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Abstract: In several previous publications the authas presented the theory that protons and
neutrons and other baryons are the chromo-magmatinopoles of Yang-Mills gauge theory and
used that to deduce the up and down current quaakses from the tightly-known Q=0
empirical electron, proton and neutron (EPN) masséh commensurately high precision. This
is then used as a springboard to closely fit a watgge of empirical nuclear binding and fusion
energy data, and to obtain the proton and neutrasses themselves within all experimental
errors. This paper systematically pulls all ofsthogether and a) establishes that this way of
defining current quark masses constitutes a vakésarement scheme, b) lays out the empirical
support for this theory already established viaared nuclear binding and fusion energies as
well as the proton and neutron masses themselyasslidifies the interface used to connect the
theory to these empirical results and for the fiigte uncovers a mixing between the up and
down current quark masses, and d) presents cldaly and why the underlying theory is very
conservative, being no more and no less than a de@umathematical synthesis of Maxwell's
classical theory with both the electric and magnéeld equations merged into one, Yang-Mills
gauge theory, Dirac fermion theory, the Fermi-DiRauli Exclusion Principle, and to get from
classical chromodynamics to QCD, Feynman path natson.
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1. Introduction: Istherea Valid Method for Defining Quark Masseswith
High Precison?

In two earlier peer-reviewed publications [1], e author demonstrated within parts
per 16 AMU and better precision how the binding and fasemergies of théH, °H, *He and
*He light nuclides as well as the binding energy°6t could be explained as a functionoofy
two parametersnamely, the current masses of the up and dowrksjutound with extremely
high precision in AMU to ben, = 0.002 387 339 327 u angj = 0.005 267 312 526 u, see [10.3]
and [10.4] and section 4 of [2] as well as secfi@rof [1]. Using the conversion 1 u = 931.494
061(21) MeV [3] this equates with some loss of @iea [4] tom, = 2.223 792 40 MeV anuly
=4.906 470 34 MeV, respectively. In an InternagloPatent Application published at [5], this
analysis was extended thi, ‘Li, ‘Be, °Be, B, °Be, 1%Be, !B, *'C, **C and*N with equally-
high precision. And in [6] this analysis was exted using the Fermi vex=246.219651 GeV
and the Cabibbo, Kobayashi and Maskawa (CKM) masksnixing matrix as two additional
parameters, to explain the proton and neutron maske= 939.565379 MeV andMp =
938.272046 MeV [7¢ompletelywithin all known experimental errors

Yet, there is one underlying point which has neérb sufficiently explained in any of
these prior papers: the Particle Data Group (PDsE these two current-quark masses to be to

m, =2.39.MeV and m, = 4.8 MeV with large error bars of almost 20% for the dovuardg

and almost 50% for the up quarks, “in a mass-indéeet subtraction scheme such MS
[modified minimal subtraction] at a scaje=2GeV.” [8] (Here we shall us€ rather than..

Note that MS and similar renormalization schemes are used worabdivergences from
perturbative calculations beyond leading ordeir) other words, the PDG values are extracted
for a given renormalization scal@ and are actually a function of this scale and o t
renormalization scheme. So although thege 2.223 792 40 MeV analy = 4.906 470 34 MeV
found by the author are well-placed near the cenfethese PDG error bars, the claimed
precision raises the question: can we really thidua and understand these quark masses with
such high precision in a fashion whichimlependenbf renormalization scale and scheme?
More plainly put: is there some sensible way to entile simple declarative statement that “the
Q=0 up and down quark masses are X and Y,” with & drbeing some mass-energy numbers
which have an extremely small error bar due to ingtbther than the accuracy of our measuring
equipment? Is there a sensible, definite, unanauiguvery precise scheme we can use to define
the current quark masses, consistent with empidatd, which scheme is renormalization scale-
independent?

Specifically, the author’s prior findings that, = 2.223 792 40 MeV analy = 4.906 470
34 MeV, which when represented in AMU has a preaigilose to a billion times as tight as the
PDG error bars, even rhathematicallycorrect in relation to the nuclear energies withiol
these quark masses are then interrelated, presippasderstanding of how these quark masses
are to bephysicallydefined and measured. Without such an undersignttie author’s prior
work is incomplete, and to date, the author haglivectly and plainly presented and articulated
this understanding.
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The intention of the present paper is to remedy deficiency by making clear that the
mass defects found in nuclear weights which amtedlin a known way to nuclear binding and
fusion / fission energies, are in fact a sort oficiear DNA” or “nuclear genome” the proper
decoding of which teaches about nuclear and nud&octure and the masses of the quarks in a
way that has not to date been fully appreciatad.cdntrast to theéuclear scattering schemes
presently used to establish quark masses, whichalardeased on renormalization-dependent,
energy scale-dependent experiments involving soagteof nuclides and nuclei, the scheme
which has been implicitly used by the author whictis paper will now make explicit, is one in
which the up and down current quark masses ar@atefatQ=0 directly in terms of th€=0
empirical electron, proton and neutron (EPN) mageely the electron mass and the neutron
minus proton mass difference) via two “primary telaships” (3.1) and (3.2) infra, and
thereafter enjoy a number of very accurate relatigrs with a range of light nuclide binding and
fusion energies and related defects in nuclearht®igin this “EPR scheme” which is supported
by the observed mass defects, the up and downntuquark masses are defined by and seen to
be related to objective, very precise, experimadependent, scale-independent, long-known
energy numbers that have been experimentally foamdl catalogued for the nuclear mass
defects, weights, binding energies, and fusiossidn energies.

The problem we confront, which we will elaboratesection 2, is that all scattering
experiments essentially bombard a target and them forensic analysis of the known
bombardment and the found debris to learn abouh#tere of the target prior to bombardment.
In contrast, nuclear mass defects require no basniemt of anything, and are no more and no
less than an experiment-invariant expression ofeanoveights and of the energies which are
missing from the nuclear weights against if oneewntr simply add up the weights of their
protons and neutrons when seen in a free statethisncontext, the prevailing scheme for
characterizing quark masses has wide error bamubedt is based on “bombing” the nuclides
and nuclei and so yields results which depend ersfiecific bombing runs carried out, while the
scheme to be elaborated here has very high pradi&oause it is a “weighing” scheme which
uses only nuclide and nuclear weights and the éteetron mass to define the current quark
masses and so inherits the precision with whickahgeights are known and also inherits the
benefit of not being experiment-dependent. Sostiieeme to be articulated here has very tight
error bars because it is based on non-intrusivéeau¢weighing” rather than highly-intrusive
nuclear “bombing,” and because nuclear weights Hedves are very precisely known and do
not vary by experiment while scattering experimentsoduce renormalization and scale issues
which make it difficult to establish an approach $pecifying the masses of confined quarks
with the same precision as the masses of freecfemti Before reviewing this problem more
deeply in section 2, let us briefly summarize thmainder of this paper.

In section 3 we introduce two “primary relationgiipemerging from the underlying
theory that protons and neutrons and other bargwasthe chromo-magnetic monopoles of
Yang-Mills gauge theory, through which the currgoairk masses are defined in (&0 limit
based on th€->0 electron rest mass and the>Q neutron minus proton mass difference (EPN
scheme). We then lay out the three primary questio be reviewed in the balance of the paper:
1) given the confinement of quarks which means dhfate quark can never be directly measured
in the Q>0 limit, is this a valid measurement scheme foirdlefy current quark masses?; 2) if
this is a valid measurement scheme, is there tseaondary” support from other empirical data
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beyond the EPN masses, such as from nuclear weigttbinding energies? and 3) is the theory
that protons and neutrons and other baryons arehifteno-magnetic monopoles of Yang-Mills
gauge theory based on firm, conservative, welketesand widely-regarded theoretical
foundations, and does it provide a clear and pedoterface between theory and experiment?

In section 4 we answer the first question, showiog this is indeed a legitimate and
unambiguous measurement scheme. In sections 6 aedanswer the second question. Section
5 reviews how the empirical side of the theorettoaémpirical interface leads to new
understandings of phenomena such as quark confitear@ nuclear binding, the binding
energies of light Hydrogen and Helium nuclides, #mal proton minus neutron mass difference
which is then elevated to the primary relationgf8j2). Section 6 reviews the evidence that the
primary relationships obtained from this theoryadbtprecise secondary empirical support from
a broad range of nuclear data. In the remaindehefpaper we answer the third question.
Sections 7 and 8 review the interface between tigenlying theory and its empirical validation
with a degree of specificity not previously presehtand in section 8 this includes uncovering a
form of mixing between the up and down current guaasses which does not appear to have
previously been found. Section 9 concludes witlery concise review of how one gets to from
the underlying theory to the theoretical side @ theoretical-to-empirical interface, and makes
clear how this is not a new theory, but is a newfyly-deductive and inexorable synthesis of
Maxwell (both the magnetic and electric chargedfietjuations), Yang-Mills, and Dirac theories,
the Exclusion Principle for fermions, and to crasger from classical to quantum theory,
Feynman path integration. So for someone with isgiguscientific skepticism to believe and
accept that protons and neutron and other baryen¥ang-Mills chromo-magnetic monopoles
requires no more and no less from than the bdiedfall of these component theories are correct,
the belief that when mathematics is correctly aggpto combine input component theories which
themselves are also correct, the result of thahemahtical synthesis will be equally correct, and
the belief that when the results of such a synshéed widespread empirical validation, the
entire enterprise must be earnestly regarded.

2. Running Couplings, Vertical Confinement and Horizontal Freedom
Asymptotes, Dimensional Transmutation, and the Q>0 Limit in QCD

The electromagnetic interaction and the electrdnclvis a most important fermion
source of this interaction furnish the best startpoint for analyzing the questions about
renormalization and ambiguity posed in the intrasuc Maxwell's electrodynamics when
extended into non-abelian domains by Yang-Mills ggauheories and when SUE3)s the
particular Yang-Mills group chosen for consideratics the template that one customarily uses
to study strong chromodynamic interactions. Anel ¢ectron which is an elementary spin %
fermion subsisting in a U(dy) singlet following electroweak SU(Z)x U(1)y symmetry breaking
is the template best used to draw a contrast witltkg which also have spin Y2, which are also
regarded as “elementary” (at least to the sameedegnd in the same manner as electrons are
elementary), but which form an SU{3)olor triplet.

It is also important to keep in mind that Quant@hromodynamics (QCD) is a branch of
elementary particle physicsmsofar as it is used to describe the strong acteyns between

colored (R, G, B) quarks such as up and down quark fla\Adwbi-coIored(e.g.,ﬁG) gluons,

6
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all confined within a baryon. Meanwhilauclear physicas used to describeolor-neutral
baryons such as the proton and neutron baryon rBavavith a wavefunction
RUOGOB= RGB+ GBR+ BRG- RBG BGR GR that is antisymmetric under color
interchange. And the nuclear interactions of thbagyons are mediated vieolor-neutral

mesons with a wavefunctioRR+GG+BB that issymmetricunder color interchange and which

have short range but are not confining, such apitheflavored mesons originally predicted by

Yukawa [9]. Although the elementary particle plegsof colored quarks and bi-colored gluons
and the nuclear physics of antisymmetric color-r&@ubaryons and symmetric color-neutral

mesons are often lumped together as one disciplih@ose discourse, they are in fact distinct
disciplines bridged via so-called hadronic physics fashion that to this date is still not fully

understood. In many ways understanding baryonkeashromo-magnetic monopoles of Yang-
Mills theory strengthens the understanding of thisdronic bridge between elementary
chromodynamic particle physics and nuclear physicadvance unification among all of these
physics disciplines by showing how the masses aflquwhich are elementary and colored are
interrelated with the masses and binding energiesiuzgleons and nuclei which are not

elementary and are color-neutral.

It should also be kept in mind that the authon'ssis first published in [1] that baryons
are the chromo-magnetic monopoles of Yang-Millsggatheory is closely tied to the fact that

baryons have a color wavefunctorROGOB=R[G,§+ d B,R+ B R, which is
antisymmetriaundercolor interchangewhile magnetic monopoles$ F,_ +0 F_+0 F_, where

o' uv U vo v au
the strength tensof,, = -F,, is antisymmetric whether abelian or non-abeliaveha spacetime
index symmetryo OuOv = o[ u,v]+ulv,o]+v[o,u] which is analogouslyantisymmetric
underspacetime index interchangen the former case there are three colors anthenlatter
three spacetime indexes, and in both cases thecligtege symmetry is antisymmetric in
identical fashion. The physically-meaningful lifdetween these alike color and spacetime
symmetries which demonstrates that baryans the chromo-magnetic monopoles of non-
Abelian gauge theory — i.e., the connection whidvaaces us from like-symmetries to the
formal identificationof chromo-magnetic monopoles with baryons — istdisthed in section 5
of [1] and deepened in section 10 of [10] whiclpiesently under review at Physical Review D
as manuscript DK11244, through the applicatiorheffermi-Dirac-Pauli Exclusion Principle.

