 0 {0 o 0 o0o}JO 0 0 O
DD 0 0 o0 0 0o 0 0 00 0 O o0JO O0 0 O

Table 2,9 - Vector and Axial Flavor.Quantum Numbers for Complex
Preons and Real Fermions and Bosons
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One well settled manner in which the above may be utilized is to
determine the Cy and C, coefficients for the electroweak neutral
current z=I - Q SinaSw. In particular, réferring to Tables 2.7, 2.9
and eqs. (2.301)-(2.302), it is possible to write:

17 . q sin%y

7 =
= ( 3 - Qy Sin Qw) + KS(IA - Q Sin ew)
3 g 3 (2.303)
=(312 - q, sinfoy) + ¥5(-313)
= “g"(CV - CAK5) .
As a consequence of the above, one deduces for-all particles, since
. _ -2 13
Qp, = Qg while IJ=0, that;
Cy = I° - 2-Q sin%, (2.304)(a)
& = 13 | (2,304) (b)

u&ed PNENG S /
The usual factor of 3 1s therefore already included in the definitions

of the V and A generators in Table 2.9, While the above (2,303)(2.304)
applies only to the electroweak neutral current, it is possible to
engage in a similar exercise, and to derive similar sorts of results,
for the remaining generators, and further linear neutral current
combinations thereof, from Table 2.9, Referring to Tables 2.7 and

2,9, it is the prediction of a non-zero baryon number for right-handed
electron and neutrino projections, which appears;téﬁbe;part&c&larly
intrigﬁinggq@ﬁgéighgggéiééfhat,right-handed leptons do carry a baryonic

charge (bat not a quark or color chargeé, be careful about this distinc-
wihich ig cﬁue"!”cavmyﬂ b A FAvIYOT town | 5 SincR Rz G +LRIS

tlon), and that such a charge’ might be physically observable during
appropriate experimentation, Note too, that this chiral asymmetry in
the baryonic interaction is due to, and ultimately compensated for,
by the quantum gravitational interaction, see (2,300)(a). Therefore,
observation of a chiral asymmetry in the baryonic interaction would

at the same time provide indirect evidence for the existence of a
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quantum gravitational interaction which does not respect chiral sym-
metry either.
ugdlra e

It is also,to examine how the various flavor interactions
"sit across" one another, as this greatly simplifies understanding
of the overall theory. In the SU(Z)IxU(l)Y electroweak interaction,
the U(l)em = U(1)Q interaction is said to sit across:the SU(2)L = SU(2)I
weak isospin and the U(1)Y hypercharge interaction. This is Just a
fancy way of saying that the electrostatic charge generator Q, which
is associated with a U(1) abelian gauge group, is composed out
of a linear combination of the non-abelian SU(2) weak interaction
%éééﬁ%ﬁ generator 13 and an abelian U(1) hypercharge interaction gen-

in partécular, because of ghe already familiar Q= Y + I/,

erator Y,,We have left the superscript off of Y for reasons that
will become apparant shortly. At an impact energy on the order of
the Fermi coupling constant me2 =\/%b5/Gth 102 GgeV, the symmetry
of the SU(Z)ixU(l)yielectroweak interaction is "spontaneously bro-
ken" down to that of the U(1)Q electromagnetic interaction, which
is most readily observed at lower energies, Of course, only two of
the three interaction generators 13. Y and Q are linearly independent,
We may select for instanse, Q and I3, thereby regarding the overall
Su(2)g x U(l)Y theory as a unification of the electromagnetic and
weak flavorcinteractions,

In preonic flavor grand:unification, a similar, though somewhat
extended set of considerations apply. If we again examine (2,300)(a)-(c)

for Q, L and Qu’ one may write without superscripts:

Q=Y + I (2.305) (a)
L=B-.2Y - G (2.305)(b)
Q=G +3B . (2,305)(c)
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This suggests, in the same manner that the electromagnetic interaction
"sits across" the hypercharge and weak isospin interactions in
electroweak theory, that lepton number and its associated interaction
sits among. all three of the baryonic, hypercharge and quantum grav-
itational interactions; while quark: number, and its associated
interaction (which we shall shortly be able to associate with the
stroggtggteraction) sits across the baryonic and quantum gravitational
interactions, in preonic grand unification with quantum gravitation.
One may also note that Q, L and Q, all obey the left-right chiral
symmetry (by design), while I, Y, B and G do not, see, eg.,, Table 2.9,

Thus, one may summarize the relationships among the various interactions

with the following interaction diagram,
Chical SymmeTric MSTeAeross” 0 Chiral NewgymmeTric

Weak, Tco ggx in (13)

ElecTro mag wel e (@}

Figure 2.5 -
H%Farc%urge.(Ys} Summary of
Legtenic (L) Preonic G.U.T.
o o) . 18 Flavor .
“r3°“‘°'(§ / Interactions

Streng (&uﬁ RxG+ B)
QuanTym G eaviTaTivna | CG'Q}

While the above shows a total of seven interactions, we know ¥Trow (2.305%)
that only four of these are linearly independent. We may choose,

for instance, the Q, I, Qu and G generators, and thereby regard the
above as a unified Quantum mechanical) theory of the electromagnetic,
weék, strong (once we discuss color) and gravitational interactions.

