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Abstract: Based on the thesis that baryons including protons and neutrons are Yang-Mills
magnetic monopoles which the author has previously developed and which has been confirmed
by over half a dozen empirically-accurate predictions, we develop a GUT that isrooted in the
SU(4) subgroups for the proton/electron and neutron/neutrino which were used as the basis for
these predictions. The SU(8) GUT group so-devel oped |eads following three stages of symmetry
breaking to all known phenomenology including a neutrino that behaves differently from other
fermions, lepto-quark separation, replication of fermionsinto exactly three generations, the
Cabibbo mixing of those generations, weak interactions which are left-chiral, and all four of the
gravitational, strong, weak, and electromagnetic interactions. The next steps based on this
development will be to cal culate the masses and ener gies associated with the vacuum terms of
the Lagrangian, to seeif additional empirical confirmations can be achieved, especially for the
proton and neutron and the fermion masses.
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1. Introduction

In a recent paper [1], the author introduced Hesis that baryons, including protons and
neutrons, are Yang-Mills magnetic monopoles. Basethis thesis, it was possible to predict in
[11.22] of [1] that the electron rest mass is edato the masses of the up and down quarks
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according tom, =(m, -m,)/(2z)?, with the factor of(2z): emerging following a Gaussian

integration over three space dimensions. Subseqadculations [12.6] through [12.8] of [1]
showed that the best known values of the up anchduoasses in turn lead to an average binding
energy of 8.679 MeV per nucleon very much in aceoitth what is empirically observed, and to
binding energies fot’Fe which were predicted to be extremely close tatisiobserved for that
nuclide. Noting also that the deuteron bindingrgnes extremely close to what is known from
best available data to be the mass of the up quarKurther hypothesized that these might be
one and the same, which could be explained if tlexges released during nuclear fusion are
based on some form of “resonant cavity” analysiswvimich the discreet energies which are
observed to be released are based on the masgesmfarks contained within the nucleons and
nuclides. This led to a prediction in [12.14] &f fhat®°Fe has a latersvailable binding energy

of 493.028394 MeV, which we then contrasted toehmgpirical binding energy of 492.253892
MeV. This small difference was understood as iating that 99.8429093% of the available
binding energy predicted by this model of nucleas%'ang-Mills magnetic monopoles goes into
binding together the P&nucleus, and that the remaining 0.1570907% gdescionfining the
quarks within the nucleons. This in turn, lead hysthe conclusion of [1] to a deepened
understanding of how quark confinement is intimatellated to nuclear biding and fission and
fusion and the peak in per nucleon binding enemfig%e.

A second paper [2] extended this analysis, anevetidhat based on this same “resonant
cavity” analysis, the binding energies of the remvaj 1s nuclides, namef{, *He and*He, can
be predicted to at least parts per hundred thousaddin most cases parts per million. This
latter paper also showed in [6.16] that the obsen@utron—proton mass difference is predicted

by the relationshipM(n) — M(p) = m, —(3md +2,/m,m, —3m, )(27:)% to better than 1 part per

million. In section 9, we explained why this shiblde regarded as amact relationship, and
therefore modified our earlier hypothesis the thatdron binding energy is exactly equal the up
quark mass, into one in which these energies areckese — to just over 8 parts in ten million —
but not exactly the same. In section 8 of [2] wedithese results to predict solar fusion energies
solely from up and down quark masses, and founddhelts to also be in tight accord with
known data.

The lesson taken from [1] and [2] together, ig #m@pirical evidence strongly supports
the thesis that Yang-Mills magnetic monopoles arefact baryons on the basis of seven
independent predictions which closely match theeerpental data, specifically: 1) the electron
mass in relation to the up and down masses, 2°Beebinding energy specifically, and the per
nucleon binding energies on the order of 8.5 Megeneral, 3) the proton minus neutron mass
difference, and 4-7) the four distinct nuclide binglenergies predicted for ), 5) *H, 6) *He
and 7)*He. The study of solar fusion in section 8 of {s not contain anything independent
of the predictions 1 through 7, but rather appdiegeral of these predictions in combination, and



underscores that a “resonant cavity” analysis @leans and nuclides does consistently lead to
accurate empirical results, as evidenced by giredlictions 3 through 7 above.

While the theoretical foundation for all of theseiccessful predictions was laid
throughout [1], it was the field strength tensass the proton and neutron, [11.3] and [11.4] of
[1], reproduced below:

TrF/JVP :_i l,?ld _VHDVV_‘//d +2£)Zu _V”DJ/V.(//uJ' (11)
n pd — md n n pu — mJll

TR = W VoY W, N 2‘//d oy’ (W, J' (1.2)
n pu — mJ” n pd — md n

when used to calculate the energy according to7[1df [1], E :%Tr”_[FWF””d3x, which

formed thespecific basis for the calculations that led to all of these jcBdns. These field
strength tensors, in turn, emerged as stable magmeinopoles following the specification of
the SU(4p “protium” and SU(4y) “neutrium” gauge groups in section 7 of [1], falled by
breaking the symmetry of these groups using thgdmaminus lepton number genera®i in
[8.1] of [1]. So we take the thesis presentedentisns 7 and 8 of [1] that the protons and
neutrons emerge following the B-L breaking of thd(&p and SU(4y) groups to be supported by
the compelling evidence of predictions 1 througland therefore regard SUMand SU(4) as
subgroupghat do describe the real physical universe, and not just some arbitrary groups that
may or may not appear in the natural world. Inrghee take the accurate empirical predictions
1 through 7 above as direct evidence of the phlyssadity of SU(4p and SU(4).

Based on all of the foregoing, we shall in this grapake SU(4 and SU(4) as
physically-validated, reliable and solid startingingis and building blocks, for developing a
“Grand Unified Theory” (GUT) based on the empirigadonfirmed thesis that baryons,
including protons and neutrons, are Yang-Mills netgnmonopoles.

2. Unification and Grand Unification in Physical Sience

At least since the time when Isaac Newton hypatkedsthat the terrestrial “force” which
caused an apple to fall from a tree was the samiheaxelestial “force” which guided the
movements of the planets, unification has beenrdraleobjective of physical science. The
preeminent scientist, entrepreneur and statesmajafen Franklin catapulted to fame when he
realized that the terrestrial sparks he was crgatirhis laboratory were of a unified piece with
the lightening from the heavens, and applied thadewstanding in a very practical way to
develop lightning rods which cured an epidemic daf48" century electrocutions throughout
Europe brought about by the superstition of sendimgch bellringers to steeples at the highest
place in town to clang large metallic bells to wafdhe anger of the Gods every time a lightning
storm approached. James Clerk Maxwell in 1873ce&tbd what to that date was, and perhaps
even to today’'s date is, the preeminent physic#ication and at least the very paradigm of
unification, as he pulled together the disparatedtis of Gauss, Faraday and Ampere into a
unifying set of equations for electricity and matigra. This was deepened a generation later
with Einstein and Minkowski's Lorentz-invariant @ication of space and time. In these and
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similar endeavors the underlying theme has alwagnlihe same: to take what appear on their
surface to be disparate natural phenomena, andracguleeper understanding which shows
them to be governed by a single, common principldie success of past unifications leaves
today's generation of physicists with the firm cation that further unifications can still be
achieved, and that one day in the future, all efldws of nature can and will be deduced from
one common vantage point. After all, what is natscience other than an endeavor to explain
what is observed through our direct senses andclheer instrumentation that extends our
senses, by relating those observations to matheatigtiprecise laws of nature which apply
consistently, uniformly and replicably, without eytion, in the broadest possible range of
circumstances?

So-called “Grand Unified Theories,” or GUTs, arartpand parcel of this esteemed
tradition, and are based specifically on the adwveihntYyang-Mills gauge theories and the
realization that these Yang-Mills theories havemarkable capacity to explain what is observed
in nature as evidenced though their already-sufidespplication to weak and strong and
electroweak interactions. The Georgi-Glashow Suidpel [3] which was reviewed at some
length in section 8 of [1] was perhaps the firstJT3” and is perhaps the best known. The basic
idea of Georgi-Glashow and any other GUT is to lble & represent all of the fermions which
are observed in nature, and all of their interaxtjausing a single, simple gauge group with a
symmetry which is then broken in one or more stdgearrive at the particle and interaction
phenomenology observed in a laboratory settinge fehmions are the up and down quarks, the
electron and neutrino leptons, and ideally theghkr-generational carbon copies distinguished
from the first generation solely by larger masshe lgenerators of the gauge group represent
“interactions” of which there are understood to toair: gravitational, strong, weak and
electromagnetic. The eigenvalues of the diagoedlgenerators of the gauge group, which are
linearly related to discrete natural numbers sil @nd -1 and+3 and -1 and O, represent

through the “charges” of these fermions with respechese interactions. A particular fermion
may be associated with a particular eigenstatec@gctor) of a representation of the GUT
gauge group if all of its eigenvalues for all o thenerators match up with what are known to be
the charges of this fermion with respect to althe#fse interactions. So, for example, an electron
is by definition the fermion eigenstate for whidte tlepton number eigenvalue L=1, the baryon
number eigenstate B=0, and the electric chargansigee Q=-1. And the transitions / decays of
a fermions from one eigenstate into another, dinteractions in a given eigenstate, leads to the
bosons of the theory. The trick in any GUT, iharacterizall of the interrelated charges of
all of the fermions in the “simplest” way possible,understand the stages and ways in which
the symmetry of the group is broken starting ateftigh energies and working down to energies
which can be reached in a laboratory setting, andoarse, to end up with something that
accurately comports with all observed empiricabdat

With this in mind, and as used in the discussierehwe distinguish “GUTs” from
“unified field theories” more generally, as thatibset of unified field theories which is
specifically centered on understanding fermions thedr interactions via their discrete charges,
and on making whatever observable predictions @ambde based on such an understanding.
So, for example, Kaluza-Klein theory, which to tlday represents an exceedingly elegant
classical unification of general relativity with Maell’s electrodynamics using a fifth spacetime
dimension that in today’s understanding is beseustdod as the “matter dimension” [4], is most
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certainly a form of “unified field theory” (and onghich in the view of this author warrants
more universal acceptance than it has at presgpécally given that what we know of Yang-
Mills gauge theory should then permit both graistatand electromagnetism in Kaluza-Klein
form to be extended into non-Abelian domains). Raluza-Klein it is not a GUT in the sense
that GUTs are focused on the use of Yang-Mills gaggups to represent fermions and their
interactions, and Kaluza Klein, at least absentaag¢Mills extension, has nothing to say about
fermions. While others may perhaps define the t&&tdT” in some other manner which may
also include so-called “supersymmetric” theoride foregoing defines by example, what we
have in mind in this paper when referring to a “GUds opposed to a “unified” field theory
without the GUT qualifier.

The Galilean foundation of all of modern sciene¢hiat theory must be the confirmed by
observation, and that the goal or at least an itaporby-product of theory is ultimately to
systematically explain observation. For physitedarists, the pursuit is about systematically
comprehending nature and confirming that comprabartsased on experimental data. Because
GUTSs necessarily theorize about the behavior afreaat ultra-high energies such as’1GeV
and even higher that are unlikely to ever be reddme human experimentation under any
foreseeable circumstances (with the possible ekoeptf what we can learn by peering back
billions of years through astronomical telescopesich GUT theories necessarily opine on
physics that may forever be beyond the reactiratt experimental confirmation. So the only
way to discern the primacy of one GUT over anoteendirectly, by virtue of what it predicts
about low energy phenomenology that ea or may soon be able to observe. So as we
consider how to construct the puzzle which is a Gi@l decide what “pieces” to use in that
puzzle, we want to start with puzzle pieces thataaly are solidly-grounded in empirical
observation.

Based on the seven independent predictions enusderathe last section which closely
match the empirical nuclear binding and related de@sed on the thesis that baryons are Yang-
Mills magnetic monopoles, the GUT that we develepehwill start with the SU(4)and SU(4)
gauge groups developed in sections 7 and 8 ofkfidwing that these groups now have been
validated by over half a dozen independent pie¢emmpirical data from nuclear and particle
physics. Additionally, because we have shown Jrafid [2] how to connect these gauge groups
to energy numbers which can and have now been malpirconfirmed, an important objective
in developing a GUT on the basis of S(énd SU(4y is to lay the foundation for perhaps
obtaining additional, similar, successful prediotoof other known energies which have been
crying out for theoretical understanding for decadeost particularly, and most importantly, the
free proton and neutron masses, and the obseriaidfemasses.