Now, when we talk about the electromagnetic irtiéoa, we can readily state that the
dimensionless “running” coupling of this interactice measured to be the rather precigg, =

e’/ 4mhc = 1/137.035 999 074 for low probe energies, wheeie the electric charge strength,
and specifically, that this “fine structure” numhbsrthehorizontallyasymptoticvalue ofaem as
the renormalization scal® - 0 with Q plotted horizontally and the functiam.{Q) plotted
vertically. We also know that as the renormal@atscaleQ is increased, so too is the strength
of this interaction, which in quantum field theasyan important distinguishing feature between
an abelian interaction and a non-abelian interacti®o for example, whe@ = M,,, we also

haveaem = 1/128 [3]

Likewise, when we talk about the mass of the ebectwe can state that. = 0.510 998
928 * 0.000000011 MeV, [11] which expresses aneexély high measurement precision

7
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limited only by the accuracy of our laboratory qauent. But just as the running couplisag, is

a function of renormalization scaf@ so too is the measured electron mass So when we
make the foregoing statement as to the energy nuagseciated with the electron mass we are
implicitly stating that this is the horizontallyyaaptotic value of this mass fa@ —» 0. At any
deep probe scale, this mass is also expected t¢ fust like the running coupling / charge
strength. So whether stated explicitly or undeydtimplicitly, we aredefiningthe mass and
electric charge strength of the electron based loat v asymptotically observed @t= 0, and
with this definition we are able to express bath andme with a high precision limited only by
our measuring instrumentationBut we are only able to do this because the natwaild
obliges us by providing a running electromagnetamging and a running electron mass which
are in fact horizontally-asymptotic in th@ - 0 limit.

So the question now arises: if we can define chatgength and mass in this way for
electromagnetic interactions and electrons can @tedo the same for strong interactions and
quarks? That is, why can’t we just define the mgrstrong coupling:s and the up and down
and other quark masses based on their horizordgaihpptotic values as the renormalization
scaleQ - 07

The answer is evident from the very asking of thusestion: we cannot establish a
definition for the quark charges and masses sindlghat for the electron charges and masses
precisely because quarks are confined and not fr@eaarks are not free particles in the same
manner as electrons. They are only asymptotidedly [12] deep inside a nucleon from which
they can never be individually removed. QuanturaciEbdynamics (QED) is abelian while
QCD is non-abelian, so the running coupling curaesflipped in their qualitative features over
the Q domain axis. In QCD the running couplingand quark masses, approach dorizontal
asymptote, not a®) - 0, but asQ - «, or at least af) reaches some very large energy
associated with the horizontal asymptotic freeddmseoved deep inside a nucleon via deep
inelastic scattering (DIS). So notwithstandingirttsgmilarities because they are both rooted in
Maxwell's electrodynamics the confining nature &J(S8)c as a non-abelian interaction is what
makes strong interactiompialitatively differentfrom U(1)m electromagnetic interactions which
are abelian. And notwithstanding the similarit@fsquarks to electrons as spin %2 fermions
which are equally-elementary the confinement ofrksiavithin nucleons is what makes them
qualitativelydifferentfrom electrons (and leptons generally).

The parameten ., at which dimensional transmutation occurs in QG8vjgles a good

guantitative vehicle to discuss these qualitatiféeiences. Referring to Figure 9.4 of [13]
reproduced as Figure 1 below for the reader's coievee, A, specifies the energy-

dimensioned domain value ofwertical asymptoteapproached by the dimensionless function
a,(Q) atQ= Nocp from right-to-left along theQ > A, domain. For example, for a six-flavor

quark model in theM'S scheme, as laid out in [9.24a] of [13] and theoeisded discussion, this
vertical asymptote is determined to be situated gt, = 90.6+ 3.4 MeV which is one order of

magnitude left of the leftmost domain of Figure And asQ grows larger beyond the rightmost
domain of Figure 1, there @&so a horizontal asymptotessociated with asymptotic freedom. So
in contrast to an abelian interaction like QED hwizontal asymptote appears in the lagye-

8



J. R. Yablon

rather than theQ — 0 domain and so is qualitatively flipped. Via thengersion constant
hc=.197 3269718GeVfr [3] which in natural units2a=c=1 may be rewritten as

1GeV=5.067 730939 fm one is able to deduce using the median valye, =.0906 GeV
that Ay, =.0906 GeV= .0908 5.0677 flh= .4591ffm= 1/ 2.1780). So in the six-flavor
quark model the deBroglie length associated with tbrtical asymptote of confinement/Ag,.,
is 1, =h/cNyep =2.1780fm, i.e., just over 2 Fermi in length dimension.

Sept. 2013
ol v T decays (N3LO)
Q) ® Lattice QCD (NNLO)
a DIS jets (NLO)
03| 0 Heavy Quarkonia (NLO) ]
o e'e jets & shapes (res. NNLO)
e Z pole fit (N3LO)
v pp —> jets (NLO)
02}
0.1}
= QCD 0(M,) = 0.1185 + 0.0006
1 10 100 1000

Q [GeV]

Figure 1: The Running Strong Coupling (reproducedhifPDG’s [13], Figure 9.4)

So while we are able in QCD to talk about the rogniof the strong coupling
a, =9/ /4mhc and strong chargey, acting between quarks fo@ > Ayp as illustrated in

Figure 1, it makes no sense to talk about the ngf o, for Q <A, or especially for
Q - 0 as we are able to do far,,, in QED. In fact, when we do experiments in the-energy
Q<Aqp domain we are no longer observisgong interactions between quarkenfined

within a nucleon with a strength measureddyy Rather, we are observimgclear interactions

between nucleonsFurther, these nuclear interactions are obsetvdthve a very short range
and with a strength exponentially diminishing toaeé&eyond separations of a few Fermi in
length. For example, because of this exponentiahgth diminution, nuclei heavier than about
*%Fe start to manifest inherent instability becausgqms and neutrons a.k.a. nucleons within the
same nucleus become situated far enough apart lzes beyond the range at which the nuclear
force can hold them in the nucleus. So in cohtiashestronginteraction between quarks in
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the six-quark model which has a short range onattier of r, =2.1780 fm which grows
vertically-asymptotically stronger and becomes niti so as to enforce confinement as
Q - NAgep from right-to-left the nuclear interaction is short range because it grows
exponentially-smaller forQ <A, from right-to-left and exponentially attenuates zero
strength beyond a distance of several Fermi. Thaswe move laterally across the vertical
asymptote at the energf,., and its length equivalent, we are implicitly crossing the

disciplinary boundary between the strong elemenpanyicle physics of quarks and the nuclear
physics of nucleons and the assemblies thereof Rramanuclei. That is the boundary sought to
be bridged by hadronic physics.

Consequently, while in QED we catefine 1/137.035 999 074 as the dimensionless
strength ofeemfor Q =0 because electrodynamics is an abelian interagtlinh thereby has a

horizontal asymptote axQ - 0, we cannot employ a similar definition in QCD. daese of
QCD’s non-abelian character the horizontal asyneptit QED asQ - 0 is flipped to the
horizontal asymptote of asymptotic freedom 1Qrs> A,., and the “low energy” domain is

bounded on the left by eertical asymptote aQ =A,.,. The Q20 limit for as is effectively

meaningless in QCD because as*Q the only pertinent interaction is the nucleareiratction
between nucleons and not the strong interactiowéen quarks.And that nuclear interaction,
being short-range with exponential attenuation, z&® strength aQ =0 rather than a finite

number like the meaningfuler, = 1/137.035 999 074 found in electrodynamics. irStead of
characterizing the strong interaction strengthtisigrwith a dimensionless value af, =0 at
Q=0 like we useoem = 1/137.035 999 074 for QED we define the stramgraction via the
transmuted energy-dimensioned parameétgr, at which there is a vertical asymptote toward

which a; - « from right to left as in Figure 1. And then f@>A,., a, depends very

definitively on the energy scal@ and in addition it depends on the specific rendizaaon
scheme used to absorb the higher-order perturbaditreegences.

In sum: The dimensionally-transmuted energy numhgg, =.0906 GeV in six-quark

QCD serves the exact same role for QCD as doeditiensionless numbeg, = 1/137.035 999
074 for QED in establishing the leftmost domairtted running couplingas andaem For QED,
the “fine structure” number 1/137.035 999 074 teksthe dimensionless magnitudeogf, as
Q - 0 for which nature obliges us because the runningplaag for an abelian interaction

actually does approach a horizontal asymptot®as 0. But nature does not similarly oblige
us for a non-abelian interaction such as QCD. @DQat the low-energy boundary of the
meaningful domain, for six quarks, there is a wvaftiasymptote for whicha, - « at

Nocp =-0906 GeV and as has no meaning foD<Q<A,,, because that is the domain of

nuclear interactions between baryons not strongractions between quarks. So we are
compelled to use the energy dimensioned nun@erA ., =.0906 GeV to tell us theQ at

which the dimensionless numbey approaches its low-energy vertical asymptote. rdfoee,
while the Q - 0 limit is meaningful for QED because,,, -~ 1/137.035 99 in this limit the

10
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meaningful limit for QCD isQ - Ay, =.0906 GeV becauser, — o in this limit. TheQ - 0

limit still does have meaning, but at least basedhdial appearances, not fstrong interactions
between and amonguarks It has meaning fonuclear interactionsbetween and among
baryons although at this limit there is no nuclear int#i@n because of the exponential
attenuation of the nuclear interaction strength.

Now we have laid out sufficient background to rettw the problem of whether, and if
so, how it is possible to define the up down arfteoturrent quark masses in Qe>0 limit
with a precision commensurate to that for the fragicle electron, proton and neutron masses.

3. Primary Relationships among the Up and Down Current Quark
M asses, and the Electron, Proton and Neutron Masses, and the Three
Questionsthey Raise

In QED we are able to use tl@g - 0 limit to define the electron rest masg = 0.510

998 928 + 0.000000011 MeV because there is a htakasymptote atem = 1/137.035 999 in
this limit and because electrons are free partiasleieh can have their attributes such as mass
and charge and spin measured directly and withigpoec But in QCD theQ - 0 limit appears

to be taken off the table and the low-energy lifoit meaningful discourse appears to be
Q =/Nqycp =-0906 GeV at whicha, — « and quarks are confined. Plainly put: it is imgbke

to take a quark out of a baryon and measure its mas the Q — 0 limit in the same way that
we would measure an electron mass. Thus, to tdefime current quark masses based on their
measured valuesn, (Q=0) would appear to make no sense because this isasuneenent
which it is physically impossible to ever take fam individual quark. How can waefinea
quark massn, based on its value & =0 when it impossible to ever take such a measureatent
Q=07 We would be using a definition that can neveexygerimentally validated.

But as we do for free electrons ig possible to takeQ =0 mass measurements for

baryons such as protons and neutrons, and indeedknaw very precise values for these
measurements, namdl§p = 938.272046+0.000021 MeV aith = 939.565379+0.000021 MeV

[7]. So while we certainly cannatirectly measure quark masseqq(Q:O), we are able to

directly measure baryorB) massesMB(Q:O). And of course baryons contain quarks, and
protons and neutrons which are the most abundahstble flavors of baryon contain the up
and down flavors of quark. So the question arisbsther it might be possible to measure
m, (Q=0) not directly butindirectly by inferencefrom the direct measurements bf, (Q =0)
which are well known with some substantial degrégrecision, and whether this precision
might then be inherited by the indirectly-defineg( Q=0).

As we shall now start to explore this is indeedsyias if as stated in the introduction we
employ a scheme based on non-intrusive nuclearghueg” rather than the highly-intrusive
nuclear “bombing” of scattering experiments. Moo once we have defined the up and down
current quark masses based iodirect inference from nuclear weightaither than direct
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inference from deep nuclear scattering it beconaossiple with high precision to use these quark
masses to also explain the empirical binding enemyy nuclear weight and mass defect and
fusion energy data of multiple light nuclides whidata has heretofore never been given a
satisfactory explanation. This in turn serves &tidate the initial indirect inference of quark
masses from nuclear weights. Theoretically, alltho§ is rooted in and emerges from the
author’'s theory in [1] as further developed in [1Bat baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory.