(Plamck)
At quantum gravitational energies, which one anticipates to be of the

Cavendisg co in 19
aorder mic =[e”’/G = 1.22 x 10 GeV.,, and which, as indicated in Section
1.1, should be independently predicted by the G.U.T., one begins new

) Q
with an SU(4)BXU(1)G symmetry group. The quark interaction? which
A
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will shortly become associated with the strong color interaction,

sits across the baryonic and gravitational interactions, and is
manifest wheﬁ the SU(4)y x U(l)G interaction symmetry is spontaneously
broken below the Planck energy 1.22 x 1019 gev. At this point, one
reduces to a SU(B)Y X U(l)B x U(1)Qu interaction symmetry. At

some intermediate energy scale m02 = jRZF7E;T set by an intermediate
coupling constant Gi' (which may turn out to be associated with an
energy of a:1015 GeV) the lepton interaction.first becomes'apparant.
which is to say that lepton number, which above the Gy scale is regarded
merely as a fourth color of quark, now becomes distinct from the remaining
three colors R,G,B of quark., Recall that lepton number sits among all
of the baryonic, hypercharge and gravitational interactions. At this
point, one further reduces to a:SU(Z)I X U(1)Y b U(1)Qu X U(l)L
symmetry.group, which is closely related to the ”SU(B)“éélor X,
SU(Z)IxU(l)Y flavor &roup which, as is well established, must be
incorporated at low energies into any phenomenologically correct

grand unified theory. Finally, below the Fermi coupling energy

nc? = IRE7E; ¢&102 GeV,, the SU(ZixU(l)Y electroweak gauge group

is reduced even further, to the low energy symmetry group which

we shall designate by U(l)QxU(l)quU(l)L. Once color is accounted for,
this will be more fully represented as SU(B)Coloer(l)leptonxu(l)Q.

All of this is tabularized below:

Gauge Group Broken Below
SU(#)p15 X U(1)50 ¢ (=~10'7 Gev)  Table 2.10-
15 Stages of Spon-
SU(3)y8 x U(1)g0 x U(1)Qu Gy (71077 GeV)?  taneous Flavor

o Symmetry Breaking
SU(2)13 x U(L)yo x UML)y, x U(l)g Gy (=107 GeV)

U(l)Q x U(1)q, x U(l)Qu Low Energy Group
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O pelow ~1019 gev., while

Note in the above, that B15 "migrates" to B
y8 migrates to YO below what may be ?¥4015 GeV, This is the reason
that some of the numeric superscripts were explicitly omitted in
some of the earlier discussion, ie., eq. (2.305).

It is also worth noting, now that we know about both the left
and right handed chiral projections, see Table 2,7, to form the
various trace relationships corresponding to (2.285)(b) and (2.267),
which account for both left and right handed chiral projections., In
the preonic representation, which uses the values of (GO,IB.Y8,815)L’R

DV Liead

for each of the A,B,C,D preons in Table 2.7.Athat:

r (82 6P) + e (6@ ed) = & o+ 11/8 = 13/8 (2.306)(a)
tr (14 1)+ (131 = 2 o+ 0o = % (2.306) (b)
Tr (Yg Yg) +or (v8 ¥8) = 16+ 2/3 = 5/ (2.306)(c)
Tr (B10BE0)+ Tr (BROBLS) = 1/12 + s/2h = /24 . (2.306)(d)

Of particular interest is the Electroweak Clebsch-Gordon coeffiegient
C, which may be deduced in particular, from (2,306)(b) and (c) above,.
#Fhis is given by:

rr(y8 v8) + mr (¥8 v8)
2 s L R R 5/3 (2.307)

c
(13 13) + Tr (13 1)

It is encouraging to note that this is precisely the same value

for C that is predicted by the full georgi-Glashow SU(5) grand unified
IT is alge inTriguing That The Value of 7 Turus ou® Thi¢ way 5 Sine Color and

theory.'ldq ‘AOne shouid expect therefore that many of the numerical aen
o ereYioy,
predictions of SU(4)xU(1) preonic flavor unification will correspond & 4y
has et

closely with those of the standard SU(5) model, particularly insofar Wéw;““
‘LQ woeder

as the value of C2 is a relevent parameter. inany ‘givealcalediation,

Finally, referring back once again to Table 2.7 we now note, by
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virtue of the introduction of the quantum gravitational interaction,
that all of the A,B,C,D preons now possess all of the correct quantum
(flavor) numbers originally specified in the discussion following

eq. (2.254), including quark and lepton numbers, Specifically,

QuA) =13 Q, (B) =05 Q,(C) = 05 Q,(D) =0 (2,308)(a)
L (A) =0; L (B)=-13 L(¢)=0; L (D) =20, (2,308)(b)
rather than the ¥ 3/4 and ¥ % values that appearedbig the initial
(0},
discussions without guantum gravitation, see (2,276). This particular

flavor o

feature of preonicngan32§ﬁffication with quantum gravitation will
serve us particularly well in the discussions of color and generation

symmetry, to follow,
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