If it should be possible on the basis qfaaticular GUT to make accurate predictions of
the proton and neutron and / or fermion masses$, éven absent the ability to evdirectly
observe the 10 GeV and higher energy phenomena which lead tethedictions, the accurate
prediction of such things as the proton and neuswrmhfermions masses would certainly be solid
evidence, albeit through indirect inference ratthem direct observation, that such a GUT has
also explained to us how nature behaves behinddih®f energies that we shall most certainly
never get to directly observe (again, with posséstgronomical caveat). In other words, because
a GUT, by its very nature, seeks to reach intoggndomains that will likely be forever beyond



human reach, it must fulfill the Galilean projest &ccurately explaining all of the masses and
energies that wdo observe through the instrumentation that doeswibin our grasp, while at

the same time teaching us about physics at enaifgpesve shall likely never have the capacity
to see directly. It is the prediction of the enesgand masses we do observe, that gives us some
measure of confident that we are not being lecagdiy what the GUT tells us about the physics
of unreachable energies. To use a different mergbUTs seek to teach us about an entire
iceberg, most of which we shall never be able teeole. So what the GUT teaches us about the
tip of that iceberg which we can see, must be getidnfirmed by empirical datevery step of

the way for us to have some confidence in what it teaclseabout the rest of the iceberg which
will forever remain out of sight.

Based on the foregoing, the purpose of this paptr develop a GUT rooted in the thesis
that baryons are Yang-Mills magnetic monopoles #ra seven successful predictions which
have already emanated from that thesis in [1] &)ddnd to lay the foundation for additional
mass and energy predictions, including the freégprand neutron and the fermion masses.

3. Some Clues for Pursuing the Proton, Neutron anBermion Masses

Before we can make predictions of the proton androa and fermion masses, we must
construct aeliable, empirically-grounded GUT, and we must know hovbteak its symmetry.
Why do we say this?

We have already shown in [2] how the nuclear bigdinergies in the 1s shell arise from
using the field strength tensors (1.1) and (1.2¢dlzulate an energi = —J'HS d®x via the

gauge

pure gauge terms in the Lagrangian [2.12] of [2]:

£ = % ((2”)% Fre (Fea = Fan BFgg )’ (3.1)

binding

together with components of the outer prodhkgi, ., , see (3.9) through (3.11) of [2]. But these

binding energies are calculated using only the manege field terms (3.1) of the Lagrangian
developed in [2.16] of [2], written with the terrakghtly regrouped:

3
2

€ :—((2;1) F
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We have not yet even begun to develop these other terms at all, yet it is made very clear by the
development in [1] and [2] that additional energymbers can and will arise from complete
development of these terms. So, we must develegetladditional terms and we will look to
them to perhaps lead us to the proton and neutrdrfeamion masses. But because all of these
terms contain the vacuur®, the actual numeric energy values we obtain frowse @ -
containing terms will depend upon the GUT gaugaigree choose, and upon its vacttaand
how these vacua are used to break symmetry. (Weéhesplural vacua because we have in mind
breaking symmetry in sequence using the Planckuracon the order of 18 GeV, so called



GUT energies on the order of#@GeV, and the Fermi vacuunv, = 246.21965GeV used to
break electroweak interactions to electromagnateractions vialU (2),, XU @), - U Dz, -)

For example, given from [2.15] of [2] that:

(D,UCD)EF :auq)EF _i(lGu’cDJ) (3-3)

EF’

we see that terms Wit(DyCD)(D”CD) will mix gauge fields with vacuum fields. So wbas the
pure gauge terms (3.1) led to expressions sucB.@kdnd [3.10] of [2], namely:

Jmg 0 0 Jm, 0 o0

(277)% Er e co %277 ”‘[FPAB ppdix=] 0 \/”Tu o ol o \/nTu L (3.4)
o 0o Jm o o Jm
Jm o o) (ym o o

(27T) N ABCD %277 IJ-IFNAB DFNCDd X= 0 m, 0 (O O \/E 0 || (3.5)
0o o Jym) [0 0o m

we should be alert to opportunities to develop miigauge field / vacuum terms where one of
these matrices is replaced by a vev, especiallfFdrmi vevv, =246.21965GeV, so we can

develop an energy “toolbox” with such expressiosg/&- [, and./v; On, . Why the Fermi

vev? And why these square root expressions? Beaawmerical inspection of the square roots
of the three main masses in [2.11] of [2] useddiawate binding energies throughout [2], times
the square root of the Fermi vev, shows that:

Jvn, =739.96039MeV (3.6)
Jvm, =1099.1221MeV, (3.7)

JvQ/m,m, =901.83525MeV . (3.8)

These clearly are axactly the right order of magnitude to explain the freetpn and neutron
masses mass M(p)=938.272 046(21) MeV and M(n)=8303%'9(21) MeV, if and when we can
put (3.6) through (3.8) and like expressions i@ tight context with the right coefficients. In
other words, the proton and neutron masses, viarder of magnitude analysis above, straddle
right down the middle of the Fermi vev and the reassf the quarks. One should therefore be

on the lookout for ways to exploit this via the %ed” gauge fieldG, / vacuum® terms in
Lagrangian (3.2). And as noted at the end of sedi of [2], we should keep in mind that the
relation M(n) - M(p) = m, —(3md +2,/m,m, —3mu)(27r)3 for the free neutron—proton mass

difference now allows us to find the neutron andt@m masses individually, so long as we can
find an expression which involves tkem of these masses. So it may well be that our targe



should be M(n) +M(p) or some multiple thereof (perhaps tfide alpha nucleus studies
extensively in [2]?) rather than either of thesesses individually.

For another example, go all the way back to [2f]]L], Maxwell's charge equation:
3 =9, F" =9,D¥G" =9 0¥G" -i|G*,G"| - 3* =(0,0* +m?)5* -9,0"G* -i|6*,G"|(3.9)

with D¥ =9# —iG*, and where in the final term he have hand-add®t@a mass.” Based on
(3.3), we can readily specify an analogous fieldagipn:

J=90,F*=0,D"®=0,0"0-id |G* ®| - I=(0,0" +m* )0 -id |G*, b (3.10)

for a Yang-Mills (non-commutingdcalar field ® with ascalar source J. In fact, this is just the
Klein-Gordon equation for a non-Abelian (non-comimg} Yang-Mills scalar field with a non-
zero scalar source, into which we have hand-addemea mass in the usual way. The reason
this is of interest is that a central step in sec® of [1] was to develop the inversg =1,_,J7

and then introduce fermion field wavefunctiogs via J* = ¢y*“y , so that we went from
G, -1,J°= W(Zy"w. But we can follow an analogous path with (3.&@)building scalar
sourceJ out of fermions viaJ =g . Then we can develop an inverse dia1J and follow

the analogous progressioh — 1J =gy . Consequently, the terms of the Lagrangian (3.2)
quadratic in the scalar field® - 1232 = 12wy , but then we can follow the path of section
3 of [1] by employing spin sums Tuu=N?*(p+m)/(E+m), so that
DD - 1232 L 12y — (N2|2/(E+ m))XZ(,p+m)w. Then, if we pursue the same course
of development as in [1] from start to finish, whea finally reach the counterpart of [11.19] of

[1] and collapse the propagators so that interastmccur essentially at a point, we will end up
with a Lagrangian term of the schematic form:

2 27 Ne?2 -
=00 - 1°J - "y ~ m%":mféﬂw (3.11)

But this is the form of a Fermion mass term in graagian, with the mass of the fermion
specifically identified withm; = N2I2/m(E+m). Concurrently, the vev should also enter into

this when we break symmetry with a gener&dsy setting® =vG. Sothisisthe prescription,
using the ®® terms in (3.2), for revealing a fermion rest mass out a Lagrangian while
preserving gauge symmetry and thus maintaining renormalizability!

But because the specifics of all of this centeuad the vacua@, it becomes essential to
have the right GUT gauge group, and to know howbteak its symmetry in appropriate
sequence. As noted above, to do this, we begievelop a GUT gauge group using the SH(4)
and SU(4) gauge groups developed in sections 7 and 8 okfigwing that these groups now
have been validated by over half a dozen indepdrueces of empirical data from nuclear and
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particle physics. So we build upon these validaiezle pieces in the hope that this run of
positive empirical predictions results will contenwith the masses and energies predicted by the
terms in (3.2) which include the vacda.

4. An Unbroken SU(8) GUT Group which Accommodate#ll Fermions and Left and
Right-Chiral States, All Interactions, Three Generdions, and an Idiosyncratic Neutrino,
with Nothing Missing and Nothing Superfluous

The proton and the neutron, of course, form an2pueak isospin double(tp, n) with

1° = (+%,—%), respectively. But both the proton and the neutese composite entities
composed of three quarks, and as we have arguethdeeld supported with empirical nuclear
binding data, they are Yang-Mills magnetic monopol&o really, the proton / neutron doublet is

a doublet of triplets((d,u,u),(u,d,d)). And the left-chiral weak isospin quantum numbkts
associated with this arf¢-1,4,1)(2,-1,-1)).

In [7.1] through [7.4] of [1], we demonstrated ttla ultra-high GUT energies the proton
was part of a larger gauge group which we dubbedStt(4) “protium” group which includes
the proton and the electron, and that the neutras similarly part of a larger gauge group we
dubbed the SU(4)“neutrium” group which includes the neutron and tfeutrino. As we then
showed in section 8 and specifically (8.1) of [tjese two groups are broken by a vacuum

® =v,,;(B-L) of a “baryon minus lepton number” generatBr—LE—\/%/l15 such that a
proton triplet d.,u;,u; is broken apart from the electron for SW(4nd a neutron triplet

Ug,d;,d; is broken apart from the neutron for SU4and each triplet becomes part ctable

magnetic monopole. It was on the basis of thestoprand neutron triplets broken out from
SU(4), that we successfully rendered the sevenigiregls summarized in section 1, and also
correctly derived the fusion energy released duttiegsolar fission cycle strictly as a function of
the up, down and electron fermion masses. So tingdets and the SU(d)and SU(4y) groups

in which they are embedded would appear to be s@lig puzzle pieces for constructing a larger
GUT which is well-grounded empirically. That isaetly what we shall do here.

Normally, one works from the phenomenological gaggrip SU (3). x U (2),, xU (D)

and tries to find larger simple grou@swhich embed all of these and their associateditersn
The SU(5) model of Georgi-Glashow [5] reviewed ame length on section 8 of [1] is a
paradigmatic example. Here, we shall start with4Jand SU(4) which we know lead to
accurate binding energy predictions, and seek tstoact a larger simple gauge group which
includes these two groups, and which also encorspag® usual phenomenological gauge
group U (3). x U (2),, XU @), . The group we shall choose3J (8) U SU (4),, xSJ (4),. This

is a larger group than SU(5), but as we shall isdings with it numerous benefits including 1)
the ability to accommodate r@on-zero neutrino mass and thusright-handed chiral neutrinos
which are omitted from SU(5); 2) the ability to anomodateall flavors and colors of fermion,
as well as protons and neutrons, in foedamental group representation (SU(5) splits the
fermions into a fundamental 5 and a non-fundameiiakpresentation while omitting the right-
chiral neutrino); 3) the ability to accommodaii&erent left and right-handed chiral projections



with respect to weak hypercharyeand weak isospit?, for all fermions; 4)a solution, at long
last, to the mystery of fermion replication into exactly three generations, and 5) interaction
generators that may well be associated vgtavitation based on the manner in which the
neutrino stands alone with respect to all othemfens by having amxceedingly-tiny neutrino
mass that is orders of magnitude smaller than the ngag&éhe other fermions, and based on the
ability to finally understand the origins of fermigeneration replication.