In this previous work by the author the up and dawark masses are indirectly inferred
from theQ =0 electron mass and from th@ =0 neutron minus proton mass difference using
the following two relationships which for now waimply be stated and which we shall later in
sections 7 and 8 explain and support based orh#sstthat baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory. First, agially found in [11.23] of [1] thedifference
between the up and down current quark massesatedeio the electron rest mass according to:

(2r)
3

m, - m, = m. (3.1)

Second, as initially found in [A15] and [7.2] anecion 10 of [2], thadifferencebetween the
neutron and proton masses is related to the updanth current quark masses and the electron
mass, and via (3.1) through which we can eliminateexclusivelyto the up and down current

guark masses according to:

2 mﬂm, _ _3n&_3m+2\/ rI‘ m (3.2)
(2z)° (2r)°

My-Mp=m,-m-

We shall regard (3.1) and (3.2) above toexactrelationships not onl¥) = 0 but for allQ,
which is to say we shall take these to be both teand Q-invariant. And we shall use these
relationships as the starting point to obtain maiyer relationships — most very close to
empirical data albeit still approximate — intendedcontradict or validate our treatment of (3.1)
and (3.2) as exaQ-invariant relationships. For these reasons, simpprovide a shorthand for
discourse we shall henceforth refer to (3.1) and)(8bove as the “primary mass relationships”
among the up and down current quark masses, anelébtzon, proton and neutron masses. It

will be appreciated, because, in (3.1) is known with very high precision and hese
M, —M, in (3.2) is known with similarly high precisiomhat when we take (3.1) and (3.2)
together, and if we do regard these as efautvariant relationships as just discussed, that we
can combine these to dedueg and m, with commensurately-high precision.

This calculation is performed in section 10 of [&ing the median empirical values
m, =0.000548579909 [11], M, =1.008 6649160 and M, =1.007 276 466 8 [7] which

all have been experimentally measured to ten orendagits of precision in AMU. So using
these values in (3.1) and (3.2) above leads usdoiak in [10.3] and [10.4] of [2] to the same
ten-digit precision as the proton and neutron nsatss:
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m, =0.002387 339 31=2.223 792 40M ¢ , (3.3)
my =0.005267 312 % =4.906 470 34M ¢ . (3.4)

As noted in the introduction, the median electrasmto the same precision level in Me\fms
= 0.510 998 93 MeV. Certainly (3.3) and (3.4) cented to MeV fit well within the PDG error

bars which inform us that the empirical, =2.37! MeV and m, =4.875MeV [8]. So we at

least know that there 130 direct empirical contradictiono these masses (3.3) and (3.4) from
this particular empirical data.

Starting from (3.3) and (3.4) as deduced fromghmary mass relationships (3.1) and
(3.2) there are three questions which now neecktexplored which will occupy the balance of
the development in this paper:

1) Legitimate, Unambiguous Measurement Scheme:vizamake such a precise statement
as to the masses of the up and down quarks, gillenwide PDG error bars), = 2.37! MeV

and m, =4.8°3MeV; that these error bars reflect that quark massethaught to be dependent

upon the renormalization scheme and the renormi@izacaleQ; that quarks are confined and
so can never have the@) =0 masseslirectly measured in the same way we are able to measure

the electron mas® =0; and that the only domain within which it evenrstdo make sense to
talk about directly measuring a quark mass is tmaan whereQ = A,.,? Indeed, these wide

error bars emerge because it is widely perceivat @& A, is the only domain in which it

makes sense to talk about current quark masselemadise as seen in Figure 1, measurement in
this domain — invariably via scattering experimeats/arious depths — is so highly-dependent
upon the scal® and the renormalization scheme we use. In sbantwe use (3.3) and (3.4) as
precise statements about te=0 up and down quark masses, in view of all the isgust

reviewed in section 2?

2) Clear Secondary Empirical Support: If we cantiemtely assert (3.3) and (3.4) to be the
Q=0 up and down quark masses by overcoming the “measant” challenges of point 1 and
section 2 above, are (3.3) and (3.4) supported Impirecal particle data? This is a
straightforward question as to whether nature supp@.3) and (3.4) based on energies we
observe when we do experiments. As noted thetsasylk 2.223 792 40 MeV anay = 4.906
470 34 MeV certainly are not contradicted by PD@is= 2.3 MeV and m, = 4.833 MeV;

indeed they sit fairly near the mean of this daBut it would be desirable to see if (3.3) and
(3.4) can be supported kadditional empirical databeyond the electron, neutron and proton
masses from which they were deduced via (3.1) &#),(via what we shall refer to as
“secondary empirical relationships.” Specificaily(3.3) and (3.4) are indeed correct valuations
for the up and down current quark masses @h=a0 scale, and because the neutron, proton and

electron masses are already related to these via #8d (3.2), it seems plausible that other
energies of interest, namely the binding, fusioassndefect and nuclear weight energies of light
nuclides such as hydrogen and helium and lithiuoh lzeryllium, etc., might also be related to

and be secondary functions of these exact sam® quark masses. In other words, if (3.3) and
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(3.4) are legitimately-define@ =0 quark masses then these masses will always bé thé

guark masses whether these quarks are in a fréenpave neutron or, for example, are in a
proton or neutron inside of an alpha partiéide nucleus), or in a proton or neutron inside an
*Fe nucleus, or are deep within the bowels of a teaal uranium nucleus, etc. And that means
that weshouldbe able to specify the observed nuclear datarigrand all types of nucleplely

as a function of these two quark masses. This igegv ample latitude for empirical
contradiction. But at the same time if a substdmtiumber of nuclides can indeed have their
nuclear data parameterized using secondary refdtips based exclusively on the two masses
(3.3) and (3.4), this would represent compellingpgioal support for these results.

3) Solid Theoretical Foundation and Clear Theoattic-Empirical Interface: If we can
legitimately assert (3.3) and (3.4) to be Qe 0 up and down quark masses and if we can find

secondary support for these mass values from allaoay of nuclear data then we get to the
third question: what is the overarching theory, ddtieat theory make sense within the overall
framework of theoretical physics, and what is thtenface by which we connect the theory to the
means by which it can be empirically tested? Asest, the overarching theory first laid out in
[1] and further developed and refined in [10] atss#ratbaryons are the color-neutral chromo-
magnetic monopoles of non-Abelian Yang-Mills gatlggory and that mesons are the non-
vanishing magnetic field quanta which net flow asralosed surfaces of these monopoless
from this theory that the primary mass relationsh(ip.1) and (3.2) were initially discerned, and
upon which théH, °H, ®*He and*He [2] and®Li, 'Li, 'Be, ®Be, '°B, °Be, 1%Be, 1B, *'C, **C and
N [5] binding energies can be explainextlusivelyas a function of the two masses (3.3) and
(3.4), via a series of secondary relationshipgttieast parts per hundred thousand AMU in all
cases. And it is from this theory, once the Fevew vr=246.219651 GeV and the Cabibbo,
Kobayashi and Maskawa (CKM) mass and mixing ma#ig also admitted as parameters
alongside of these two quark masses, that the mprat@l neutron masses [6] can be fully
explained within all known experimental errors.

So for the balance of this paper, we shall addeash of these questions in turn.

4, Does Deduction of Very Precise Q = 0 Up and Down Current Quark
Masses from the Q = 0 Electron, Proton and Neutron (EPN) M asses Establish
a L egitimate M easurement Scheme?

As discussed at the start of section 3, becauakkgj@re confined it is impossible to ever
measure theilQ =0 massedlirectly because to access a quark in the six quark meadeti
clearly looks to be what nature chooses and whiehshall henceforth regards as nature’s
choice) one must provide an impact energy at leaghe order ofQ = A,., =.0906 GeV. In

other words, to directly detect ainy attributesof an individual quark — and indeed its very
existence — one must supply an impact energy nafrthbout 90 million electron volts. So
whatever quark attributes we observeQat 90 MeV and higher wilby definitionnot be the

Q=0 attributes of the observed quark. This is the sugament problem which leads to the

large error barsm, = 2.3 MeV and m, =4.87>MeVwherein the quark masses are dependent
upon the chosen measurement scheme and once aesthehbsen on the choice Qf given
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that Q =0 quark attributes appear to not be measurable beogquarks are confined, not free,

particles. That is, it is supposed that we canledine aQ = 0 quark mass because we can never
directly measure ® = 0 quark mass.

But in (3.1) and (3.2) we have chosen a measuresotieme by which the up and down
guark masses aiaferred indirectlyfrom the Q =0 electron, proton and neutron masses. Just

like minimal subtraction MS and modified minimakstaction MS, (3.1) and (3.2) do represent
a measurement scheme for quark masses albeitegetiffscheme from the usual. The question
here is whether this is different scheme isgtimate and unambiguouseasurement scheme.

As already noted in the introduction, any timet the do an experiment for whid >0
we are necessarily doing a scattering experimemichns to say we are bombarding a target in
some fashion and discerning information about #rget via forensic analysis of the post-
bombardment debris coupled with knowledge of thenlbardment we employed. No matter
how it is couched in its specifics any experimenthw >0 is by definitioncausing an impact
with the target we seek to study and in the coofsabtaining information about the target we
are necessarily altering the target. Thus wherusee several differen® at several different
times we have to prepare for the possibility theatwe are measuring about the target will take
on several different values with no one particMalue being any more correct or unique than
any other value. Thus we will have error bars stémg from more than just the limitations of
our measuring equipment, and that is what shows thpe PDG error bars. As said in section 1,
such an experiment entails bombing the target magling the target.

Conversely, merely taking the weight of a bodyhis quintessentiaQ =0 experiment
whether that body is a person or a baseball, celactron, proton or neutronSubject to the
caveat in the next paragraphe do not have to impact a body in order to welgit body; we
merely place it on a scale and then rely upon thevalence of gravitational and inertial mass.
So we are able to say that@t=0 the mass of the electronm, =0.000 548579 909, period.

And we are similarly able to say that @=0 the masses of the proton and the neutron are
M, =1.008664 9160 and M, =1.007 276 466 8 , period. We do not need to talk about the
measurement scheme and we do not need to talk Himuvénormalization scal@ other than to
understand that by definition we are usiQg=0. Of course we have the option if we wish to
study how these masses may vary from tl@@i 0 values for variousQ #0. But Q=0 does
provide a uniqueness which is not provided by atheroQ, with the possible exception of

Q =Aqcp =-0906 GeV which happens to coincide with the confiniag=c and so presents

other measurement challenges because it is a éweand highly non-perturbative region of the
Q domain.

Now of course someone who is familiar with expenms used to obtain the above-
recited electron, proton and neutron masses wiletstand the caveat that nobody can really put
one of these particles on a scale and “weigh” plaaticle in the same manner that we can weigh
ourselves or weigh a macroscopic object. The éxmets used to establish these masses
themselves do have son@# 0 scattering aspect. However, the electron, pratoth neutron
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are all free particles unlike quarks, aheir masses approach asymptotic valueQas 0. So

by doing enough experiments on these free particlkegen with some impact — it is possible to
deduce the asymptote that is approached by theesras®ach of these particles. Therefore, the
precision with which the experimental community h&iscceeded taking such asymptotic
measurement is effectively expressed by the mdsevand associated experimental errors for

m,, M, and M, given in [11] and [7]. The same can also be $aidneasurements of the
masses of composite nuclides, sucAHsH, *He, “He, etc.

So when we take the expressions (3.1) and (31@y im the Q=0 “weights” of the
electron, proton and neutron, and thereby dedu&) éhd (3.4) for the up and down current
guark masses, what we have discerned — albeiterrttir— must also be regarded as @e 0
“weights” of these two quarks. This is a differeocheme from the minimal subtraction schemes
which are usually employed to specify quark massebsother running attributes of the quarks
but it is still a scheme and we need to deternfiitad avalid scheme. So let us explore this.

Momentarily, suppose we were not aware of (3.1) gd). Suppose simply that we
were able to establissome pair of validelationswhich express the up and down quark masses
in relation to the electron, proton and neutron seassuch that these two quark masses were
uniquely fixedonce these other three masses were fixed. Thembloying theQ =0 values of
the electron, proton and neutron masses we wouddssarily be deducing th@ =0 values of
the up and down quark masses and we would hagitarlate measurement scheme. The point
here is that this “weighing, not bombing” schemaos$ wedded to the specifics of (3.1) and (3.2)
but rather to the question whethaamy valid relationshipsvhich mightuniquely output the up
and down quark masses once e 0 electron, proton and neutron masses are giverincan

principle be said to yield legitimate values for te= 0 quark masses.

Understood in this manner, it should be clear thist perfectly legitimateas a matter of
defining a measurement schetoespecifyQ =0 confined quark masses in relation to the known

masses of other particles which are free and wtéechbe observed asymptotically in the IQw-
energy domainjf such relationships exist and can be found. Sor¢laé question becomes
whether there do in fact exist some valid relatiomsature by which the up and down quark
masses can be uniquely deduced from the electrotgrpand neutron masses (or any other free
particle Q =0 masses), and if so, what those relationships radendnether (3.1) and (3.2) are in

fact those relationships.

We may also approach this by contradiction: To arthat a scheme in whid@=0 up
and down current quark masses are defined usin@+@eelectron, proton and neutron (EPN)
masses or any other free particle massew/aid in principleone would have to argue that there
are not and cannot exist in nature, §nvariant relationships whatsoever relating thgsend
down current quark masses to the EPN or othergaggcle masses. Current quark masses, one
would have to arguesannotbear any precise relationships to free particlsses because the
former are confined and the latter are not. Stramd nuclear interactior®nnotbe unified, one
would argue, because the former is about confinetkg and the latter is about free nucleons
and nuclei. What happens for the quarks insideotop or neutron cannot bear any precise
relationship to the proton or neutron itself, or @rside electron in the very same atom, one

16



J. R. Yablon

must argue. The logical culmination would havdéoa “never the twain shall meet” argument
that one cannot — even in principle — have relatigrs like (3.1) and (3.2) anywhere in nuclear
and strong interaction physics. For, if siglinvariant relationships were to be found, then the
use of theQ=0 EPN masses in these relationships would neclysg@id the Q=0 up and down
masses. This should make clear that so long &b nedditionshipsn the nature of (3.1) and (3.2)
are possible— and there appears no basis for stating that dheympossible — then a weight-
based rather than scattering-based measuremennachiech as EPN would be valid, albeit
different. The only question then left is whetli@rl) and (3.2) are indeed actual relationships
among the up and down masses and the EPN maskasbélcomes an empirical question about
how well these relationships and other relatedtioglahips match observed data and a
theoretical question about the basis upon whickehelationships are rested.

If it should turn out that (3.1) and (3.2) areigaielationships, then (3.3) and (3.4) are
indeed theQ =0 masses of the up and down quarks and the measuresteeme for defining

these quark masses in this way is perfectly legitem Further, by having these two mass values
(3.3) and (3.4) we would now know the quark massgids a precision that islose to a billion

times more preciséhan what we learn fronm, =2.39/MeV and m, = 4.895MeV based the

MS scheme. It is the foregoing elaboration of how guark massem, = 0.002 387 339 31
and m, =0.005 267 312 51 can bédegitimately definedrom the proton, neutron and electron

masses with a precision vastly exceeding the PD& biased orMS, which was absent from
the authors prior work. The forgoing should remédyg deficiency. And it should also be very
clear that a second mass-definition scheme whiolwalthe quark masses to be defined close to
a billion times more accurately than a first schesnmanifestly preferable to the first scheme, so
long as that second scheme is unambiguous, cocteddby empirical data, and has solid
theoretical roots.

Because this schenaefinesQ =0 up and down current quark masses in (3.3) and (3.4
from the relationships (3.1) and (3.2) using Qe 0 electron (E), proton (P) and neutron (N)

masses we shall refer to this as the EPN measutesteame with an EPN-0 definition for the
up and down quark masses. Of course relationshigs as (3.1) and (3.2) should apply atall

So if one were to know how each of(Q), M, (Q) and M, (Q) run as a function o, one

could then use (3.1) and (3.2) to further derg( Q) and m, (Q), or vice versa. In this way
the EPN scheme provides a consistent and unamisduasis for first defining the up and down
quark masses & =0 based on three masseg, M, and M which are each known & =0
with very high precision. And it avoids the pitcaand ambiguities of having to define quark

masses based on scattering probes inside the nsclgaich necessarily make these masses a
function of our experiment.

Now, with the measurement question of how bestidfne the current quark masses
addressed we next turn to question whether (3.8Y3#4) are indeed the correct physi€at 0

guark masses. If they are then this in turn wealidate the relationships (3.1) and (3.2) and the
theory from which these are obtained. Certainly fhct that masses (3.3) and (3.4) fit well

within m, =2.3%7 MeV and m, =4.87;MeV provides preliminary credence for these masses
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by failing to invalidate these masses. But thia &arting point not an endpoint. Now we arrive
at the second question posed in section 3, whétieequark masses (3.3) and (3.4) have clear
secondary empirical support from other nuclear.daa we shall now review in the next two
sections, this empirical support is abundant.

5. Origins of the Primary Mass Relationships used in the EPN
M easur ement Scheme

In section 3, we simply stated the primary masati@iships (3.1) and (3.2). Now it is
appropriate to begin discussing their physicalinggvhich are found in the thesis that baryons
are the chromo-magnetic monopoles of Yang-Millsggatheory. First, let us just lay out some
general physics background.

It is well-known thatT*" :6”¢(6£/6(6V¢))— g”’ £ is the canonical energy-momentum
tensor for a given fields with associated Lagrangian densify If we require the spatially-
integrated Lagrangian. = [[[ ed*x to be stationary under small field variations thitre

aw(a,@/a(am)) term can be neglected and this becomé&s=-g*’£. So in flat spacetime

with g% =1 we haveT® =-¢. Therefore the total enerdfyof the system associated with
will be E = IIIT°°d3x: —”js d® x=- L, and more simplyE = -L.

Now, in abelian electrodynamics the Lagrangian digressociated with a pure gauge
field F* is given by£=-4F,F* and soE =-L=~[[[ ed®x= [[[4 F, F* d x will specify
the energy arising from the pure gauge field terinsYang-Mills gauge theory the field strength
may still be written withF , as shorthand, but it contains additional intesyahmetry structure

which must be understood. Particularly, for ampe unitary gauge group SN there are a
set of generatorsi’ with i =1..N?-1 forming a closed group and commuting according to

[/P,/]j]:if '}, conventionally normalized tdrA'> =1. Each of these generator matrices

has rank 2 with aiNxN dimensionality so to be fully explicit we must repent these matrices
by A’ with AB=1.N. So in reality the field strengttF, is a shorthand for

Fuas =A' aeF' ,,, Where the “adjoint form’F',, consists ofN? -1 individual 4x4 field strength

U
tensors and the “matrix formF , ,; is anNxN internal symmetry matrix of 4x4 field strength
tensors. The pure-gauge field Lagrangian densfyesented in the matrix form is now

:—%Tr(FWF’”) with the doubling of the coefficient owing to tigenerator normalization

4

and so the energy for the pure Yang-Mills gauglel i E = ”J'%TrFW FAd®x.

Now if we want to be as explicit as possible thatter than using the trace (Tr) notation
we can use the matrix forrk , ., and explicitly show the index contractions whidklg this

trace, namely,£ :—%Tr(FWF’”) =—3F.,F" e Thatis, the trace is formed first by taking
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an inner product F,, ,.F*' ;. which yields a newNxN internal symmetry matrix. Then we

contact theA andC indexes to obtairF,, ,sF* 5. It is by this latter contraction that we obtain

the trace, and more specifically, timmer product trace But mathematically there is a second
trace available fromF, F*" and that is theuter product tracavhich for any two matrices

andB is given byTr(AD B):Tr(A)Tr(B). So using explicit indexes the outer producteresc
FaF" gs. Thus if we wish to be as general as possibleshozild entertain the possibility of

constructing the pure Yang-Mills gauge field Lagg@m density using some linear combination
of both the inner product trade,, ,,F* ;, and the outer product traée,, ,,F** g

With this general background in mind we start wah F, ., which is carefully

developed for the chromo-magnetic monopoles of YMiiy gauge theory in [10.1] of [1] and
which is more deeply developed in [10.4] of [1Q]his F,, ., employs the gauge group SU{3)
of strong chromodynamic interactions with colors ®, B, which means that the internal
symmetry matrices have a 3x3 dimensionality, seg,, ¢he matrix [9.20] of [10] which
explicitly shows this. We then represent a (duwtgn by assigning the R quacklor to the
down quarkflavor and the G and B quarkolors to the up quarklavors via the assignments
R - d;G - u;B - u and a (udd) neutron by an analogous assignmRentu; G - d;B - d.
This is all detailed in sections 7 and 8 of [1] d@nhe second half of section 10 in [10]. Finally, a

laid out in sections 9, 11 and 12 of [1] we caltellan energyE = [[[4TrF,, F*d°x using the

outer product traceE = [[[4F,, ,,F*5d°x for each of the so-represented proton and neutron.

For the moment we simply show the result, and ctiges 7 and 8 we shall show the
calculations which lead to this result. It turnst dhat these respective energies following
calculation, showing both the matrix form and tbalar expression after the outer product trace
is taken, see (12.4) and (12.5) of [1], are:

o0 o) (Jm 0 o
EP: 1§TI' 0 \/ﬁ 0 |O 0 m, 0 :md+4 rnjr?+4m
1o o ym)lo o ym SO
= (Zﬂ)_% TrK, UK, = (277)_% KpaK pes
oo o) (ym o o -
£ = 1gTr 0 m o |0 o Jm o _m +4 nLrE,+4fTa
(27) . - . 0o Jm (2m) . (5.2)
=(2) 7 Ty 0Ky, = (277) 7 Ky aK nss
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In the final lines of each of the above, we dertbge matrix appearing twice in (5.1) &S 5
and twice in (5.2) a¥, ,s- We also point out that as elaborated in sectibtitzough 4 of [6]

that these matricds can be used to restate the Koide mass relation$bdd which is why we
choose the symbolK” for these. We further point out as elaboratedhi@ rest of [6] that by

supplementing the energy square roda and /m, with \/Z whereve=246.219651 GeV is

the Fermi vev one can make extended use of thesmléKmatrices” to explaithe proton and
neutron masses themselves

If we then take thdifferenceE, — E, between (5.2) and (5.1) the expression we get is

3
E, - E, = -m)= m, 5.3
(2n) (m-m)=m (5.3)

Nlw

where wedefine(really, hypothesize) this to be equal to the tetecrest mass. It will be seen
that this is just another way of writing (3.1). 8uas is how the first primary mass relationship
(3.1) comes about. Why do we make this hypothesi$® reasons are partly empirical and
partly theoretical.

Originally in [1] the author approached (5.1) aBd2f by calculatingg, — E, using the
PDG datam, =2.39/MeV and m, =4.8°>MeV and found thatE, - E, =.476%% MeV
which nicely contains the electron rest mags=.511 MeV pretty much near the center of the

error bar. This was the first plausible point @intact that was made from the theory that
baryons are the chromo-magnetic monopoles of Yaillg-§auge theory to empirical data. This

made theoretical sense because a neutron decaym@ iproton vian — p* + € +v +Energy
and a down quark decaying into an up quarkia u+ e +v +Energy would — at least at a
“linear” or “lowest order” level — support a relatiship of the formg, —E, 0 my— m, 0 min

(5.3). Which is to simply state that factoring @litthe non-linear behaviors of nucleons, the
difference between a proton and a neutron or betveeeup quark and a down quark is an

electron. So given both this empirical concurreand then-p" =€ +... andd-u=¢€ +...

decay sensibilities (5.3) was elevated intbypothesizedelationship relating the electron rest
mass to the down minus up quark current mass difter and to the difference between some
neutron energy humber and some proton energy nuritbbe confirmed or contradicted based
on additional empirical data. Subsequent theaktaevelopment in section 9 of [10]
demonstrated that (5.1) through (5.3) are in fdatetationships taken in the zero-order abelian
field theory limit of Yang-Mills gauge theory. Ansubsequent empirical development which
will be detailed below and in the next section appeo validate rather than refute (5.3) and to
show that this abelian limit appears to govern whkatbserved in nuclear binding and fusion
events and the nuclear mass defects.

Now, we turn to the origins of the second primiaationship (3.2) and for this we must

begin to discuss nuclear binding energies. WHil8)(was the first plausible point of contact
between theory and experiment uncovered by theoatitivas (5.1) and (5.2) themselves which
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opened up fertile new vistas via some extremely pghmg connections to nuclear binding
energies. We now explain how this is developed.

If (5.1) and (5.2) represent some to-be-determieeergies associated with the proton
and neutron then it is certainly a good idea txwdate these energies. We may do so using

m, =2.3%/MeV and m, =4.875MeV from PDG which is what the author first did in [4P

and [12.5] of [1]. But rather than retread thisnsaground let us use the much-more-precise
masses (3.3) and (3.4) which are be the correctkgueassesf (3.1) and (3.2) are valid
relationships since that is what we are testing at presentif e use (3.3) and (3.4) in each of
(5.1) and (5.2) and then also apply 1 u = 931.464(21) MeV we may calculate to ten
significant digits in AMU and seven significant dgyin less-precise MeV [4] that:

m, +4,/ +4
E, =t (”L)r?‘ M -0.0018373997 & 1.710% 9 MeV . (5.4)
2m)?

+4, +4
=M (mj)rr}, m =0.0023876939 & 2.222P 7 MeV .
2m)°

(5.5)

N

Now at first sight, these energies are a bit nm@is. After allMy = 939.565379 MeV
andMp = 938.272046 MeV so these energies are certaimiythe proton and neutron masses
themselves. But we know that the proton and nautomtain three quarks each, that the current
masses of the quarks contribute only slightly t® olerall proton and neutron masses, and that
the remainder of the mass is generated throughngixte non-linear interactions involving
quarks and gluons. So let us strip out all of ¢hieeractions and focus solely on the current
guark masses which, when properly summed togesihenyld represent something of a “zero
order” value for the proton and neutron massesnti@aing to use the masses (3.3) and (3.4) the
sumsZ of these current quark masses, for the duu praonudd neutron respectively, are:

Jn o o )(Jm o©
Jm

0
S,=2m+m=Tr 0 Jm O 0 0 |=Tr KOK,= K, up Kop, (5.6)
o o JmJl o o Jm L
=0.0100239911& 9.33788 2 MeV
Jm, o o )(/m o o0
Sy=2m+m=Trf 0 Jm O 0 Jm 0 |=TrK0OK-= Kyae Ko 5.7)
o o JymJiLO0o 0 Jm

=0.0129129643 ¢ 12.0283496cV
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We note that these sunis, = mg+m, HKK, and Z = 2n, + m, = TK LK, employ the

inner product traceof the same Koide matriceor which the outer product trace was taken in
(5.1) and (5.2).