We construct this SU(8) group by establishing adamental representation containing
the fermion octuple{v, (us,ds,d; ). (dg,Us,Ug ). The neutron triple{u,,d.,dg) and proton

triplet (dR,uG,uB) are designated in separate parenthesis simplidaal emphasis, and as we
can see, the neutrium grOL(p,uR,dG,dB) occupies the first four members of this octupled a
the protium grouple,d,, U, U, ) occupies the last four members. Of course, wedty counts
are the quantum numbers, so let’s now turn to those

In (7.1) of [1], we established that for the pratiuquadruplet, the electric charge
generator could be specified ly=B-L-2 4° :—%(\EAHMS). But in (7.3) of [1], we were
required to use different electric charge generator, name(yE%/]8 for the neutrium

guadruplet. This if OK when the proton and eletctaoe treated separately from the neutron and
neutrino, and this was good enough to get us oakrahdozen good binding energy predictions

and other empirically-supported relationships. Bote we put all these fermions together into

one octuplet representation of a unifying groug ki no longer OK, and we need to define a
new electric charge generator that works uniforfatyall of the fermions in the group.

So let us now see exactly how we can put theseytemaps together and what this implies
for the nature of the GUT that does so. SU(8)mfrse contains seven diagonal 8x8 generator
matrices, so rather than take up visual space sgtren 8x8 matrices in which all but the
diagonal elements are zero, let us construct tluapyusing the tables below which convey the
same information more compactly in an easier-tte¥olform.

First, as just noted, the electric charge generiatg) = B-L-2/A° :—%(\/5/115 +)|8) for
SU(4), while it is Q E%/}S for SU(4)\. So if we lay out the eight fermions of this qaet in a
vertical column and show the three generatitsA®, A* of SU(4) in the first three columns (we
actually showB-L= —\/g/l15 which is merely a linear multiple off), and then show
generators for electric charg®, right-chiral weak hypercharg&y =2Q, left chiral weak

hyperchargeY, =B-L, and right-chiral weak isospihi = , @vhich are all linear combinations
of one or more of the three generatdts A°, 2*, we end up with Table 1 below:
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Linearly Independet Lineai Combinatins

B_|_E_\/§;|15 2x Q=24  Y,=2Q Y, =B-L I}
v -1 0 0 0 0 -1 0
Uz 3 N 0 3 3 3 0
ds 3 ~o 3 -3 -3 3 0
dg 3 s T3 -3 -3 3 0

" Q=B-L-22* " "

e -1 0 0 -1 -2 -1 0
de 3 ] 0 -3 -3 3 0
Us 3 e 3 3 3 3 0
Uz 3 s T3 3 3 3 0

Table 1: Fermions and Generators of SU(4)and SU(4)

In the above, we have segregated the SU(And SU(4) generators
A® = —\/g(B— L), 2%, A* from the remaining generators, so that we carrlglsae that there are
threelinearly-independent degrees of freedom. The remaining generatorQforg, Y., are all
linear combinations of the first three generators, and so provideadditional degrees of
freedom, while the triviall 3 = Gcan be obtained frorany other generator by using the trivial

coefficient 0. We shall wish, in the course of amalysis, to maintain a focus on the
independent degrees of freedom. What makes the upper neutnguadrupletnot unified with
the lower protium quadruplet is the fact, as merd above, that although all the other
generators have the same form and values as bettlieenpper and lower quadruplets as
denoted by the *“dittos,” the electric charge getwesa are defined bydifferent linear
combinations. It is worth noting that for all of these ferm®rY, = B-L, and soY, is not itself

a linearly-independent generator frofit.

The one generator that we do not see expliciplyagented in the above, of course, is the
generatorl’ =+1 of left-chiral weak interaction, and this is reldtvery intimately to the
differentQ generators as highlighted above. So, let us nant@ducel and b) use thig;} in
combination with Y, which happens to be equal in all caseBteL, to specifyQ=Y, /2+1}
as it is ordinarily specified in electroweak theoffhen, having in hand, and givenh} = ,0ve
may further specifyY, =2Q. So, let us take table 1 above, introduce aleseof the SU(8)
diagonalized generators with the normalizatidm (/1?):%, and specify suitable linear
combinations of these. Then, let us review noy drdw this accommodates the fermions and

generators in Table 1 above, but also the newaatien generators that are introduced and their
possible physical significance.
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Linearly Independet Degree of Freedor Lineai Combinatins

A% A% A 1:B-L A'® Q'3 Y, Q Yk IS
% %@U 0 0 <+ -1 0 0 -1 0 0 0
-1 _1 1 1 1 1 2 4
Ug an wa® 0 3 3 5% 0 3 3 3 0
d - -1 1L -1 1 -1 1 1 -1 -2 0
G 228 221 2/15 2 3 2J3 2 3 3 3
d __1 —_1 —_1 _1 1 -1 _1 1 -1 -2 0
B /28 /21 215 2 3 2J3 2 3 3 3
—_1 —_1 —_1 _1 _ _ _ _
e 25 i AJTE 5 1 0 0 1 1 2 0
d —_1 —_1 —_1 -1 1 L 0 1 -1 -2 0
R 2/28 /21 2J15 2 3 J3 3 3 3
u —_1 —_1 -1 i1 -1 1 1 2 4 0
G 228 /21 2/15 2 3 2J3 2 3 3 3
u —_1 —_1 -1 i 1 -1 _1 1 2 4 0
R 228 /21 2/15 2 3 2J3 2 3 3 3

Table 2: Fermions and Generators of SU(8)

Now, certainly, it is very simple and natural tbe eight fundamental flavors and colors
of fermion to each be made a member of the fundtahespresentation of SU(8). And, if one
has eight fermions, a natural question is, whyusat SU(8)? Sometimes, what appears to be the
simplest approach really is the simplest approant,leads to the best results, and we don’t have
to try to “squish” eight fermions into a smallerogp like SU(5) and then lose the right-chiral
neutrino and split the representations. The gorestie shall explore largely throughout the rest
of this paper — which is one of the reasons whyraight not use SU(8) — is whether this SU(8)
is simplytoo large and can or ought to be made smaller. (We shallvanthis question, “no™!)

By “too large,” we refer not to aesthetics, butsigperfluity: does this group introduce extra,
superfluous interactions which simply do not appeaaywhere in the natural world. Put
concisely, the underlying question is this: is SUBfficient, and is everything in SU(8)
necessary? (We shall answer this question, “yes”!)

Specifically, in going from two SU(4) groups inldla 1 to one SU(8) group in Table 2,
we have gone from three independent generatbisi®, * to seven. Out of these four new

generators, we have left three of thed®, A*®, A*°, in their “native” form without alteration,

pending further exploration of these generatorswelThe fourth new generato?*, we do not
show explicitly. Rather, we use the degree ofdome provided byA*to introduce the left-
chiral weak isospin generatdr’, which wedefine as a linear combination of six of the seven
“native” generators according to:

3
l L

%/163+ﬁ/l48_ﬁ/PS_\/%AM_\/%/]lS_%/ﬁ. (41)
One can readily check thaltag(l?)=(3,4,~%,~%,-1,-1,1,1) as in Table 2.
Now, for the bottom quadruplet witfe,dg, U ,u, ), we haveB - L = -2,/24*° as before.

But this relationship needs to be replicated outhef native generators for the top quadruplet
(v,ug,dg,dg) as well. This is realized by the following lineaimbination of native generators:
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B-L=—A A+ L A+ d [S0°+2 242 [2x*, (4.2)

So we use (4.1) and (4.2) above to account fotvloelinearly-independent degrees of freedom
in A% and A'°. It is easy to check thatiag(B—L)=(- 1 £ & -11,1,1) as in table 2.

Similarly, we cannot usé® alone, but must replicate this as well for the qodruplet
(v,uR,dG,dB). This is achieved by defining #® generator according to:

/1:85@/148_ﬁ/135_\/%/124+/18. (4.3)

A check finds thatliagA'®)= (0

0 ,as in Table 2.

1 _1 _1..4L ;)
)\/él 2\/51 2\/51)\/5) 2\/5) 2\/5

Finally, and similarly, we need to definel&® according to:
/]'35\/%/135—\/%/124+/13. (4'4)

This yields diag(/i’3):(0,0,%,—% ,0,0,%,—%) as in Table 2. The foregoing, (4.1) through (4.4)
account for four of the seven linearly-independiggrees of freedom in SU(8). We have yet to

explore the three native-form generatdfs 1%, 4*°.

From here, we define several other generatorshwhrelinear combinations of (4.1)
through (4.4). First, via (4.2), we define:

Y, SB-L=—t AP+ 0t a0z [ oy, (4.5)

which happens to be exactly equalBoe-L in (4.2) and so is not linearly independent. Nesd
use (4.5) and (4.1) to define the electric chamgeegator in the usual manner, via:

Q=1Y, +17=1(B-L)+ 17 +13=23A° L y® -2 2 -2 2 -2 p. (4.6)

One can check to see thaiagQ)=(0,2,-1,-1 ~1-1,2,2), as required by Table 2. (In the
third expression we make use gf = , t6 show by way of contrast that VVolovok’s [6] etjon
(12.8) also leads via a different route to the s@wel(B—L)+13+12.)

Next, we formally specify that the right-chiralrgerator

o o
I
o

(4.7)
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is to be zero for all the fermions so that onlyt-eHiral particles will interact weakly. At the
same time that we insist that the electric chargesgator

Q=3 +Il=3Y+ 1% (4.8)

is to be chiral symmetric for all fermions. Thisistence together with (4.6) finally leads to:
Vo =2Q=4TA0 - L -4 20— 20— L (4.9)

So at this point, all of the known quantum numbiethe fermions are fully specified, including
the left and right chiral projections &f and|®. The fermions all reside in the fundamental
representation of SU(8), and the proton and newrerrepresented as well in the way that we
have ordered the fundamental representation. Wwhde all of the foregoing certainly accounts
for the observed fermions and their quantum numbees still have threeextra linearly-
independent degrees of freedom, which we can alidthdose to associate with the generators

A% 2% 2% that we have left in their native state.

Now we come to a critical question, already raisetich is this:  With these three
apparently superfluous degrees of freedom, doe8)Jwévidetoo much freedom? Does SU(8)
providemore than what is necessary? Might we find some wayhe spirit of Georgi Glashow
SU(5), to “squish” these fermions into a smallesugr and take away some of this apparently-
superfluous freedom? The answer is, no. And #asan is that this extra freedomnet
superfluous, but is actually fully accounted for tire known particle phenomenology, and
particularly, in the odd quirks of the neutrino andhe replication of fermion generations. Let
us see how.

First, the neutrino. One of the very perpleximgtiires of the neutrino is that it has
almost no mass. While the electron and the quawokkave different masses from one another,
the neutrinos are in a league of their own, by a@é¢ magnitude when it comes to their masses.
The neutrino mass is almost zero, which meansithiavels at very close to the speed of light,
and because of the equivalence of gravitationaliaedial mass, the fact that the mass of the
neutrino is so very different from that of all tbther fermions means that in some rough manner
of speaking, it is gravitating differently as welor example, the mass of the electron’s neutrino
is less than 2 eV [7], while the electron itselshe mass of about 511 KeV, which is over
250,000 times as large. This is of a totally ddéfg nature, involving completely different orders
of magnitude, than the relationshipg/m, =4.  351853368& m,/m, =9. 60172335between
the quark masses and the electron masses baskd quark masses arrived at in [9.3] and [9.4]

of [2]. This appears to make the neutron@litatively different from all the other fermions, and
we need to pinpoint the origins of this difference.

Now consider thel® in Table 2 and the fact thalf® = -4 for all of the up and down

quarks and the electron, but thaff = —% has a completely different value for the neutrino.

Moreover, not only is the magnitude different byo71, but even more importantly, tlsign is
different. Indeed, that is why we chose to place the neutas the very top member of the

14



SU(8) fermion octuplet. That means that the neatwill interact completely differently under
the interaction associated witi* — whatever that interaction may be — from any ofaemion.

But if there is any interaction under which the tnew behaves differently than all the other
fermions, it is the gravitational interaction, besa the most pronounced way in which the
neutrino differs from the other fermions is via ghostly mass and thus its ghostly way of
gravitating. Further, we know on general princgplleat for any Yang-Mills gauge group which
unifies gravitation and the other three interactiatmere will have to be at least one degree of
freedom given to the gravitational interaction.eTdnly question is how this appears.