These energy numbers deepen the mystery furtheaube one would expect the
predicted energies (5.4) and (5.5) to at leastshawich as the masses (5.6) and (5.7) and yet they
are substantially less. That is, some of the massxpect to see in (5.6) and (5.7) is “missing”
from (5.4) and (5.5) in very much the same way #uahe of the mass one might expect to see
by combining two nuclides if we naively add thedparate masses together goes missing in the
mass defect and is released as fission energyoBdhe question becomes: how much mass has
gone missing in (5.5)? We can easily calculate thissing energy differenae =% — E for each
of the proton and neutron by subtracting (5.4) frén®) and (5.5) from (5.7) as was first done
using the PDG data in [12.6] and [12.7] of [1] muhow done using (3.3) and (3.4), to obtain:

+4. +4
MTNMM TN 5008186598 u= 7.625 B13 MeV
(27)° . (5.8)

=TrK, K, —(27)F TiK, 0K,
+4./ +4
MMM M 501052527045 9.804 226 8 M
(27)° . (5.9)
=TrK,, K, —(27) 7 TK, 0K,

AP:ZP_Epzzmu"' m,—

AN:ZN_Eszmd"'mJ_

We see that these missing masAesombineboth the inner and outer product traceSthe 3x3
Koide matrices in (5.1), (5.2), (5.6) and (5.7).

We may then easily calculate that the average @sehtwo missing energies
1(A,+40,)=8.7149941Me\, and it is this number which starts to reveal soregy deep

empirical connections. For, if we refer to the Mkglown empirical curve for the binding energy
per nucleon which is reproduced below as Figuran®, if we keep in mind that most nuclides
have roughly the same number of protons as neubainwith larger proportion of neutrons over
protons as the nuclides get heavier, we see tlghtimber is very close to the peak per-nucleon
energy at about 8.75 MeV per nucleon. In particua know that the heaviest nuclides do give
up approximately 8.75 MeV per nucleon in order itmdtogether which very closely tracks the

missing energy%(AP +AN) =8.714 9941 Me\. Plainly put: (5.9) predicts that about 8.75 MeV

of energy goes missing on average from a nuclednFagure 2 tells us that about 8.75 MeV of
energy really is missing on average from nucleogar rthe peak of the nuclear binding table.
Both energies are just about the same, and botigiesare “missing” energies.

It is this observation, first reported in sectiod @&f [1], which caused the author to
initially suspect that these missing masses arg slesely related to nuclear binding. And to be
clear, the author had reopriori suspicion that these missing masses might bescetatnuclear
binding. This was just an exploratory exerciseadkhe result of the foregoing calculation been
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1(a,+A)=20MeV, or (A, +A,)=3MeV, or some other number, then this would not
have implicated nuclear binding and mass defectheasource of this missing mask.is only
because the missing mass was theoretically preﬂtctebe%(AP +AN) =8.714 9941 Me\ and

this is so close to the peak of the nuclear bindingve, that these missing masses were first
suspected to be related to the mass defect ancarubinding. So here, the matching of a

theoretical prediction to empirical data gave bidha new theoretical understanding that was
unanticipated at the outset and that was drivenumgerical empirical energy data.

Average binding energy per nucleon (MeV)

1

odH | 1 l l | L l L L l L
0 20 40 60 80 100 120 140 160 180 200 220 240
Mumber of nucleons in nucleus, A

Figure 2: Empirical Binding Energy per Nucleon

Once this connection is discerned, it becomeséntmg to actually use (5.8) and (5.9) to
examine the binding energies of nuclides right rieampeak of Figure 1. The two best examples
are®°Fe and®Ni which have two of the highest per-nucleon bigdénergies of all the nuclides
in nature. The former has 26 protons plus 30 wastwith a median empirical binding energy
of 492.253892 MeV [15], and the latter has 28 pmst@nd 34 neutrons with an empirical
binding energy of 545.2590 MeV (calculated from])16 So if we use (5.8) and (5.9) to
ascertain how much mass is “missing” from eacthe$é nuclides we find that:

A(*Fe) = 26, + DA, =492.3965985MeV versus 492.25389RV obse vd,  (5.10)
A(GZNi) =28A, +34A, =546.865028 4 MeV versus 545.25MrV observel. (5.11)

So for*°Fe the observed binding energy is 99.9710% of hieeretical missing ma&S(SGFe)
and for®Ni this same percentage is 99.7063%. And if onesd similar calculation for all of
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the other nuclides nedfFe and®Ni it turns out — importantly — thato nuclide reaches or
exceeds 100%nd that the very highest percentage is the ostesppwn for°Fe. This means
that (5.8) and (5.9) — in some manner that needsetanderstood — are establishing the upper
empirical per-nucleon limit which is observed i thuclear binding curve in Figure 1. Clearly
then, the results in (5.10) and (5.11) validate {be8) and (5.9) are revealing something very
real and very deep about nuclear binding, whickegifurther credence to the validity of the
relationships (5.1) and (5.2) and thus the primmaags relationship (3.1) a.k.a. (5.3) with which
these are integrally interconnected.

From here, we shall avoid repetition and insteddrrthe reader to the primary reference
[2] in which the author first deciphers and exptotbee meaning of these results in detail. But
the most important highlights which do need to beveyed in the context of the present paper,
specifically to explain the origins of the primargass relationship (3.2) presently under
consideration, are the following:

1) Nuclear Binding and Quark Confinement: The emsrd5.8) and (5.9), in physical
reality, are “latent binding energies” of tfree proton and neutron, respectively. What does this
mean? When a proton or a neutrofré®, i.e., not bound to any other nucleon, then theeaty

of this latent binding energy is used to confinarggg within the nucleon. But when a proton or
neutron isfused and boundhto a nucleus with at least one other nuclidepese- but never all —

of the latent binding energy in (5.8) / (5.9) iseesed as fusion energy, the mass of the fused
nucleus as a whole becomes less than the sum ofdkses of all its separate nucleons, this is
what underlies the mass defect, and this lost thasgrgy goes into the binding energy fusing
together the nucleus, all in a sort of energeticlear “see saw” between confinement and
binding. So the quarks inside free nucleons arsttightly confined, the quarks inside nucleons
inside tightly bound nuclei such 8%e are least-tightly confined but still confinechetheless,
and this is why the percentages from (5.10) an#ilj5and from any other nuclide one may
choose to similarly calculate are always less tH@006. For°Fe which at 99.9710% channels a
higher percentage of its latent binding energieentlany other nuclide intactual nuclear
binding, there is still a small 0.0290% share of its lat@inding energy amounting to 0.142706
MeV (less than 1/3 the mass of a single electrdnglvdoes not get released. This small reserve
instead remains behind to continue confining alihef quarks within th&°Fe nuclides. Because
no nuclideever uses up more than 100% of its latent binéingrgies for actual binding, but
always reserves at least some energy for confingnggrarks are always confined. Quarks
inside the nucleons ofFe are less-tightly confined than the quarks insidg other nuclide
(which is a basis for understanding the “first EMffect” [17]), but they do assuredly remain
confined. The peak in Figure 2 ¥Fe at which sits at 99.9710% of what it would takele-
confine quarks, is one very direct way in whichunatdisplays confinement. Indeed, the fact
that the observed binding energies in (5.10) antilj5and any other nuclides aabkvaysless
than the total latent binding energies reveals ghergy-based explanation for wiyyarks
always remain confined

2) Observed and Latent Nuclear Binding Energieggdneral, for a nuclide witd protons
andN neutrons hencé = Z+ N nucleons the latent binding energy which we debgtéB is
calculated from (5.8) and (5.9) using:
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MB=ZM,+NRD,. (5.12)

So for example, (5.10) and (5.11) may be repredemsespecific application of this formula for
=B :A(56Fe) and B :A( 62Ni). And the percentage ratios discussed earlier are

2B,/ 3B=99.9710% and .’B,/ 22B=99.7063%. These latent binding energie8 thereby
establishupper limitsfor actual, observed binding energies which weotieigenerally as'B,
with the 0 subscript. But a§Fe demonstrates, these limits are never reachedoeeded, that
is, 2'B, < 7B, or alternatively, B,/ 2B<100%, always So this now leads us to ask how it is
that we can explain the specifibservedbinding energies;B, for all the nuclides. This is
especially of interest for the lightest nuclidesichhhave the lowest'B,/ /'B ratios and for

which the observed binding energies to date havgetdeen satisfactorily explained. So, what
do we now know to help us figure this out?

3) The Binding and Fusion Energy “Toolkit”: We knavat the latent binding energies
fB=ZIA,+ N[A, employ linear combinations of (5.8) and (5.9) dhdse in turn involve
inner and outer product traces of the matrices)(¥512), (5.6) and (5.7). The elements of these
matrix products in turn are very limited to onlyetlenergy numbersn,, m,, m,m, , the

foregoing divided by(ZH)%, andinteger multiplesof all these. We take the conservative and

very stringent view thatvery single observed nuclear binding enef@; must be constructed
out of some combination of the foregoing energy benttoolkit” and “structurally sensible”
integer multiples thereof which in turn means tihat observed'B, mustall be functions of the
Q=0 up and down quark masses (3.3) and (3.4). Thstrilsgent because it gives us no room

to adjust anything. If we cannot consistently ¢ong the observed binding energies from these
energy numbers with some fairly high degree of isiten, which means as functions of the up
and down quark masses — viewed as parameters -a@hthg more, then this approach is
contradicted. But if we can construct a fair numbgobserved binding energies in this way
then that would lend solid empirical support testhpproach. We know that the latent binding

energies /B=Z[A,+ N[A, come readily packaged so for any given nuclide sheuld
consider both adding to and subtracting from aipent /B, i.e., we should ask how much its

binding energy either exceeds or falls below sofi That is, how much is released for

nuclear binding, and how much is held in reservedoark confinement? We should also
sensibly include in our “toolkit” scalar traces ofhe Koide matrices, namely,

TrK, =\/ﬁ+2\/ﬁ and TrK, =\/ﬁ+24/mj multiplied by \/ﬁ or \/ﬂ Finally, to

extend this approach we should consider matchiegettenergy numbers not only to binding
energies but also to the energies released durmmgus fusion or fission and other decay
reactions. From here, with toolkit assembled, tdsk of characterizing individual observed

binding energies,'B, involves elbow grease, a good spreadsheet or dempuogram, and
educated trial and error. In this venture, oneigsg empirical data in combination with the
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foregoing toolkit to try to discern systematic utiden theoretical patterns in the nuclear
binding energies — in broad scope, seeking to “detthe nuclear “genome.”

4) Hydrogen-2: The easiest place to start is with’H deuteron consisting of one proton
and one neutron. In AMU the observed binding epésg’B, =0.002 388170100. We then

refer to our energy number “toolkitm,, m,, /m,m, , the foregoing divided b)(Z]T)%, and
integer multiples of these. But we need not seaecki far. From (3.3) the mass of the up quark
is m, =0.002 387 339 3. The difference isB,-m, =8.308x 10’ , which is to say, the

accuracy is to bettegight parts per ten million AMU It should be pointed out that in [1] the
author originallyhypothesizedhat the deuteron binding energydsgactly the samas the up
guark masse due to how close they in fact appetreoe. That is, the author originally

employed?B, = m, rather than (3.2) as a primary mass relationghipombination with (3.1).

Then, on this basis, over the course of the dewedop in sections 1 through 9 of [2] the author
was able for the first time to derive the primarggs relationship (3.2) with eight parts per ten
million AMU accuracy. Once this (3.2) had beenivt, for the reasons elaborated at length in
section 10 of [2], the author shifted hypothesed advanced (3.2) to a primary, exact mass

relationship while withdrawing’B, = m,, so that the sub-parts-per-million AMU error was
shifted from (3.2) to’B,. It must also be pointed out that this errooigsideof experimental

error margins becausg@, is known with greater than ten-digit accuracy, andt still warrants
further understanding. Nonetheless, the matchresclose enough to warrant attention.

5) Helium-3 and Helium-4: From there we seek tolaxpsome other light nuclide binding
energies in like fashion based on the foregoindgkipoparticularly hydrogen and helium
isotopes. For the highly stable alpha particlae*He nucleus — it was found through trial and

error that the observed binding enerf, =0.0303765865 is less than the latent binding
energy ;B=2[A, +2[A, =0.037 465222u by approximately 2,/m,m,. So we then

calculate 2[A, + 2[A,, — 2/m,m, = 0.030373002 0% , B, to find that this differs from the
observed alpha binding energy by unfiair parts per million AMU The integer factor 2 used
with \/m,m, is “structurally sensible” because the alpha pkrthas 2 protons and 2 neutrons,

i.e., 2 neutron / proton pairs. And this overadbeession for;B is structurally sensible because

just like the alpha particle itself, it is complgtesymmetric under botiP -« N andu - d
interchange. This is first developed in detailsgction 5 of [2] and the numerical results are

recalibrated in section 10 of [2] after (3.2) isedsto replace’B,=m, as a primary mass
relationship.

For the®He nucleus (helion) with observed binding ener; =0.008 2856028 we
calculate\/ﬁTr K, =2m,+,/ m m=0.008320783¢ ; B by employing the trace of the Koide

proton matrix TrK, =,/m, +2\/ﬁ from our toolkit. Having,/m, +2\/ﬁ involved here is

“structurally sensible” becausiie has one neutron (one extra down quark) and notops
(two extra up quarks). This differs from the engal data byunder four parts per hundred
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thousand AMUWafter recalibration in section 10 of [2] and wastfdeveloped in detail in section
6 of [2].

6) Hydrogen-3 and the Neutron minus Proton MasdeRhce: It was in the course of
attempting to obtain a binding energy for thetriton that the author finally discovered the mas
relationship (3.2) which was then advanced fwrimary exact relationship in section 10 of [2].
While 2B,=m,, sB,=2, +2[A, - 2/m,m, and B,=2m,+,/mm for °H, *“He and*He
respectively could be ferretted out relatively igfinforwardly using binding energies, latent
binding energies (5.12) and the toolkit from p@nfinding >B, for ®H proved to be impossible
working with binding energies alone. So at thanpm time as detailed in the appendix of [2]
we begin to consider certain nuclear fusion reastito see if the energies released in these

reactions might provide a close empirical connectathe point 3 toolkit. And we also begin to
make use of the general mass defect relationship

AB, = ZM, + NIM, - &M, (5.13)

through which one can related the observed bindimgrgy /'B, to the observed nuclear mass
(weight) M, for any nuclide withZ protons,N neutrons andA=Z+ M nucleons. (Note: the
free proton mas#/, = /M and the free neutron mass, = ;M .)

First, we consider the fusiofH+H -’H +e" +v+ Enemgfya proton and a deuteron
into a triton and ask: how much energy is releasé&uafipirically, this energy is observed to be
Energy=,;M + M - M -m, = 0.004 780386 2. Dipping into the toolkit we find a close
connection using2m, =0.004 7746 86 which differs from the observed fusion energy by

5.7076x10 u, i.e., just undesix parts per milion AMU And the factor of 2 makes some
structural sense because we are fusing two nuclid8® we make the close association

Energ)(llH +2H o H + ) = 2n,. After some calculations using (5.13) and leadmfA9] in
[2] we obtain the expressiofB,= M, -M,+3m,+ m for the ®H binding energy, which
requires us to find the neutron minus proton ma#ierdnce M —M, which is the primary
relationship (3.2).

For this we do a second study, this time of théofugH +/H - ?H +e" +v + Energy of
two protons into a deuteron. Again we ask: how Imeoergy is released? The observed
empirical energy isEnergy= M, -?M -m_= 0.000 4511410. We again return to trial and

3
2

error with the toolkit, this time dipping into the(2z)* divisor to find that

2,/m m, /(27r)%=0.0004504241. This differs from the empirical fusion energy by
7.169x10" u and so has an accuracybetter than one part per million AMUSo we make the
close associationEnerg)(llH +1H - H+ ..)z m,m /( 2)%. Thereafter, we arrive in
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[A15] of [2] at M,-M,=m,-m-2/mm/(2) =m,-(3m+2/mm-3m) (),
which is the primary mass relationship (3.2). Whis we complete the explanation of how the
second primary relationship (3.2) for the neutranus proton mass difference is obtained.

Of course, when (3.2) was first obtained in [A15]2] this was as an intermediate step
that was necessitated to redu@ = M, — M, +3m, + m, to obtain the binding energy for the

*H triton, which has the empirical valu}B, =0.0091055854 . So we then completed the
calculations in the appendix of [2] using all oésle results to arrive in [A17] at the approximate

expressiondm, — 2,/m), m /(27[)% = 0.009 099 047 1# JB, for the triton bending energy, which
differs from the observed value by 6.5383%10 just under seven parts per million AMU

7) Recalibration of Mass Relationships: As justcdssed, the primary mass relationship
(3.2) was first uncovered as a byproduct in thes®wof pursuing the triton binding energy. But
based on the initial hypothesis in place at thestitmat 2B, = m,, this relationship (3.2) itself
predicted a neutron minus proton mass differencelwtvas off by a few parts per ten million
AMU. Then, for the reasons detailed in sectionot(2] the author withdrew/B,=m, as a
primary relationship and instead hypothesized (@2 a primary, exact relationship among the
electron, proton and neutron masses. It is wiil Hypothesis that (3.2) joined (3.1) as a
“primary mass relationship” which was then usedagtordance with the EPN-0O quark mass
definition to deduce very precise quark masses) @@ (3.4) which have been used in the

development here ever since. With this shift ipdthesis, all other mass / energy relationships
previously developed were recalibrated to reflbis tevised hypothesis.

6. Isthere Clear Secondary Empirical Support for the Deduced Q =0 Up
and Down Current Quark M asses?

Having shown how the primary mass relationship%)(and (3.2) are obtained we now
return to the second of the three questions paseddtion 3 namely whether these primary mass
relationships (3.1) and (3.2) and the very pre€se0 up and down current quark masses (3.3)
and (3.4) deduced therefrom can be supported bgr d8econdary relationships” rooted in
nuclear data, or whether there are contradictioretfound.

When discussing in general whether a theory isidvalr has “support” one must keep in
mind that for scientific work, one can never trtdalidate” a theory. One can simply show that
at multiple places where the theory might be opewrdntradiction, no contradiction is found.
This takes place at two levels: the empirical leaed the theoretical level.

At the empirical levelthe question is whether efforts to make contatit empirical data
are contradicted or not contradicted: do the expenis rule out the theory, or do they fail to rule
out the theory? If a sufficient number of effosie made to contradict and no contradictions
found then the weight of those “failures to conictidstart to translate into “empirical support”
for the theory. But there is no objective, scigmtmeasurement as to when there are enough
failures to contradict so as to constitute theoabtvalidation. That is a subjective judgment
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which must first be made by individual scientistsdathen, eventually, by the scientific
community as a whole.

At the theoretical levethe question is whether a proposed theory isistamg with, i.e.,
not contradictory to, other settled theories arebthtical elements which have advanced to the
point of having gained wide acceptance in the sfiecommunity based on multiple failures to
contradict those settled theories. There are atbeailary questions related to this: whether the
theory economical, which in a conservative viewsoence might be reframed as whether the
theory requires brand new notions to be inject¢dl tine theoretical discourse of the community,
or whether the theory can be rested solely on ney@hesis of well-established and well-settled
theories and theoretical elements to uniquely amaimbiguously deduce new results and new
explanations for previously-unexplained observatiodata. From a conservative scientific
stance the latter (synthesis of settled sciencpjeterable while the former (brand new notions)
is not ruled out but should be used as a last regoen there is no apparent way to succeed by
restricting oneself to combining known elementaawel ways.

In this section, we shall discuss empirical suppwttich is the second of the three
guestions posed in section 3. In the final threetisns we shall discuss theoretical support,
which is the third and final of the three questiponsed in section 3

The findings regarding t&Fe and®Ni latent binding energies (5.11) and (5.12) arel th
fitting of the mass number “toolkit” to th4,*H, *He and*He binding and fusion energies in
section 5 appear to provide preliminary supportierview that (3.3) and (3.4) are correct quark
masses and therefore (3.1) and (3.2) are corrétiomships as well as for the view that the
“toolkit” energies can in fact be used to fit obsst nuclear binding and fusion energies.
Specifically, we hypothesized that the latent bmgdienergies (5.8) and (5.9) and toolkit
components thereof should be able to provide tlodusive basis for fitting empirical binding
and fusion energy observational data. Then wheappdied this hypothesis f&l, *H, *He and
“He we were indeed able to fit energy numbers fofoalr of these nuclides to better than parts
per hundred thousand AMU, which means that thiothgsis was uncontradicted by these four
nuclides’ binding and fusion energies. Now we ktealiew this empirical support together with
additional empirical support, as catalogued below.

Thus far, we started out by hypothesizing (3.1d éh2) to be valid, exacQ-invariant
relationships, and thereby hypothesizing (3.3) éhd) to be valid, very precise up and down
Q=0 quark masses. Based on this, the author hast¢éobé®n able to deduce the following

non-contradictory, supporting empirical results:

1) Hyrdrogen-2 and -3, Helium-3 and -4 Binding Enes: Secondary relationships for the
’H, °H, *He andHe (1s shell) nuclide binding energies strictlymerof m, and m, with very

close matches to parts per°1@( or even 10 AMU. Respectively, these secondary

relationships arefB, = m, (section 5, point 4);B,=4m, -2,/m /(2[)% (section 5, point 6);
SB,=2m, +,/mm (section 5, point 6); and in view of the latenltding energies (5.8) and
(5.9),2B, = 2[A\, + 2[A\, - 2/m,m, (section 5, point 6). This means tHa, *H and *He
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respectivelyreleaseenergies of abouty,, 4m, —2,/m, m /(27[)% and 2m, +,/m,m from quark

confinement to nuclear binding, whif#e retains an energy of abou,/m,m, for quark
confinement and releases all the remaining latewtifig energy for nuclear binding.

2) Deuteron and Triton Fusion Energies: Interreldtethe point 1 secondary relationships
and the primary relationship (3.2), ﬂnerg%fH +2H - JH+ ..): 2n, for the fusion energy

released when a fusing proton and a deuteron into taton and

Energ;(llH +H - H+ ) = 2/m,m, I 2)% for the fusion energy released when fusing two
protons into a deuteron (section 5, point 6).

3) The Nuclear Binding Peak near 8.75 MeV: Theti@tships (5.8) and (5.9) foA, and

A, which represent “missing energy” and which hawelae o%(AP +AN) =8.714 9941 Me\

which is right at the peak of the empirical nucléanding curve in Figure 2 which also
represents a “missing energy” from composite neslid

4) Iron-56 and other Tightly-Bound Nuclides: Basaa (5.8) and (5.9), the relationship
A(SSFe): 26\, + DA, =492.39659F M e\ in (5.10) which is extremely closeto the

empirical B, =492.253892 Me\, such that >’B,/ >0B=99.9710%.  This, and other
relationships such as (5.11) which are deduced5¢iR) provide the basis for recognizing that
A, and A, are latent energies available to be used for bgdvhich confine quarks in free
nucleons but which are partially released as fusioergies for nuclear binding in a percentage
that varies for each type of nuclide but never edsel00% and is greatest f6Fe than for any
other nuclide. This enables us to understand quarKinement on an energetic basis and

explain the first EMC effect [17] whereby quarksige bound nuclei are observed to be less-
confined than those in free nucleons.

All of the foregoing provide secondary empiricalidation to the view that (3.1) and
(3.2) are empirically-valid relationships, and t{at3) and (3.4) are therefore empirically-valid
guarks masses. But there are further supportingraral results as well:

5) Solar Fusion: By combining ti5el, *H, *He and’He binding results in point 1 above with
Energ)(llH +2H o JH+ ..)= 2n, and Energ)(llH +H - H+ ..)z m,m /( 2)% for the

fusion events in point 2 above, it is possible esited in section 9 of [2] to accurately express
the 26.73 MeV energy observed to be released duairgingle solar fusion event by the
relationship [9.8] of [2]:

Energy 4]H + 2 — jHety (12.7MeV ¥ 2 (5.5MeV+) 2 (4MeV+) y4 ¢) v

=4nL+6nh—2/rrJn3+2n]d_22(rTL_)31 M - 2673 Mev
2r)?

(6.1)
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Like the other binding and fusion results thislgaxpressed wholly and exclusively in terms of
the same two parameters: the up quark mass (3d3hardown quark mass (3.4).

6) Stable Neutron-Rich Nuclides: The fact that ldtent binding energy of the neutron in
(5.9) is greater than that of the proton in (5.8)abfactor of A, /A, =1.284 295 230 - teaches

that a neutron inherently carries 28.42% more talbémding energy than does a proton. This
explains the clear empirical evidence that fornaitlei heavier than helium the stable isotopes
alwayshave either equal numbers of protons and neutks@sor are neutron-richN>Z. If one
has a given nucleus and seeks to fuse on an esdtanpor neutron, it is clear that a neutron
which can contribute more latent energy which canubed for nuclear binding will have an
easier time becoming and staying bound than a pretoch contributes less energy.