So, we now make areliminary association of thei®® generator with a degree of
freedom for a gravitational interaction, and westdoin a way that bakes in for the neutrino, an
entirely different way of gravitating and thus daspng its mass, than that of any other fermion.

So, now we have accounted at least in a general(wiigh we shall seek to deepen in
the upcoming discussion) for all four of the knowateractions, but we still have two more

degrees of freedom unaccounted for, namely, thoméded by A*®, A**. What are we to make

of these? This brings us again to the questiorsdhis not give uto much freedom? And
again, the answer is, no!

We still have to account for the replication ofnfigons into three generations, which is
another oddity of the material world almost as ragisus as the oddities of the neutrino just

discussed. Let ask the question directly: eveififis related to gravitation and can explain why
the neutrino behaves so differently from all théeot fermions, A*®, A*° still give us two

apparently superfluous degrees of freedom. Whes diois mean? What can we do with those
extra two degrees of freedom? And specificallygimthey be origin of generation replication?

Any time we have two degrees of freedom, it issfie to construdihree eigenstates out
of those degrees of freedom. So, let us do jadt #nd label these stateg, 7 :

1'48
ﬁ_" o= 2'48:%,2/35:O>
1
PV
-4 -
’35
| —
_| gras_ ’35_ _|gras_ 1 gr3_ g
ps|A = A= @  —h1- @ r=| V= A M=)

Figure 1: Three Generation Eigenstates Constructeffom A’*® and 3’*°
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We have use “primes” in these generators, becdubkeyi do represent the degrees of freedom
associated with generation replication, they doasbtin same way as the remaining generators

AN 8 2 in Table 2. These other five generators repteaetvertical” symmetry

wherein each of the eight fermions are distingudsfrem one another by different quantum
numbers. But the appearance of three generatavngHich the quantum numbers are identical
from one generation to the next, and for a givermien, its generation is distinguished
exclusively by rest mass, is forizontal symmetry. And it is for and to this horizontal

symmetry, that we shall develop and devote the rgémes 1A', 1" *.

Now, in the forthcoming discussion, we shall dsswsome possible approaches to
uncovering the particulanechanism by which these two generatodé®, A* separate themselves

from the remaining vertical generatod§’, 1°,B—L,A'% A"® to situate themselves horizontally.
The only point being made at the moment, is that éxtra generators in Yang-Mills theory,
such asA®®, A, provide enough freedom to support three distitates as in Figure 1. And
these three states will come equipped with thein 8x3 unitary matriceb) to mix these sates.
And, if we are asking ourselves whether the extra generatorsi*®, ° provide too much

freedom at the same time that we are seeking alameagmon of the three fermion generations,
and given that those two extra generators provigeigely the freedom needed to allow each
particle to exist in one of three additional hortad generational states, then perhaps these are
not superfluous after alhut are instead the source of the generations. In that case, SU(8)
becomes a perfect fit, large enough to accommoddtehat is observed including the
idiosyncratic behavior of the neutrino and the icgtion of fermion generations, and not one bit
larger so as to contain anything superfluous thabt observed.

So below, we shall use the schematic synmibab denote a visual shorthand for Figure 1
above: a condensed symbol that represents two elefréeedom which are used to provide

three distinct states, 4,7 which appear in Figure 1. And, let us replacegbreratorsi®®, A%

with this schematic to represent the horizontal reyatny of generation replication. Thus, we
now rewrite Table 2 in the following form:

Linearly Independet Degree of Freedor Lineal Combinatins

A% A A® 12 B-L At 2P Y, Q Y, I}
v 550 O 1 -1 0 o0 -1 0 0 0O
D T T N
S T B R o1 1o
do s 0 <31 ek T T I
e — < 0 -1 -1 0 0 -1 -1 -2 0
de "3 0 -3 i %0 T
D L I N S
L R R

Table 3: Fermions and Generators of SU(8), with Gesration Replication
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So now, SU(8) has nothing superfluous, all eigitnions are represented with both left
and right-chiral states, and each can exist in anihe threel1=¢, 4,7 horizontal generation

eigenstates. We see that there are now four gértiteractions: 1) the strong QCD interaction
with three color states and two generator degrédseedom A'%,A'%; 2) the weak isospin

interaction represented by ; 3) a B—L interaction to which the electromagnetic inte@ctof
(4.6) is linearly related b =1Y, +13=1(B-L)+1?; and 4) a finalA®® providing a degree of
freedom for a gravitational interaction, under vwhall fermionsexcept the neutrino interact in
one way, and under which the neutrino acts in & dédferent way, in a league by itself. This is
the unbroken GUT group that seems best situatdéalljoaccommodate not only all the known

fermions and interactions and their key phenomenoé properties, but the Yang-Mills
magnetic monopoles which we now know are baryons.

5. Spontaneous Symmetry Breaking of SU(8) at thddhck and GUT Energy Scales, and
the Emergence of Fermion Generations and Fermion Mss Degrees of Freedom

In section 8 of [1], we reviewed spontaneous syitryriareaking in the Georgi-Glashow
SU(5) model, to provide a backdrop for breaking tw®tium and neutrium groups via
U@, - UQpe XU, and U@, » VE)*xU@g,. This of course led to stable

protons and neutrons and later to the several amciempirical binding energy predictions
already noted. Here, we review a similar symmdirgaking based on the SU(8) group
developed in the previous section. Specificallg, neview three symmetry breaking operations:

a first symmetry breaking operation using the “getional” generatorA®® at or near the Planck
scale; a second symmetry breaking operation usiagyt =B-L generator at an ultra-high

GUT energy perhaps in the ®@GeV vicinity, and a third break of the electrowesknmetry at

the Fermi scale using the electric charge geneftolt is this third symmetry breaking that we
hope to use to accurately predict the proton amndroe masses as discussed in section 3. But to
set the context, let us start with the first twghienergy symmetry breaking operations using

A% andY, =B-L.

If A°° is indeed a gravitational generator, then its nsaste will be at or near (within an
order of magnitude of) the Planck mass which isingef by GM > =#c, whereG is the
gravitational constant andc contains the Planck constant and the speed df lighterms of
energies that we have been discussing hde,[01221x 10" GeV is nineteen orders of

magnitude larger than the proton mass. It is fkedrthat at this energy, there is a violent sea of
vacuum perturbations, and two of the best refeieteeeview this understanding are [8], [9].

Without yet going through all the details in thissp, if we employ the Lagrangian (3.2)
and specify a Planck vacuur®, =A@, ;i=1.63, we may break symmetry or near at

Vv, =M, using theA*® generator such that:
®, Ov, A%, ie., diag(®,)= diag(/liqppi)D%mvp( % % 17 1 1-1-1-1), (5.1)
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with @, =0;i = 1.62 otherwise. (Again, we are not concerned here thighexact relationship
which why we usel rather than =, but rather an order of magnitudameration of the
qualitative features of this symmetry breakingrhis would immediately set the neutrino which
is the top member of the elementary fermion octupigu,,d,,d; ).e,(dg,Ug,U;)) on a course

to behave differently from all the other particletf A% is indeed a gravitational degree of
freedom which notion we began to entertain in #gt ection, then it makes sense to regard the

degree of freedom that® provides to be a freedom associated with themess of the fermion,
i.e., to be amass degree of freedom. So with symmetry breaking of the neutrino frolhtlae
other fermions at the Planck scale, below the Riacale all of the fermionsxcept the neutrino
would have one mass, and the neutrino would halifexent mass. Most notably, the neutrino
would have aroppositely-signed generator from all of the other seven fermions, which wellksha
revisit in the next section. Thus, the neutrimm de expected right from the start, to behave
very uniquely as regards its mass, and as regarasw it gravitates. This could be a root cause
of why the quark mass to electron mass ratios arg/m, =4. 51853369 and

m,/m, =9.601723351 while m,/m, >250000. One can envision that masses which are equal

at the Planck scale might separate so that thégrdibm one another by factors of of 4.35t0 1
or 9.60 to 1 at observable energies. But for i@ nat,/m, > 250000 we expect this to be more

than “screening adjustments” as we go from higloto energies. We expect this to be “baked
in” to the underlying structure of the GUT gaugeugy right from the start.

Moving on, let us now venture down to the vicinitfya secondv, 010°GeV , where

we break the symmetry withf =B-L. Again, we are simply for the moment talking abou
orders of magnitude for this energy scale. In,fae have already discuss&t L symmetry
breaking at some length in section 8 of [1]. Buthat earlier discussion, we regard8gd (4),
and SU(4), asdigoint groups each breaking down viaJ@), - U@ XU, and
VU@, - VO xU®s, to produce arm(SU@E))x U Qg)=mU©g)=2 homotopy
group with stable magnetic monopoles, essentialgeld on the disjointed groups of Table 1.
Now, in contrast, we have taken another step faiviigr conjoining these groups into SU(8) as
represented by Table 2 above. So the symmetrykipggave are about to explore is a
“wholesale” breaking ofSU (4),and SU (4),, together at once, versus the parallel, butaifet

symmetry breaking o8U (4), and SU (4),, which we conducted in section 8 of [1].

It is also worth noting as reviewed in section §19df that Georgi and Glashow also break

symmetry using the/ generator, albeit such thattag(®) = diag(T'@ )= veyr (-2.-1,-1,2,1)
for a right-chiral quintuplet(dR,dG,dB,eC,—vC)R of fermions. So here, we are doing exact same

think as Georgi and Glashow insofar as using generator to break the GUT symmetry circa
10" GeV, but we are merely using a different group®Wersus SU(5), with all the fermions in
the fundamental representation as shown in TabM®wv let’s proceed.

The group is now SU(8). Exactly as in [8.1] of, the vacuum we use is:
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Dyr = Veur (B - L) = Veur Yo (5.2)
Here, however, because of the SU(8) group:
diag®gy; ) = diadT'g) = Ve, (- 12,2 ,2,-11 2 1) = v diag B - L) = vy, diagy, .(5.3)

Unlike section 8 of [1], we no longer hal- L = —\/gxlls from which we setg; = —Z\EVGUT

and so obtain the Clebsch-Gordon coefficient wg;\z =8v?eur =C*?%ur. Rather, here we

have aB—-L specified in (4.2) which is a linear combinatidrfige generators. Thus, to break
symmetry here, picking off the coefficients in (4.&e now must set:

B = _%VGUT; Bis = ﬁVGUT; G5 = g\/%VGUT; Gy = %\/%VGUT; Bs = _Z@VGUT , (5.4)

with all the remainingg = 0 The invariant scalar:

A+ P+ B+ B @7 = (e 2+ BB 2 22 = 80P = CAPaur, (5.5)
yields a Clebsch-Gordon coefficie@? =%. (Note theC? =2 from the earlier8 - L = —,/21*°

included in the calculation of the above.) One rt@n employ the usual procedure such as is
outlined in (11.5) and (11.6) of [1] to obtain gaugosons masses in the usual way, and these

will have masses on the ordertur .

But our interest here is in what happens at losvergies, after this symmetry has been
broken, because that brings us into energy rangbsave experimentally observable.

First, by breaking symmetry vig = v (B—-L)=vy,Y, , which for which the generator
eigenvalues aré- 11 1 1 ~11,1 1) we “fracture” the eight fermions in Tables 2 @ihto a
Y, =B-L=-1 hypercharge doublet of leptong,e) and aY =B-L=% hypercharge
sextuplet of quarkg(dg,ug,ug J(Ug,dg.dg)). Of course, we know thdd.,u.,u;) is a proton
and (us,ds,dg) is a neutron, so this sextuplet may also be vieagtheY, = B-L =1 proton /
neutron doublel(p, n). Referring to Tables 2 and 3, the weak isospineich doubletv,e),
(p,n) is given by 1®= (%,—%). Of course for the proton this is arrived at bydiag
1°=1=-1+1+1 for its three quarks, and for the neutron simyjlada 1°=-i=1-1-1,
Note also that by virtue of how the triplets({al,ug,us J(us,dg,d;)) are ordered, each entry in
(dR,uG,uB) forms a weak isospin doublet with respect tetisesponding same-colored entry in
(uR,dG,dB). Each of the three quarks also enjoys two codlegrees of freedonR, G, B
associated with the SU@)generatorsA'® 1'%, see (4.3) and (4.4). So the group arrived at
following B-L symmetry breaking is schematically represented by:
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SU (@) - SU(6)xSU(2), =SUB)c xSU @y XU Dy -5, - (5.6)

The ®=vg,;(B-L)=vg,Y, symmetry breaking has fractured the quarks from th

leptons into a sextuplet of quarks each it £ and a doublet of leptons each with=1. Just

as in Georgi / Glashow, this breaks a lepto-quarrsetry. This is the origin of the
VU (6); xU (2), factor. But the quarks are grouped into a praiod neutron doublet with

13 =(1,-1), and of course the two members of the lepton dauiiso both have® = (1,-1).