7) Lithium-6 and -7 and Beryllium-7 and -8: Thus fae have only examined tHel, *H,
*He and'He binding energies. But there is further suppwtilable from some heavier nuclides
as well. To date, the author has characterizegerladditional nuclide.i, 'Li, Be, °Be, 1°B,
°Be, %Be, 1B, *'C, **C and™N with equally-high precision, exclusively as adtion of the up
and down quark masses, via the toolkit of sectigoifit 3. All of these derivations are detailed
at length in [5], so we shall simply summarize thiesne.

The detailed derivations f8ti, ‘Li, 'Be, ®Be, which are 2s shell nuclides, are contained
in section 13 of [5] and are exceptionally reveglin terms of the requirement that the integer

multiples of them,, m,, \ym,m, and these divided b(ﬁﬂ)g must be “structurally sensible.”

We have already applied this in points 5 and 6 aftisn 5 for the hydrogen and helium
derivations, but when applied to Li and Be, thiguieement provides deep empirical support.

The respective binding energies fbr, ‘Li, 'Be, ®Be are found in [13.21] and [13.12] of
[5] to be:

SBy=7m, +6m - z\/ﬁ+(— 10 m- 10 m—gmg)/(zn)% = 0.034336427u.  (6.2)
1B, =8m, +6m - 2/m m+(2 m+2 m-14/ m g)/(2r)' =0.042105 716 @. (6.3)
{B,=7m +6m - 2/m m +(-10 m+ 8 -9, m 7)/(2r)' =0.0403563620 . (6.4)
B, = 4[AE, + 4[AE, - 2/mm - 2/ m g/ ( 27)"° = 0.060 633 250 Y. (6.5)

The respectiveempirical values out to seven digits aB, =0.034 3471 (difference of
-1.07x10° \); /B,=0.0421303( (difference of -2.45x10° 1); /B, =0.04036511

(difference of -8.74x 10° ), and ,;B, =0.060 &4 8u (difference of -2.16x10° ). So as
with H and He, these all have accuracy to pariiror 16 u.
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Now, while the existence of the coefficients 6ard 8 multiplying the quark masses
provides some “structural sensibility” for nuclidegh 6, 7 or 8 nucleons, the deep and striking
structural sensibility emerges from the fusion tielaships which were used in section 13 of [5]
to establish (6.2) through (6.4) above. Specifjcab arrive at (6.2) fofLi we used the fusion

reaction ;He+2p - ZLi+ € +v +Energy for which the empirical energy to seven digits is
0.0020335, and after using the toolkit and “structurally-sigse” integer multiples, it is
found in [13.3] of [5] that:

Energ)( JHe+ 2p - JLi+€ +v+ Energ)/z g (2m)°=0.00202641, (6.5)

which has the coefficient 9 and differs by.1x 10° u. To arrive at (6.3) fofLi we developed
the B° decay reaction/Be+e- ! Li+v+Energy for which the empirical energy is

0.0009253 1. Using the toolkit and “structurally-sensible”teger multiples, we found in
[13.9] of [5] that:

Energy( ;Be+ e~ ] Li+v+ Energy= @) ( 2)°=0.0009095 (6.6)

which has the coefficient 6 and differs byL.58x 10° L. And to arrive at (6.4) fofBe we
worked with the reactioniLi+p - /Be+Energy which has an empirical energy of
0.006 0180 1. Here, we found in [13.6] of [5] that:

5

Energ)(SLi +p - /Be+ Energ)/z 18my /( 271)1' = 0.0061®9 u, (6.7)

which has the coefficient 18 and differ hy9x 10° u. These three coefficients, 9, 6 and 18 not

only yield very close results to parts pef B 1¢ but also provide structural sensibility and
begin to teach us deeply about nuclear structulela“nuclear genome.”

When we build théLi nucleus by fusing 2 nucleons with an alpha péetin (6.5), we
are creating a nucleus with 9 up quarks and 9 dgwarks, i.e., with 9 up / down quark pairs.

And what is the toolkit number that gets us fréfe to°Li? 9,/m,m, /(277)1'5. How better to

formally state that there are 9 up / down quarksptian with9,/m, m, /(277)1'5, and to state that

both the beginning and end-produitee and®Li are absolutely symmetric undé? - N and
u ~ d interchange. In (6.6) we have the isotofit decay from unstable proton-riBe to

stable neutron-ricALi for which the toolkit gives udm, /(277)1'5. (Keep in mind point 6 where

we explained based on latent binding energies wdityra favors extra neutrons over extra
protons for anything heavier than He.) In thisctean a proton is being traded for a neutron, but
the unchanging nucleus during thus reaction isuheerlying stabl€’Li nucleus with is an
isotope of Li and an isotone ofBe. This structural piece of the nucleus whichsdoet change
is the underlyingLi with 6 nucleons. So what is the coefficientderWhy, it is 6. In (6.7) we
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are adding a proton fbi, and the toolkit yieldsl8m, /(271)1'5. Why 18?7 The nucleus at the
root of this fusion event {&i which contains 18 quarks. It is also interegtio observe that the
three main toolbox elementgm,m,, m, and m, are each used in these decays via
o/mm, /(27)"°, 6m, /(277)"° and 18m, /(2r)
reactions appears to drive these coefficients.

* and that théLi nucleus common to all three

All of this suggests that when any nuclear tramsioccurs and some energy is being
released there is definitive set of energy “dosagdsch are released or otherwise used in the
process, and which are allocated discretely to eathe quarks or quark pairs or nucleons, etc.

So for jHe+2p - ZLi+... with 9,/m m, /(277)1'5, each of the nine quark pairs gives up an

single energy dosaggm, m, /(277)1'5 to be able to establish tAe with the start of new proton
and neutron shells overlaid on the alpha nucléwa, is, to “entice” an extra proton and neutron
to join the alpha core. FgiBe+ e— /[ Li+... with 6m, /(277)1'5 each of the six nucleons — three

protons and three neutrons — in thecore gives up a single energy dosarg;e/(zﬂ)l'5 to the
B* decay. And for{Li+p - /Be+... with 18m, /(271)1'5, every single quark in th&.i core

needs to give up a singte, /(277)1'5 energy dosage to “entice” the proton into the core

Applying this new understanding retrospectivelyptont 2, we now see that to create a
deuteron which is symmetric und& - N andu - d interchange, via the most basic fusion

reaction Energ)(p+pa fH+..)= /mm I 2)%, each proton has to contribute a

m, m /(Zn)g dosage of energy which dosage is similarly symimetAnd to create a triton
via Energ;(llH +2H o H+ ..)z 2, each of the proton and the deuteron must congibuat

energy does valued at),. This provides a deeper picture of what it metmsay that the

“toolbox” elements need to be used with coeffictemthich are “structurally sensible.” We
come to understand that when we observe some fusidission energy released during some
reaction, this energy originates from a collectodriscrete “dosages” of the toolbox energies in
relation to the structural elements of the involvedlei.

We also see that the method of fitting the todikibbserved fusion off decay energies

(versus fitting to binding energies) is extrematyportant in building up larger nuclides. In
section 13 of [5], we started with tifele nucleus and built that infthi which is diagonally-
adjacent upper left to lower right in the nucliddle, per (6.5). Then we added a proton as in
(6.7) and built this into its isoton®e. Then we diagonally beta-decayed this uppétt rig
lower left into’Li as in (6.6). Once lighter nuclides are so-ch&dzed, we have the ability to
“weave” over from one nuclide to horizontally orrtreally-adjacent nuclides by examining their
decay energies, and then convert over to bindimggees via (5.13). This stepwise approach to
building up nuclei provides some sense of confideti@at the binding energies obtained are
validly-related to real physical events.
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Further, we see from tH#He binding energy /B, = 2[A, + 2[A, — 2/m,m, and from

the ®Be binding energy ’B, =4[AE, +4AE, - 2/mm-32/ mm [ 27)° that the

Z = N =even nuclides appear to form something of a nucleackbane” which areN -~ P
and u - d invariant, and that their binding energies arehaps best uncovered by first using
(5.12) ascertain their latent binding energiesn th&ing the toolkit to see how much of this latent
energy is retained for confinement, and througHminhg guided by theN -~ P andu - d
symmetry of these nuclides.

So the basic approach to “decoding the nuclearmehndas to first establish the diagonal
Z = N=even “backbone” nuclides which have full nuclear shedisd then branch over to
nearby nuclides. For the backbone nuclides we Gasculate the latent binding energy via
(5.12) which uses (5.8) and (5.9). Then we useadbékit to find out how much of this latent
binding energy (5.12) goes unused for nuclear hopdand is instead reserved for quark
confinement. Once we have established a backbodé&a we then “weave” our way over to
nearby nuclides using pertinent fusion reactionslevmaking use of the various emergent
integer dosage coefficients to provide clues altoeitnuclear substructure and which elements
within the nucleus are emitting what energy dosages

8) Stability of Helium-4 over Beryllium-8: By nowalring close fits for bottfB, and ;B,

with the ratio /B, / ;B,=1.9% 052 2 based on (6.5) and point 5 of section 5, we inithfic

explain that whyBe is unstable and always decays rapidly into e nuclei. This is another
important empirical feature of nuclear physics whiloes not contradict this approach.

9) Boron-10: Further empirical validation is obdhthrough characterizing tHéB, °Be,
1%Be, 1B, *'C, *2C and™N nuclides as the author has previously done itiged4 of [5]. We
shall not repeat those derivations here becauseatteeavailable at the original source [5]. But
the patterns which stated to emerge®dr 'Li, ‘Be, °Be do appear in for some of these even-

heavier nuclides. An excellent example of thithis JBe+2 p - ' B+ & +v + Energy reaction,
which is analogous to,He+2p - ZLi+€ +v+Energy as summarized in (6.5). The
empirically-released energy in this reaction0®$06 92101 And as found in [14.3] of [5],
which is symmetric unden - d interchange as expected for ady N nuclides, we obtain:

Energy( JBe+ 2p— B+ é+v+ Energy=\/ mm+ 1§ mp ( 2)°=0.0069234, (6.8)

which differs from the empirical energy B:4x10° u. What is extremely striking is that the
creation of 2Li with 9 up / down quark pairs froniHe contained a9,/m,m, /(277)1'5 term
shown in (6.5), and the creation §B with 15 up / down quark pairs frorfiBe contains a
exactly the same term, but now5,/m, m, /(27'[)1'5. This cannot be mere coincidence. This
reveals a very definite and meaningful data patteAs with ;He+2p - JLi+..., each quark

pair in the JBe+2 p- Y B+... contributes a singlg/m, m /(277)1'5 energy dosage, except now
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there are more quark pairs — 15 rather than 9make such a contribution. But the new feature
in (14.3) is that there is also a single ovem dosage. Because structural sensibility is

important in discerning which possible relationshigre true signals of physical reality and
which are merely misleading noise, we need to tjokmk at the structure of the nuclides

involved. Earlier,;Li opened up a new 2s shell for a protons and aomeutilike, but in 2s, the
orbital angular momentum is0 as it is for 1s. Now, howevefB is opening up a new 2p shell

for a proton and a neutron, and these shells halve So to create this shell, so as to sustain
both a proton (extra up quark) and a neutron (edtrein quark) in at=1 state, we need some

additional energy. Thg/m,m, term appears to tell us that thel proton contributes then,

and the=1 neutron contributes th®, to this/m,m, energy does an the price for entry into the
%8 nuclideand maintenance in an orbital state

In sum: equation (6.8) is telling us that to cré8Bfrom ®Be plus two nucleons, each of
the 15 up/down quark pairs in the tar§i& must contribute an/m,m, / (277)1'5 dosage and the

neutron / proton pair which opens up 2p must furtwntribute/m,m, to maintain an orbital

angular momentum. This identicalto what happens to credld from “He plus two nucleons,
except thatB needs some additional energy to fill larL orbital while®Li does not. Again:
decoding the nuclear genome.

10)  Carbon-12: Thé&’C nuclide is seat of biological life and the choseandard of nuclear
weight measurement with an isotopic mass exacthaletp 12 u by definition. It is also is of
keen interest in terms of confirming certain patsealready seen for tHele and®Be which are
the first three nuclides witiZz = N=even. This *°C sits on the nuclear backbone and so
following the basic approach states at the endowfitp/ above we go straight to (5.12) with
Z=N=6 to obtain the latent binding energy and then s®e much is subtracted away, i.e.,
held in reserve to confine quarks rather than b nucleus. The empirical binding energy

2B, =0.098939 1. What we discern in [14.30] of [5] is that:

2B =~ 6[AE, + 6[AE, —(m + m)-12( m+ )/ (27)° = 0.098987 u. (6.9)

The empirical difference i$3.10508 10° . Thus far theu - d-symmetric energy number
we have used ig/m,m, , yet the above makes clear thaf+ m, is a good tool to add to the
toolkit (by corollary it is already there becausg and m, are already there, but it helps to be
cognizant of the equally-weighted sum + m, especially foru - d-symmetric nuclides). The
coefficient 12 clearly makes structural sense:ehere after all, 12 nucleons 1fC, so each
nucleon is responsible for one of tfe, + m,)/(277)° energy dosages. But lik8B, '*C has
nucleons in the 2p shell and so must sustain yethan proton and neutron in &1 orbital
state. So in the same way tt\m sustained the first proton / neutron pair in fthe orbital
for 1% in (6.8), m, + m, sustains the second proton / neutron pair inl#fieorbital for*“C in
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(6.9). This also establishes a very definite and meanindgdta pattern. We now think of the
toolkit, physically, as representing energy dosagks we map the nuclear genome, the dosages
we uncover are telling us which quarks, quark parstons and neutrons, proton / neutron pairs,
shells etc. in various shells are contributing gger and how much energy — to bind together the
nucleus and maintain the requisite orbitahd magnetion quantum states.