This is the well-known “isospin redundancy” thatisgs and between quarks / baryons and
leptons and has led to the consideration of “pranntiels such as that discussed in section 12 of
[6]. For quarks/baryons, we represent their statllewing Y, =B-L symmetry breaking as

V@) xM(2)y x Dy, 5 - Thatis, the proton and neutron each contaiam@U (3). color
triplet of quarks form anSU (2),, weak doublet(p,n) « SU (3)c.x SU (2),, X @)y 5., With
every single fermion containing an identicgl = B-L =3, hence thel (1), _,, factor. For
leptons, the neutrino and electron form &d (2),, weak doublet(v,e) o Q2w XDy, a1
with each containing an identical, =B-L =-1, hence theU (1), ., factor, albeit for a

different value ofY, =B-L than that of the quarks / baryons. Overall, viltle detailed
interrelationships just noted, we reproduce the npheenological product group
SU @) xSU (9 xU @), -

Given that we have use® = vg,; (B—L)=vg, Y, for symmetry breaking at;, , all

that we have just described should be readily agpdrom Figures 2 and 3. But a bonus that we
obtain here, which is not obtained in Georgi-Glagsh8U(5), is thefermion generation
replication. This is how:

In SU(5) which is broken usin@ =v,; Y, there are four degrees of freedom based on
the linearly-independent generatdr&', T, T2, T3. After symmetry breaking there are still four
degrees of freedom; they are merely reshuffled itftot® for SU (3)., I® for U (2),, , andY

for U (1),. None of these degrees of freedom disappearsftemetry breaking; they simply sit
across one another in several “irregular”’ lineanbmations.

Here, however, in going fronBU (8) - SU (6); xU (2),, two “vertical” degrees of
freedom “disappear,” because SU(8) has seven genenahile SU(6) has only five, and the
separateB and L subscripts inSU 8) - SU (6);xJ (2), are all part of a single degree of
freedom represented B = B— L. But this reduction-by-two in the degrees of ffl@@ cannot
vanish into thin air; it must show up in some othwy. That is, following symmetry breaking
using ® =vg,; (B-L)=vy,Y,, there arewo-free floating degrees of freedom from A* A*

that have becomgecoupled from the remaining five vertical degrees of freedo But, as shown
in Figure 1, these free-floating degrees of freed@wve precisely the properties needed to create
a new horizontal freedom with exactly three stat®e.we label these three statexgs,r as in
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Figure 1, we associate this with the fermion get@mareplication, and we therefore make a
carbon copy of each fermion in triplicate, using tonventional symbols,d,c,s,t,b for the

quarks, €, 4,7 for the electron family, and,,v v, for the neutrino family. Thevertical
quantum numbers associated with each famijlyt; d,s,b; e, 4,7 andv,v, v, are identical
within each family. The fermions within a familyeadistinguished only by the mass values, and

so apparently, it is the free-floating generatdt§ A** which provide theermion mass degrees

of freedom to enable each fermion within a family to takeanre of three mass values. Thus we
may formulate Table 4 below:

LinearlyIndependeinDegree®f Freedom LinearCombinatims
A% 1> B-L A® Al Y, Q \A 13
Quarks
et -2 + + & 0 S
n@sbe| -~z -2 3 cEs 4 R
L T T S S R B
@sb) -2 -3 3 K 0 T S I
py| (u.cit)s Wm0t 3 T % 3 3 5 0
wete) -z 3 3 & 3 I S S
Leptons
(Ve,V,J,VT) =g 3 1 0 0 -1 0 0 o0
(e,u,7) % i -1 0 0 -1 -1 -2 0

Table 4: Quarks and Leptons with Generation Replicdon Following B-L=Y, GUT
Symmetry Breaking

Studying Table 4 and the above comments abouwjdherational mass freedom, we now
can better develop our understanding of the s@dajtavitational degree of freedoai® which
we discussed a short while ago in relation to (5.WhereasA**, 2** provide freedom for the
fermionswithin any given family to take on one of three mass values, we also aekjree of
freedom for each of the four basic fermion “profEs” v,e,u,d to have different masses, as is
also clearly observed. This, in fact, is the roled®. While the neutrino is set on a different
mass trajectory at the outset at the Planck seatause itsA* generator eigenvalue igt-[7

while that for all of the other fermions is the ogely signed—%@ with 1/7 the magnitude, the

fact that all fermions but the neutrino have thesa® tells us that at the Planck scale all of the
e,u,d have the same mass, and that the differences ath@sg masses that we detect at
observable energies stems from the difference®dated by the other vertical generators
13,B-L. So we now see that collectively speaking, theetgeneratorsi®®, A, 1** areall

responsible for providing the mass degree of freedo the fermions, withA®® providing a
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vertical freedom to differentiate among,e,u,d, and with A**,A* providing two more

horizontal degrees of freedom to differentiate the mass gp@civithin a given family into three
permitted values. To the extent that one regdrdsquantum degrees of freedom that lead to
discrete fermion masses as related to gravitatiortatactions given that mass and gravitation

are inextricably linked, we now conclude thall three of A%, A*® A* are the quantum
generators of gravitational interactions, similarly to howA®,A* generate strong interactions. But
these act differently insofar as 45° act vertically whileA*®, ** act horizontally, and 2)1**, A*
only start to act horizontally once they decouptenf the other vertical generators\gf,, as a
consequence of the lepto-quark symmetry breakiimggube vacuun® = v, (B - L) :

Finally, what this tells us is that in order tec@dain an answer to the question “why do
the fermions have the masses they have?,” thedtiearanswer is this: follow thd®, A*® A®

generators, understand how®,A** separate out and start to act horizontallyvat, , and
understand how the masses evolve as one moves @wdnw energy from there toward the
masses we so observe in the laboratory. In tigardg if A°° is used to break symmetry at or
near the Planck scale as in (5.1), then we immelgligee a break fronsU (8) - SU (7) xU (1)
with the neutrino fractured from all the other feoms. So, we already lose one vertical

generator, which we take to b¥®, which decouples and becomes horizontal. So béhaw
Planck scale but above the GUT scale, we would @xpesee two fermion generations. Then,
as we pass downward through the GUT scale and linedkpto-quark symmetry as in (5.2), we
drop down toSU (6), x SU (2), and now two of the generators have decoupled frertical to
horizontal giving rise to a third generation. lowd therefore make sense to believe that the
observed substantial variation from first to secamheration masses, and then again from
second to third generation, has it origin in thegential breaking of symmetry that starts with
one generation at the Planck scale, turns intogemerations between the Planck scale and the
GUT lepto-quark scale, and turns into three germmratbelow the GUT scale. And it would
seem to make sense due to their relatively largesses that the high mass fermions, namely the
v,,r,t,b, are the ones that already exist in precursor fatnthe Planck scale due, that the

v,.M,c,s arise between the Planck scale and the GUT seal#,that thev,,e,u,d which

predominate and are the ground states at obsereablgies are the last generation to emerge,
below the ~10"GeV scale at which the lepto-quark symmetry is broken.

One final point before concluding this sectiontamis to chiral symmetry. Because the
left-chiral generatoly, = B—L for all fermions, at the same time that we break symmzétityea

GUT energy using (5.2) and (5.3), we have forcdulemking of chiral symmetry as well. That
is, the weak interactions start to become chiral-sgmmetric at the GUT scale, as part and

parcel of theY, =B-L symmetry breaking. As discussed briefly at the ehsection 5 of [1],
baryon and meson physics is endemically, orgaicaih-chiral, which is consistent with what
is experimentally observed, all withy® =iy°"?y° being the mainspring. Via what may be
thought of as a Hamiltonian “quinterniary® =iy °'/?)®, any time one has what looks like a
“vector” object from one viewpoint, one can uge=iy°'y?y° to create an “axial” object from
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another viewpoint, and “vector” and “axial” turntdo have a duality relationship that is integral
to the Dirac algebra. So given the degree to whartyon physics is fundamentally non-chiral, it
makes perfect sense that as soon as protons amwnmse@re crystalized into being as stable

magnetic monopoles by, =B-L symmetry breaking, we also bring about the nomathi
nature of the weak and weak hypercharge interagtion

6. The Geometrodynamic Planck Vacuum, and What Mad&s the Neutrino Different

With all that we have learned in section 5, lemake a second pass through the Planck
scale, and to see what else we may be able ta learn

It has long been believed, and experimentally giggedence by the Lamb-Rutherford
shift in electromagnetic phenomenon, that nearPtamck length, 1.61624 x £ meters, and
over Planck time scales of 5.39121%1@ec, there is a violent sea of vacuum perturbstizith
Planck energy 1.221 x ¥bGeV, see the earlier referenced [8] and [9] whki=is developed in
detail. It is also well-understood that energyfliations of this magnitude on such a small scale
do have the effect of topologically creating miaagic black holes, also called wormholes, with
a Schwarzschild radius at or near the Planck lengttt us now take a closer look at exactly
what is believed to occur at this scale. Againdiasussed in section 2, it is unlikely that humans
will ever be able to directly observe physics & Blanck length, but the development of such
physics in the context of a GUT may lead us to émergy mass and energy predictions which --
- if they accord with empirical data — could thdamegus some confidence that the GUT which
leads to such accord is also describing the Pléwudth physics “behind the veil” with some
semblance of accuracy.

When Wheeler talks in his seminal work [9] abow geometrodynamic Planck vacuum,
the vacuum he envisions is constructed from a sefisimple algebraic calculations with which
it is important to be familiar. So let us revielnose here. First, Newton’s law of gravitation

F=Gmm,/r? contains a numeratoBmm, which has the same dimensions as the natural

constantiic. So the Planck madd . is defined as the unique, natural mass unit formed out of
the Newtonian numerator fro@®, # andc, namely:

GM.* =nc. (6.1)

The above means thall, =+/ac/G so that the Planck enerdy, =M .c? =+ic®/G. The
Fermi vevv energy is similarly defined using the Fermi consias \/EGFVFZ/C4 = hc, with the
V2 having historical origins based on h@y was first defined before electroweak interactions
were well-understood. Comparing “apples to apptee’correspondence G - \/EGF .

The Compton wavelength of a Planck mass (6.1asdyecalculated to be:

KP:h/MPc:,/%. (6.2)
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Now we consider a large collection of Planck maddesseparated from one another by, in
what would be a natural state of resonance. Tiyative gravitational potential enerdss
between any twdVl , separated by , is easily calculated to be:

2 5
g =-CMe_ _hC__hC _ g (6.3)
X, X, G

But this is simply the negative of the Planck eger&o as Wheeler first surmised, a collection
of Planck mass fluctuations (on average) sepatayeitie Planck length (on average) averages
out to be a vacuum because the negative gravitdtienergy precisely cancels the positive
Planck energies which are posited in the first @latlonetheless, in very localized regions on
the order ofi , , there are very violent fluctuations of very higiergy occurring. This is the so-

called “geometrodynamic vacuum.”

It is also important to note that the Schwarzstcthlack hole” radius for a (non-rotating)
Planck mass may be calculated to be:

=—— P="- =2 |— =24,. (6.4)

Because the black hole radius is twice as largea®lanck length, this means that all of these
fluctuations are occurring out of sight, behindack hole horizon.

On top of this, Hawking [10] teaches seventeensyafter Wheeler’s initial elaboration
of the geometrodynamic vacuum, based on generafiwistic gravitational theory, that black
holes emit a blackbody radiation spectrum. So ef mcognize that the Planck vacuum is a
vacuum in which the massen average are Planck masses separatadiverage by the Planck
length, and we ask “what is the actushdtistical distribution of these energies about the
average?” Hawking provides a clear answer: becthese fluctuations are occurring behind an
event horizon, the distribution is externally ob&er as ahermodynamic, blackbody spectrum.

It would also make sense, therefore, to considerpttospect that when we observe blackbody
radiation in the natural world, we are in fact alvg®gy the Planck vacuum from twenty orders of

magnitude removed, which would render the blackbsgctrum that kicked off the quantum

revolution in 1901 [11], a consequence of grawtadl theory. So much for disunion between
gravitational theory and quantum theory!

But returning to GUTs, the Wheeler vacuum alscchiea us something about the

generator A®* with diaq/]63)=2+@( % % ¥ & 1-1-1-1) which we are associating on a

preliminary basis with gravitation. One may lodktlae Planck vacuum in one of two entirely
equivalent ways: First, one can say that thereaateemendous number of fluctuations with

positive energy + E, on average, separated &y, on average, thus giving rise to an equal
amount of negative gravitational energie€, on average, thus resulting in a vacuum on
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average, which has a blackbody distribution of gnewvhen viewed from outside the event
horizon. Second, one can start witgative energy fluctuations, separate themy, and they

will gravitate to producepositive energy fluctuations. Each way of looking at tlasequally
valid, it is indeed a “chicken and the egg” queastioOne can develop an equally sensible
description of the exact same physics no matterreviome starts: positive Planck masses
producing negative gravitational energies, or nggatPlanck masses producing positive
gravitational energies. It does not matter. Thegetwo alternative descriptions of exactly the
same thing.

Now, let's talk about specific fermions, such be {v,ug,ds,dg,€ dg,Us,Ug) Of our

SU(8) GUT group. How do these actually take robl@w are they “born?” Through the lens of
1957, referring to electromagnetic chatgeWheeler says in [9] that “classical charge appeaar
the flux of lines of force trapped in a multiplyrotected metric . . . trapped by the topology of
the space.” In other words, charge gets “trappedhe black hole wormholes. Updating this
with all that we have learned in the intervenindf bantury especially about Yang-Mills gauge
theories and how charges such as the electric eraige from the generators of Yang-Mills
theory, we might say that these Planck-mass fltictus “trap” the Yang-Mills internal
symmetries (which include the electric charge), #rad this is how particles are “born.” Or, in
parlance we introduce here, the physical fermifnsi,,d.,d,,eds,Us,U,) arise when a

Planck-scale fluctuation is “fertilized” by the YguMills generators of internal symmetry. So a
neutrinoV is born when a fluctuation with Planck mass magtetis fertilized by the generator
eigenvalues in Table 2 corresponding to the neutrinhe same holds true for the up quark (in
three colors), the down quark (in three colors) #redelectron. Then, as Wheeler points out, the
particles we observe from 20 order of magnitudeelgvihave had all but the most miniscule
portion of their original Mp masses cancelled / averaged out by the positiveagative energy
fluctuations of the vacuum, leaving behind onlynaalh mass residue which results from the
trapping of the field lines, i.e., from the fertdition. Those are the particles and masses we
observe.

But if the Planck vacuum raises a chicken andetjge question, the next question is this:
how does nature decide whether the egg comesofirgte chicken comes first? Does nature
fertilize the positive energy fluctuations into ebged particles, or the negative energy ones? Or,
might she fertilize both? And what would a femdld positive energy fluctuation look like,
versus a fertilized negative energy fluctuation?ndAfundamentally, how is this precisely-
balanced positive versus negative energy symmettlye Planck vacuum broken, in favor of the
very miniscule (relative to the Planck vacuum) pegerance of positive energy over negative
energy that we observe in the material universe?

This is where oudiagA®) =% ( % & & % 1-1-1-1) generator comes in. If this is

a gravitational generator as we have begun to surmise, and ifgemerator is actually used to
break symmetry at or near the Planck energy a%.ih),(and given that this is the energy at
which gravitation is dominant as is clear from §@Hrough (6.4), then this generator will have a
great deal to do with how the Planck vacuum fiegsdertilized to produce what we observe. So
given that the gravitational charge of the neutrinoof opposite sign from the gravitational
charges of all the other fermions suggests thatgpsneutrinos are fertilized negative energy
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Planck vacuum fluctuations and the up and down quarks and the electron are all fertilized
positive energy Planck vacuum fluctuations. Not only would this neatly resolve the chickera
egg problem, but it would explain many other thiagsvell.

First, this would truly place neutrinos in asdaby themselves. They would be born of
negative energy Planck scale fluctuations, browdidut via the gravitational interactions of
positive energy Planck scale energy fluctuatioBgcond, above the Planck energy, behind the
event horizon, we would expect there to be a comptgmmetry among all of the octuplet
members(v,uR,dG,dB,e,dR,uG,uB). Any one fermion can readily decay into any otlaed all

would exist inequal numbers as part of an octuplet set. Thus, any time theas a neutrino,
there would also be seven other fermions to gogabaith that neutrino.

Then, after we break the symmetry and the neuthiooks up with negative energy
fluctuations and the other seven fermions hook ith positive energy fluctuations, we would
have a seven-to-one ratio of fermions which argdedan positive energy fluctuations over
fermions rooted in negative energy fluctuationso & we reached lower and lower energies,
there would be a net dominance of positive eneogyed fermions over negative energy-rooted
fermions. As such, this could help to explain o positive versus negative energy symmetry
of the Planck vacuum becomes broken. Third, wiigdeconventionally hold to the view that all
matter gravitates the same way as all other maittes, would tell us that this conventional
wisdom holds true for all mattexcept the neutrino. Below the Planck scale, the neotwould
fundamentally be a fermion rooted in negative eweitgctuations, while all of the other
fermions would be rooted in positive energy fluttmias. This could certainly provide some
degree of confidence that as we start to tracelévelopment of the fermions from the Planck

scale down to the laboratory scale, we may comtterstand whym,/m, =4. 35185336&nd
m,/m, =9.601723351 while m,/m, >250000. The neutrino would start off in the Planck
vacuum with a negative energy-M, +¢&, whereeg, represents the alteration in energy due to

the fertilization of the fluctuation, while all thether fermiond would start off with a positive
energy~+M, +¢&,. Then, after the screening of twenty orders ofynitade, the neutrino mass

would end very close to, and slightly larger thanoz and the rest of the fermion masses would

end up more substantially above zero, with the Mesemasses betweeh5x10° and 2.5x10°
times as large as what is observed for the neutrikarther, if the neutrino gravitates differently
from every other fermion, then its elusive, idiossatic behaviors may be much better
understood. From a technology viewpoint, this aaggests that if one ever hopes to develop
technologies that can “shield” gravitation or owmT® gravitational attraction other than by the
brute force of rocket propulsion, the neutrino vebbk central to that undertaking. Harvesting
and controlling the elusive neutrino would be th@ectechnology challenge. And, since
neutrinos do exist throughout the universe as wtuas they may be, this would also mean that
cosmological theories based on the supposition that all matter gravitates the same way would
have to be modified to recognize that the neutrino defies this supposition.

As a consequence of the forgoing, let us now oh@oregative gravitational charge for
the neutrino to go with the negative energy flutitues, as a matter of convention. Then, let us
introduce the hypothesis — which needs to be bawtethrough detailed calculation of its
consequences — that the neutrinos are in fact &bor near the Planck scale when negative
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energy gravitational fluctuations in the Planckmam become fertilized with the gravitational

charge of the neutring =|- 1% =->k D’>, and that quarks and electrons are born at or thear

Planck scale when positive energy gravitationatttlations in the Planck vacuum become

fertilized with the gravitational charge of a quamkan electroru,d,e=|- A% =5k D7>. And in

this regard, choosing the convention of a negajre@itational charge for the neutrino to go with
the negative Planck energy fluctuations, we nowlieitly define a gravitational interaction
generator:

G=-1%  diagG) =55 (- 71111L10). (6.5)

We may find occasion to adjust this coeﬁici% as we calculate from this point forward, but

this sign reversal, and the identification 4f with a gravitational generat@, makes clear a)
that the neutrino is understood to gravitate défely than all the other fermions and b) that the
neutrino is rooted in negative energy Planck flattins while all the other fermions are rooted
in positive fluctuations. Or, as Wheeler might ,sdne neutrino lines of forces are trapped in
negative energy topological wormholes, and the lgaad electron lines of force are trapped in
positive energy topological wormholes.

7. Spontaneous Symmetry Breaking, Fermion Fractui® and Intergenerational Cabibbo
Mixing of Left-Chiral Hypercharge Doublets

As we now return to spontaneous symmetry breakingill be important to develop an
understanding of what we shall call “fermion fraes” While the fermion fracturing we are
about to describe may already be implicitly und®mdtas a feature a spontaneous symmetry
breaking, it is important to make this understagdaxplicit, as this will play a crucial role in
understanding generation replication, and espgcidlé Cabibbo mixing which for leptons leads
to so-called neutrino oscillations (which have biggely responsible for demonstrating that the
neutrino does have some tiny mass, contrary to wiat have been believed a two or three
decades ago).

When a gauge group has not been broken at allassgiming that fermions have been
assigned to the fundamental representation of ¢faatge group, then any one fermion is
completely free to decay into any other fermiotd(Hqcp provides a good example of this. As
we can see from Table 1, or as will be understooahly event, there are three color eigenstates

R=|\A =L X :0>, G:‘/]S:—z—k,/]‘%:%% B=‘A8=—2—k,/]3=—%>. The symmetry is not

broken, so any of these eigenstates may freelyydat@any other one of these eigenstates, even

though their quantum numbers are different. Fangxe, all three color statéy G, B have
completely different, A*, namely, A* = 0,5,—%, yet they freely transition among themselves,

which is central to QCD interactions.
Once symmetry is broken, however, some fermiogste “fractured” from some other

fermions, and they are forbidden from decaying iotee anothemexcept under very limited
conditions. It isthese limited conditions which are of central interest in the discussion following.
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Let us first break the symmetry of SU(8) at thariek scale using (5.1), which we recast
in light of (6.5) as:

®, [V, G,ie.,diag(®,)= diag(A‘(ppi)Dz#mvp (- 71111111), (7.1)

What then happens? Of course, similarly to what diacussed in section 8 of [1], the vacuum
commutes such that[CDP,/] iJ=0, 1=1...48. It also self-commutes witlG, that is,

[GDP,G]:VP[G,G]:O. But let us look at the fermions themselves. Tieutrino, with

P . ) .
% —‘G = 2—mE7>, becomedractured from all the other fermions wﬂ‘ﬁ —2—@>

longer decay into any of these other stateesthe generator G that was used to break the
symmetry. It would be as if the red quarks in Q@&re suddenly forbidden from decaying into
green or blue quarks — but of course they can dmesause the QCD symmetry is never broken.
If G is a gravitational generator, then the neutrino i©a longer undergo gravitational decay
through G into any other fermion. But itnay still undergoother types of decay through the
generators ofther interactions. Let’s elaborate:

, and can no

If the neutrino is to decay into any other fermadter the symmetry is broken via (7.1), it
must decay into a fermion for which one of the othenerators has theame charge value as
that of the neutrino. Referring to Table 2 to m#ke clear, this means that the neutrino still can

undergo aA® decay into au, quark because each ha¥ =0. And it can still undergo 4>
decay into any up quark, because these and theineeatl havel ? =1. Most importantly, as

will become central in the discussion below, thatneo can still undergd3 — L =Y, decay into
an electron because both the neutrino and therefetiave the sam&-L =Y, =-1 and so
form a doublet undeB—-L =Y. This latter ability for the neutrino and the atfen to decay

into one another as like-charge members Bf-aL =Y, =-1 doublet, lasts until the electroweak

symmetry is finally broken at much lower (Fermieegies into the electromagnetic interaction,
and also leads to the left-chiral nature of theknateraction.

Now let’s look at the remaining fermions. Eveteathe symmetry breaking (7.1), these
fermions are completely free to decay into one larovia the gravitational generator G,

because they are all Iike-valu#@ Z%ﬁ) eigenstates db. Indeed, starting at the Planck scale,
and until one drops down to GUT energies on themod 13° GeV, these seven other fermions
remain part of an SU(7) septuplet. Since all adsth fermions are united by the common
characteristic that they are born through the lieation of positive (+) energy vacuum
fluctuations, we shall refer to this group as SU(Thus, between the Planck scale and the GUT
scale, the gauge group QU (7), xU@),. The U@, emanates from the commutation of

[GDP,G] :VP[G,G] =0, and is based on a neutrino singl'ect‘G ==5k E7>, and a septuplet of

the remaining fermions all of which are‘i@ :2%/?8> states.
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Now let’'s progress down the energy scale and bteakB—L =Y, in the vicinity of
Veur ~10°GeV using (5.2). The residual gauge groups are nosetlshown and discussed in

(5.6), but let's again look closely at how the fesns are fractured, and let’s also look at the loss
of two generators going fror8U (8) - SU (6) .

Referring now to Table 4, the® A* generators are no longer in play as vertical
generators, because two generators are lost gang$U(8) to SU(6). These do not disappear
entirely, but become horizontal as already disalissea manner we shall momentarily develop
further. As to the remaining five linearly-indeplemt vertical generators in Table 4, the
electrons and the quarks still remain a gravitaticseptuplet and so can in theory undergo
gravitational decay into one another. But by°1BeV and below gravitation has become so
weak thatA*® decays should no longer be an option. Following rule that after symmetry
breaking the only decays which are permitted acagefor which the decaying fermions have a
generator with like-charge, the remaining decaygaop are as among the sextuplet of fermions
with B-L =1, and between the doublet of fermions with-L =-1. The former decays
among fermions in th& - L =1 sextuplet, consist of QCD strong interactions gis@mong the
R, G, B color eigenstates based on th€,A'® generators, and weak decays between states with
Y, =117 :i%>. The latter decays between the two fermions m BrL =-1 doublet,

consist of weak decays between the neutrino andekbetron withY, =-1 and respective
N =+%. Now, however, most importantly, the quarks haeeome fully fractured from the
leptons, and there is no more decay permitted letwepiarks and leptons. And, as was
developed in detail in section 8 of [1], the brewkof B—-L creates stable magnetic monopoles
71,(U 3o )x (U 1)) =, (U (1)) = Z which manifest as protons and neutrons formipgn)

with B=1. And, withB—L =Y, as noted at the end of section 5, the weak ictierabecomes

non-chiral to go along the with chiral non-symmetdy baryon interactions as discussed in
section 5 of [1].

So the B-L symmetry breaking is responsible for several mnetated phenomena: it
brings about the three generations observed atlwvgy, it brings about protons and neutrons,

it forecloses lepto-quark decays, and becaBselL =Y, , it brings about the broken chiral
symmetry of the weak interactions.

Now, at some level, everything discussed so fahis section about fermion fracturing
because of symmetry breaking restates what isylideVious, because it is known ttuee of the
very basic consequences of symmetry breaking is that it forecloses certain decays which are
permitted to occur in the higher state of symmetry before the symmetry is broken. But the reason
for focusing on fermion fracturing in this way, liecause we will now venture into the not-
obvious realm of generation replication and appbse observations to understand what happens
there as well.

If the rule is that after symmetry breaking fermsocan only decay into other fermions
with like-charges under some interaction that was use to break the symmetry, then what
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happens afteB - L =Y, symmetry breaking to thisorizontal generatorsi*®,4*?  Not only

have quarks become fractured from leptons, 8it1*> have themselves become fractured from

the other generators! So we not only have quark fracturing, we hgegerator fracturing. |If
we follow suit, then it would seem that a similat ef rules may well apply. Let’s explore.

First, referring to Table 2, diagt*®)= -5 ( 06 & % 1-1-1-1)  and

dia )l35)—2—ﬁ( 005; % 1- 1-1-1) are the two fractured generators. Because thesenger

differentiate an observable vertical symmetry, biiit do provide two degrees of freedom as
illustrated in Figure 1 in section 5, let us tramsf these two generators in#*®, A'* with the
eigenvalues shown in Figure 1. No new calculat®orequired: we simply use (4.3) and (4.4)
but without 2 and A*, and so redefind *°, ** —. A'*®, A"* according to:

A,485g/]48_ﬁ/]35_\/%/124' (7.2)
/]'355 \/%/135_\/%/124' (73)

Itis readily seen thatiiagd’ *°)=-1-( 02 % 10000) anddiagA’ *)=4( 00% 10000). So

these generators now do yield the SU(3) configonashown in Figure 1, albeit with eight
eigenstates, five of which are all zero-valued @&iwhl, and three of which are not. We can now
label these three non-trivial eigenstates as:

‘/1148__ ) B O> (7.4)
ﬂsA%:Z@JWSQ (7.5)
I = /1!48:_2#\/5'/1135:_%>, (76)

precisely as illustrated in Figure 1. However,sthare now free-floating generators once the
B-L =Y, symmetry is broken, so they no longer prowedical symmetry quantum numbers

for any of the fermions, as illustrated in Tablesar®8l 4. Rather, they appear to provide a
replication of each fermion into three generatioBsit if this is the case, then they should lead to
other facets of generation replication as well,luding Cabibbo-type mixing, and the
observation that the only way a particle from om@megation can transform into a particle of
another generation is via weak interaction decaryd,not directly. As we shall now see, this is a
consequence of the fermion fracturing highlightbd\ee.

Because the generatoA$*®, A'* have become fractured from the other generatois, a

given what we know about the fermion generationsnflexperimental observations, it appears
that each of thee, 4,7 eigenstates is fractured from one another soitl@now forbidden for a

direct transition to take place between any of the thstdes (7.4), (7.5), (7.6), i.e., no
interactions may take place any longer via #ié® A'®* (or A%, A*) interaction generators.
Any interactions thatlo take place, must occur vaémother generator for which the charges are
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the same as among the fermions involved in theydeddis is exactly like the discussion we
had at the beginning of this section about thenmeutn relation to the remaining fermions from
which it become fractured at,, or the fracturing of the quarks from the lept@ts/g,; . In

order to undergo decay, a fermion must find a diffié generator and a different fermion which
has the same charge with respect to that diffeyenérator.

So referring to Table 4, if a first-generatiefermion is to decay into a second generation
u fermion or a third-generationfermion, it must to do so via a generabtiter than A'*%, 1'%,
into a fermion for which it shares atentical charge for that other generator. For the leptons,
this is straightforward: the electron and the riaotishare a common chardg—-L =Y, =-1,
and so for a first generation electron to beconsea@nd generation electron, it must go from
e - v, - u, all of which have the samB-L =Y =-1. One may think of this is a post-
symmetry breaking “decay loophole.” Again thiseisactly what was discussed earlier with
regard to fermion fracturing. And so, for the fitsne, we see Cabibbo mixing and neutrino
oscillations, because that is exactly how thesekvas well. This also explains flavor non-
conservation as regards the generations: at theotrel- v, - y, what started as a first

generation electron is now a second generatiorretec

For the quarks it is a little more complicated¢cdngse this transition rules needs to be
strengthened. In particular, if a fermion can ugdeae - u ~ 1 transition by decay through
at least one generator that is the same for both, then, formgpte, referring to Table 4, one could
observe au, — Cg transition, because both thg, and thec; have the sam&-L=Y, =1.

This would imply that Cabibbo mixing can occur rastly via weak interactions but also via
strong interaction, and the latter, of coursends observed. So fohorizontal symmetry
transitions, it appears that we have to tightenrtibes even further. Specifically, it appears that
for ahorizontal transition to be permitte@l| of the degrees of freedom in Tables 3 and 4 must

be the same as between the two fermions involved in the decay. Table 3 actually illustrates this
rule the best, because this rule says that a hdake - u ~ r transition must occur either as
a transition between the first and fifth, second aixth, third and seventh, or fourth and eighth
fermions in Table 3. These are the fermion doslfi@t which:

(v.e)=|B-L=-11"%=01"=0Y, =-1), (7.7)
(Up.dg) =|B-L =3,4" =4, A 2= 0, =3), (7.8)
(Us,dg)=|B-L=4,4"°=~ 22 A= 1Y, =1), (7.9)
(Ug.dg)=[B-L =4, = =0 A= =1, =1). (7.10)

One can have neithee o y o 7, Nor v, » V, o V,, NOr U Cot, nor desob

transitions, because each of these has diffeféfft A'* eigenvalues. These states are all
fractured from one another. One cannot have istexgational transitions betwee(n,e) and
any of the quark doublets because these have breetured from one another bB-L
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breaking. One cannot have intergeneratioRal G - B transitions among (7.8), (7.9) and
(7.10) because although QCD is never broken, th® Qénerators are different as among red,
green and blue states. dfiy vertical generators, any horizontal generators are different as
between two fermions, then based on what we obst#reeapparent rule is that the transition is
not permitted. So all that is permitted — the ofibophole” left for decay — are the -~ €,
U, ~ dg, U; » dg; andu, ~ dg transitions, because these are the only transitionwhich

all of the generators listed are the same for botimiters. And here, because of the tightened
rules when it comes to horizontal transitions baseftactured generators, even the right-chiral
generatorYy is excluded, because this too@ the same as between the members of each of the

above doublets. This is why we have shownin the above but noY;. This means thainly
the left-chiral states may participate in transitions between the. y ~ 1 states in (7.4) to
(7.6). Observationally, we know that this is cludeastic of left-chiral weak interactions as well.

These stronger rules for the horizontal generamoay be understood because for the
horizontal generators, not only are some fermiostéired from other fermions, buhe
horizontal generators themselves are fractured from the vertical generators. So for a vertical
generators that breaks symmetry but is not itsetftired from the other generators, transitions
are permitted so long aat least one other vertical generator provides the same chasgge
between the two transition states. But for a gaioerwhich has itself been fractured from the
other generators, the rule is even more restrictMew, transitions are permitted onlyal of
the involved vertical generators provides the sahage as between the two transition states.

Now, the astute reader may notice that the etectnargeQ is alsonot the same as
between the two fermions in any of the doublet§7i) through (7.10) aboveQ(v,e): (0,—1)

and Q(u,d)= (%,—%) as between the members of these doublets. Andhesauestion might be

asked, why are even these interactions permiti&fi@r all, this changes the generators also, so
by these rules, shouldn’t this be forbidden al€# further reflection makes this answer clear:
the electric charge does not emerge ghyaically-preclusive generator until it is used to break
the electroweak symmetry at much lower energieseradehed by the Fermi vacuum
Ve =246.21965GeV. This is the same way in whidB—L is not a preclusive generator until

its breaks symmetry at GUT energies. So indeede ame break electroweak symmetry, no
transitions are permitted between generations. &uthe same time, neither wilk ~ e or

U ~ dbe permitted, but this is because weak interactawasno longer permitted either (in the
historical sense that the weak interaction becoiwesk”). So what we learn from this, is that
the ability of fermions to change generations wiix and wane in lock step with the weak
interaction itself, just as is observed!

By imposing the more stringent rule that once th&, A* interaction generators have

become fractured from the other generatorsBoyL symmetry breaking av.,,; ~10"° GeV,

no horizontal transitions are permitted among #hé)(to (7.6) states unleaH of the remaining
generators — chiral symmetric or not — are the sambetween the fermions involved in the
transition, we arrive at precisely the type of miihat is observed in nature as among the three
generations. This makes generation mixing partpgandel of weak interactions, while excluding
the strong interactions and even the right-chiates from participation in generational mixing.
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So, now we take the final, formal steps to impletal of this. Referring to section
12.12 of [12], the two generatord **, A'** introduce two degrees of freedom and so define
three-non-trivial horizontal eigenstatesy,r in (7.4) through (7.6) and Figure 1, representing
eigenstates of SU(3), but precluded from direaigfarmation into one another according to the
rules just outlined because they are fractured rg¢ors. SU(3) can be used to form unitary
matricesU with 9=3x3 components. Because the only permittadsitions are (7.7) through
(7.10), we can alter the phase of any of the 2x3mr@rk states which we designate
(uD,d D) = (u,c,t,d,s, b) following Table 3, without altering the physicBut one may omit an
overall phase change which still leaves the physigariant. This means that must be a
function of 9=3x3 minus 6=2x3 plus 1 parametems.,, 4 parameters. But an orthogonal 3x3
matrix only has C(3,2)=3 real parameters, whiclvésaone residual phase. So for the leptpns
we may choose to form this matrix in the repredenta

1 0 0Ya s& ss) (g G 58
U=|0 ¢ s|-S G CS|=[-SC CCG-58€¢" ces+sce’ |, (7.10)
0 =S, G 0 _S\sei(s Csei(; | SS, —018203—02538“5 - 15253"'(3203@(s |

and for the quarkg we form the analogous:

1 0 0)Y¢qg sG ss G SG S5
U;=|0 ¢ S|-S C& CS| =[-SC CCG-SSE"  CLS+sce’ | .(7.12)
0 -s, A0 - Sseié Cseié q SS,  TCSG T Cz%eié —CSS C2C3ei6 q

To implement the lepton mixing, we keep in mindnfr (7.7) that for a€ o 4 o 1
transition to take place which alters the quantwmliners in (7.4) through (7.6), we cannot go
directly frome - u ~ 1, but must engage in a vertical transition betwtkmstates(v,e) in

which all of the generatorsB-L =-1,1'°=0,4"°=0,Y, =-1 do not change. The only

permitted transition i ~ €. Now, one can always apply (7.11)koth of (V,e), but then one

of them can always be transformed into a pure stdiiée the other is similarly transformed,
without changing the physics. In other words,tladlt is observable is thelative transition as

between (V,e). So following the usual conventions, we use (¥.tdl transform the lower
members of the(v,e) doublet, that is, wdefine:

e) (¢ sCs ss, (e
€ =| ' |=|—SC, CC,C— stselé CCS + Szcsew u|l=Ue, (7.13)
r' SS, —CS,C—C,5€" —CS,8 +C,ce” |\ T

Similarly for the quarks of each col@=R, G, B, we define:
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dC C1 S1C3 Sls3 dC
[ ! io io —
de, =| S -SC, CC,C;—S,S.€ C,C,S; +S,C,€' Sc |=Uqdc;s (7.14)
] ) i0
be $i1S;  TCS,03—CS€°  —CiS,S; CCE q be

BecauseY; is not the same as between the members of each of Heti{fough (7.10) doublets,
right-chiral transitions are also precluded, anel ¢imly permitted transitions are for left-chiral
states. So these will be projected Wg(l—ys). Further, becausd'® A'® are not the same
except as between members of the four distinct doubletg7i7) through (7.10), the only
permitted transitions will be between one leptod another lepton, and between a first quark of
a given color and a second quark of the same calbis keeps the strong QCD interaction out
of generation-changing transitions, and makes #msexclusively weak, left-handed chiral
phenomenon. So for leptons, the transition cusreult be:

c SC; S, e
Jlﬂ = (Ve V,U V, )J/ = SC, CC,C; — Sz%ei(s CC,S; + Szcsei(; %(1_ y5 H (7 14)
SS;,  TCSC T Cz%ew —CSS Czcselé | ) .
=Yy, %(1_y5)q = Viyﬂ%(l_ys)q =V, Ve,
And for quarks of each color, they will be:
¢ SC S8 de
‘Jq/j = (uc Cc I )y = SC,  CCL— Sz%el(;_ CCS; + 52C3e|5_ %(1_ y5 S (7.15)
SS,  TGSG T Cz%el(; “CSS C2C3e|5 q be .

= Ui ”Uq%(l—y*s)dic :Uicyﬂ%(l_ys)di'c = U Vi

So, returning to the question posed at the vetgedwf the discussion following Table 2,
not only does SU(8) not providemo much freedom, but upon careful consideration and
development, it provides exactly the right amouinfreedom to explain the precisely observed
fermion phenomenology of three generations. Furtweapplying the rule that fermions which
are fractured from one another after symmetry bnga&annot decay into one another except by
a vertical interaction other than the vertical ratgion that was used to break symmetry, and that
decay with regards to a fractured generator whieneafter becomes a free-floating horizontal
degree of freedom is only permitted between fernamenstates for whichll of the surviving
vertical generators are the same, we can use StJ@plaineverything that we know about the
qualitative features of the interactions we obsefi@m generation replication to weak chiral
non-symmetry to Cabibbo mixing to the fact thatstimixing occurs only via weak isospin
decays between left-handed states.

Before concluding this section, let us now rettarithe first three generator®®, A**, A*

of SU(8). Based on the earlier review of hdt breaks symmetry near the gravitational Planck
scale and sets the neutrino on a trajectory to hawass orders of magnitude smaller than that of
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any other fermion; given how th&*®, A* fracture from the other vertical generators anunfo
the basis for two horizontal degrees of freedon timgerlie three fermion generations in which
one fermion is distinguished from one another sobgl mass and not by any other quantum
numbers from a vertical degree of freedom, andrgth@t mass and gravitation are inextricably
linked such that gravitation is the “mass inte@tfi we now formally associate these three
generators with the gravitational interaction,hegt €lementary particle level. Using (7.4) to (7.6)
and (6.5), we highlight this connection below:
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Table 5: Mass Degrees of Freedom afforded by the @vitational Interaction

The horizontal degrees of freedom frotff, 2*> which to enable the fermions in each generation
to have distinct masses in relation to their coypates in the other two generations are shown
horizontally above, while the vertical degree adelomG enabling each fermion within a
generation to have a distinct mass is shown vdtiehove. Of course, with SU(@yemaining
unbroken,different colors of the same flavor of quark have the same mass. As noted earlier,
using thell notation, the vertical gravitational generaBdoes not distinguish thell,d 1, el]
masses from one another within a generation. ®aghtenergies, as noted, the fermions within
a generation all have the same mass. It is ombuth the stages of symmetry breaking and the

remaining generator8-L=Y,, I? and Q, that the mass spectrum within a generation

separates. This may be thought of as mass/endfggedces emanating from the strong, weak,
and electromagnetic interactions, i.e., one mayngegjuark masses to differ from electron

masses because they are quarks not leptons, anthayneegard up and down quark masses to
differ because their weak isospins and electricgdmare different.

As to interactions, the seven generators of SU@®Y are allocated as follows: three
degrees of freedom go to gravitation in the formif A’ *8 A’ *°, two degree of freedom go to

strong QCD interactions vid'®, A" ®, one degree of freedom goes to weak interactiéad ¥,
and the final degree of freedom goes to electromtagrinteractions vi&). Seven linearly-
independent degrees of freedom, and eight verfization eigenstates, thus account perfectly,
with nothing missing and nothing superfluous, toe bbserved phenomenology of the fermions
and their interactions.
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8. Summary and Conclusion

We have in the foregoing focused on the breakingymmetry at the Planck scale and
the GUT scale, which, astronomical observationggsgimany orders of magnitude beyond what
we may ever hope to observe directly. The finagstof symmetry breaking is electroweak
symmetry breaking at the Fermi vey = 246.219656GeV. This is in the realm of observation,
and the generator used to break this symmetryasetactric charge generatQ. This final
symmetry break gives rise to the electromagnetteraction which dominates atomic and
chemical structure and much of what is most diyeotbserved in the natural world beyond
gravitational interactions. That is, beyond olgefalling to earth and planets wandering the
heavens along prescribed trajectories, electrontagmhenomena in electromagnetic and
chemical and atomic form are our first line of direxperience of the natural world. Our
experience of nuclear phenomena — based on thengr@nd neutrons which come to life as
stable magnetic monopoles at the GUT scale asdwas feviewed here and in [1] — comes to us
through the laboratory instrumentation that we usegktend the range of our physical senses.

When we break the electroweak symmetry we makeoliige electric charge generator
(4.6), and analogously to (5.1) through (5.3), wely the Fermi vacuum:

CDF :/vWF :VFQ' (7'1)
which specifically means that:
diad®, ) = diadT' @, ) = v (0.3,-3.-1,-1-12,2) = v, diagQ. (7.2)

Picking off the coefficients from the generators(46), for each non-zero component of the
vacuum we then have:

N R AN B NV NEVR R A B VAN (&)
which leads to:

P+ G g+ % P = (B g+ Bt =10y =CR (7.4)
and consequently an electroweak Clebsch-Gordoriiceeit:

C= (7.5)

Sl

This is how the electroweak symmetry is broken tfog SU(8) group that we have
developed throughout this paper. This final synmgnbteak fractures all fermions of different
electric charges from one another, and so precltitss decay into one another. Referring to
Table 4, weak isospin transitions between up andndauarks with differing charges
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Q(u,d)= (%,—%) are now precluded, as are similar transitions betwelectrons and neutrinos

with Q(V,e):(O,—l). This shuts down the weak interaction (in thedmisal view, renders it

“weak”), and because weak isospin decays as rediemwé¢he last section are tloaly avenues
permitted for generation-changing transitions, gati@nal transitions also are turned off in lock
step. The only transitions still permitted afte¥otroweak symmetry breaking, given tlgais a
vertical symmetry generator and so not subjecth& very stringent rules laid out in the last
section for horizontal transitions, are the vetticalor-changingR, G, B transitions of QCD,
which are still allowed to occur because the quankslved in these interactions are part of a

triplet in which B-L =3 is the same for each. That is, the only permitiedays once

electroweak symmetry is broken, are decays aloegBhk L generator for particles of like
B-L, which, of course, are strong QCD interactions.

Now, following three stages of symmetry breakingt-the Planck scale, the GUT scale
and the Fermi scale — all of the fermions have tmecfractured from one another, generation
transitions cease, and the particles are frozentih@ configurations of our everyday experience.
The SU(8) symmetry with seven generator degredseefiom that we started with in Table 2
still does exist, but it has become hidden andodisti behind twenty orders of magnitude of
vacuum screening and three stages of symmetry inge#tkat have fractured neutrinos from the
other fermions, broken the Planck symmetry betwsasitive and negative energy fluctuations,
fractured quarks from leptons, fractured two gatwes from the remaining five to provide
horizontal generational replication, brought abGabibbo-type mixing among these generations
for left-handed chiral projections only, and firyaliractured the upper and lower members of the
like-hyperchargey, (weak isospin) doublets from one another, turnédha weak interactions,
and frozen the particles in place so that all weeoke at the lowest energies are electromagnetic
and strong interactions, as well as the bulk imt#wa of gravitating masses.

This GUT, which is based on the hypothesis thaiydres are Yang-Mills magnetic
monopoles and is rooted in the SW4nd SU(4y subgroups developed in section 7 of [1]
which yielded over half a dozen accurate prediction[1] and [2] as reviewed in section 1 here,
leads systematically to all of the qualitative pdetand interaction phenomenology which we
are able to observe with our senses and the egtertfi our senses through experimental
apparatus. But the confirmation of the particUBlWT proposed here, versus other possible
GUTs which reproduces similar phenomenally, neemlscame through mass and energy
predictions which continue the successful empiriceltches developed in [1] and [2]. As
discussed in section 3, one would expect that tkeesegy predictions should come about by
developing the remaining -containing terms in the Lagrangian density (3.B)a we have not

yet developed, and then making use of these tailetcvarious energief = ~|[[2d°x to be
matched up with empirical data. Along the way, deeelopment should proceed on a parallel
course to that of sections 2 through 11 of [1], mgkuse of the non-Abelian Klein-Gordon
equation (3.10), representing scadawrces as J = ¢ , employing the same sort spin sums and

the same Gaussiamsatz for the fermion fields that was developed respetyiin sections 3 and
9 of [1], and keeping in mind the clues we havdetated in (3.6) through (3.8) and (3.11) here,
all while employing the GUT and symmetry breakihgtthas been elaborated here.
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It is clear from [1] and [2] that iwill be possible via this approach to calculate and
predict definitive mass and energy values, justaasbeen done previously in [1] and [2]. It will
then be left to interpret those numbers as werdgkctions 11 and 12 of [1] and throughout [2],
and to compare them with experimental data to drphitain numerical matches. That is, we
clearlywill be able to calculate energies. The questionbgilvhether the energies we are able
to calculate will to match the empirical data adlas they did in [1] and [2].

Success in this endeavor, if it should arrive, wlowdlidate that this particular GUT may
indeed be the one that nature has selected to mtvephenomenology of the material universe,
and would provide some confidence that the devedyiralaborated here does reach “behind the
veil” to explain how nature really does operateemergy domains likely to forever remain
beyond the reach of our direct senses and the smterof our senses gained through
experimental devices and methods.
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