For the remainingBe, *Be, B, *C and N nuclides which the author has also
characterized, we will take no further space hieu¢ refer the reader to section 14 of [5].

11) The Proton and Neutron and Constituent Quarlsselst A very important empirical
validation comes through using an extension ofidinegoing approaches to explain the observed
proton and neutron masskk, = 939.565379 MeV anp = 938.272046 MeV themselves, in
relation to these very same quark maseathin all experimental errors.This was the central
result in [6], which will be summarized here. Timext section will then turn to the underlying
theory that baryons are the chromo-magnetic morspafl Yang-Mills gauge theory.

It will be understood from basic algebra that & Wwnow the differencé-B between any
two numbersA andB and also know their sud+B then we can then deduce these two separate

numbers. Because we already know the neutron npnot®n mass differencél, —M, in

relation to the up and down quark masses from thmagoy relationship (3.2), we are one step
away from knowing the proton and neutron massemdktves if we can also determine

M, +M,. So the objective is to deduce the sum of these masses. Once that is the

objective, there is an important symmetry bendfdttwe have already seen with tde= N
nuclides: we expect tha¥l, + M, which represents baryons with a combined totahoge up

and three down quarks must be symmetric under d interchange. This greatly restricts the

toolkit elements we may use to eitheym, products orm, + m, sums (or perhapg m,> + m,’
which will make its first natural appearance inl@)).

The problem we have, however, is that the protoh meutron masses are at least two
orders of magnitude larger tham, = 2.223 792 40 MeV andy = 4.906 470 34 MeV, so the
“sensible integer multiples” approach does not hedphere. But we know from electroweak
theory that the Fermi vew-=246.219651 GeV is used to set the mass scale=ftaic observed
masses, notably the masses for\tthi@ndZ bosons, and we might expect on general principles
that this vev will also turn up in the proton arelitron masses. So knowing that we are going to

needu -~ d symmetric constructs such Mto obtain M +M,, and entertaining the

possibility of employing\/z as an additional energy square root to suppleq‘EptandJmd
which we are already using, we perform an exployatcalculation in [3.8] of [18] to

encouragingly find that the constrq& ym,m, =901.835259 Me\ lands within about 3% of

the actual proton and neutron masses. To usefamgalogy, this places the ball on the green;
now we need to figure out how to hit it into thepcu
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The next step was to emplajiag(®.) =v. diagd= v ( 02 +1 4 + & 2 -2) which
is a Fermi vacuum in the adjoint presentation fementary fermions which were grouped into
an (v,(ug.d., d;) e s, u,, u)) octet in the fundamental representation of an $G@nd Unified

Theory (GUT) that the author had used to breaketaetroweak symmetry and which naturally
explained the existence of three fermion generateomd CKM mixing and so answered Rabi’s

long ago quip about the muon, “who ordered tha®Pdinly put: the electric charged=+%,-3

of the up and down quarks needed to eQ/@EJ/rTL m, =901.835259 Me\ in the form ofv. Q.

So supplementing the Koide matricéswhich were first discussed at (5.1) and (5.2)
above with the quark electric chargegnitudesvia ®., the author in [5.8] of [6] constructed

and then calculated the following inner productéréetween a first Koide-type matrix with the
duu (proton) charges and mass, and a second riarixdd (neutron) charges and masses:

Y3vemy 0 0 Y5 m 0 0
T 0 Y5vem, 0 0  {5vm 0 |=3FZiy'mm (6.10)
0 0 #2v.m, 0 0 {3vm

=1857570635 MeV

which was understood to apply to all but the curggrark mass surBm, + 3m, associated with
M, +M,. Upon adding this sus{m, + m,) to (6.10) it was found in [5.10] of [6] that:

M, +M, = 3(w4/§vF2me, + m+ n;,) =1878.961415 Me\, (6.11)

which differs from the observed + M, =1877.837 425 Me\ by a scant 0.0599%. This
placed the golf ball inches from the cup.

The balance section 6 of [6] was devoted to ctpsims gap. In sum, it was found in
[6.6] of [6] (see also [5.14] of [6]) that thexact M, + M, includes a mixing anglé, and a
phased parameter which also need to be in (6.11) growinigof the fact that the up and down

guarks have oppositely signed electric chargesectgfl when we only used magnitudes in
(6.10), and that the complete expression is:

M, +M,= S(w“lngszmj exp( B)+( m+ m) coﬁl). (6.12)

In [6] it was then deduced in [6.28] thatsé, =0.947454242 from theempirical M + M,

and in [6.30] thatd =0 by mathematical identity The latter resultells us that there are no CP-
violating effects associated with neutron and prptehich is validated by the empirical data tha th
mass of the antiproton is equal to that of theqrptand similarly for the neutron, see, e.g., [120].

The former result boils down and bundles up thélerm of explaining the proton and neutron masses
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within all experimental errors, to the problem apkining the value of this deduced “nucleon figtin
angle” cosg, =0.947454242 within all experimental errors.

Because thig, and the phas& emerged from matrices with weneathematicallythe
same as the CKM mixing matrices, it made senseetilscosd, =0.947454242 could be

related in some way to the observed CKM mixing esghemselves. Equations [11.2], [11.3]
and [11.27] (for empirical magnitude-only dataRidG’s [21] coupled with [22] tell us that:

ud Vus ub 1 0 O C13 O S.L3 e_idls q2 %2 0
V=1Vy Vs Voo|=|0 Cy Sy 0 1 0 % G O
Vo Vs Vo 0 -s; GCy)l—Ss &€ 0 Cis 0 0 1
Cols SpGs S8
= 792637 GrS593 g ¢ 1537 812823813@ S3Gs ) (6.13)

9,8~ 0:Cs%:€ ~ G $HRe &

0.97427 0.00015 0.22534 0.00065 0.003%4™
=| -0.22520+ 0.00065 0.97344 0.00016  0.02§%!
-0.008679 3002 - 0.04047%  0.999146°%002

and the Jarlskog determinant which is a phase-caioveimdependent measure of CP violation

is J=2.9692x10°. A comparison of the empirical data witlosé, =0.947454242 suggests
that thedeterminanlM might be of help. We see from the product oféhgeparate matrices in
the ﬁrSt line above tth| :\/udvcs\/tb+ Vuchb\/td+ Vuchd\/ts_ VuchthE Vusvcd\/ﬁ) Vuchb\ttsl by

construction, but this has two parts which we caé timajor” and “minor” determinants
|V|+ :\/udvcs\/tb+ Vuchthd+ Vuchd\/w and |V|_ :\/ubvcs\/td+ Vuchthb+ Vuchb\/1 such that
V|[=|V|, -|V_=1. From the median empirical magnitude-only data, walculate
V|, =0.94753¢ and [V|_ =-0.05235¢ thus V| =|V|, —|V|_ =0.99988¢, while the CP violating
aspects ofV are captured byJ=2.96722x10°. Then, comparing the data number
cosf, =0.947454242 with V|, =0.94753E, it begins to appears as @osg, may in fact be
synonymous witHV|+. In fact, when considering the experimental ernor®.13), then we find

in [7.4] of [6] that|V/|, =0.947454)70°F, i.e., that0.947273|V| < 0.9479Z. This places the
nucleon fitting anglecosd, = 0.947454242 predicted from the actual proton and neutron nsasse
well within the experimental errors f¢v|, .

So, once again driven by empirical data, we definst, = V|, by hypothesis, and this

connects the CKM matrix with the nucleon fitting amgl Also usingd =0 we then rewrite
(6.12) as:
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MN+MP:3(<‘/%VF2HW+( m+ m)| \K)- (6.14)

Now, this proton plus neutron mass sum becomesifigaeavithin all experimental errors
When (6.14) is then solved together with the prymatationship (3.2) foM, —M, we obtain
theoretical values for the proton and neutron nsasshich are a function of only four
parametersm, and m, from (3.3) and (3.4), the Fermi vev, and the majeterminant)V|,
obtained from the CKM mixing matrix. Solving inrobination with the mass difference of the
primary relationship (3.2) then yields the sepamagsses in [6.31] and [7.6] of [6], namely (it is

also convenient at times to employ the short @dFZnL m =, M, M, , see [5.14] of [6]):

My =%(3(</%vpzrrm+|\4+( m+ )+ (3 w2 a3 g 2r)g), (6.15)
Mp=%(3(\4/%vF2ﬁm+|\4+( m+ m))- (3 w2 o3 g 2r)g), (6.16)

This then provides the basis in [8.3] through [&6]6] for obtaining the so-called “constituent”
guark masses (which we shall refer to as “contieltitquark masses) in which the current quark
masses are combined with all of their associatedlinear behaviors to specify their separate
contributions on the order of 310 to 320 MeV to tiverall observed free nucleon masses.

12) Charm, Strange, Top and Bottom-Flavored BaiMasses: If the proton and neutron can

be expressed in terms of the up and down curreatkgonasses as we see in (6.14) then this
suggests that other flavors of baryon containing, ¢,and b quarks can similarly be expressed
once these second and third generation quark Bawwe included. In this regard, the

culmination of the development leads in [6.17]&fto a “mass and mixing matrix”:

—Mymmy M mes, s W mmees ¢

+ /M M mmc,c, & +MMm/mme § €

Jmmymm{ MMss,

(6.17)

©=27 -mmymm¢G s mmomecL L

-M M, /mmms,c & - MM, mmmms,s &
Jmm MM mms s, -/ qm, MM ms, c, My M, Mo/ MM, g

Jmm my M Ms ¢,

which includes the shorthand definitionl, ., =./2v.m,., and M, , =./3v.m, , for

uct —
“vacuum-amplified” quark masses containing the enrrquark masses amplified by the Fermi
vev and attenuated by their electric charge magegu The mathematics in the above was
developed in the original parameterization of theb&yashi and Maskawa matrices but can be
developed if desired in the standard parameteozatppearing in (6.13). If we examine the
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special case for which we set the c, s, t, b masgeal to 1, ses, = 5,=0 and take the trace,
then in view of the above shorthands foM and M,.,, we obtain

u,c,t

1Tro :3(14/—§szmj m exp( 0)+(m+ m) 00591) = M,+ M, Thisis identical to thé1, +M,

sum in (6.12), andhis means that the proton and neutron masses @areedded in®@ as a
special case Thus, it must be considered that upon furthedystthis matrix will help provide

an explanation of the various c, s, t and b flagdsaryons. It should be kept in mind for any
study in this direction, that in (3.2) wefinedthe up and down current quark masses from the
proton and neutron masses which are known with nigtter precisions because they can be
studied as fre&® - 0 particles whereas quarks are confined. It ise@Xpected that a similar

approach will be warranted when it comes to thes®rsd and third generation quarks and the
baryons within which they are confined.

13) Who Ordered That? Why are there Three Ferr@ienerations?: Having just discussed
the second and third generation quarks and bainyans/orth now going back to Rabi’s original
quip “who ordered that?” about the muon. While eeond and third generation quarks and
leptons and their mixing properties have been wiedlracterized since then, Rabi’s question
remains unanswered to this day. Nobody has yewshbe theoreticaimperativefor having
three generations, or for the mixing of these gatnans. These have bedascribed but why
nature manifests itself in this way remains unexygld. The author in [18] shows how three
stages of symmetry breaking of the SU(8) octupJ,e{tJR,dG,dB),e( ds, Us, qg)) already mentioned

in point 11 above and integrally used in derivihg proton and neutron masslesds inexorably
to the appearance of three generations of CKM-typark and lepton mixing In retrospect, it
was the author's unfortunate omission not to refeeethis finding as to the theoretical
imperative for three fermion generations in thietaf [18]. Unlike what has been discussed in
points 1 through 12, this iscualitative not quantitative concurrence with empirical daBaut it

is equally important because although well charatd, theraison d’etrefor the existence of
three fermion generations has, until now, remaime@ the great unexplained empirical
mysteries of nature.

14) Resonant Nuclear Fusion: All fundamental smeeimas technological implications which
may be developed over time, and the foregoing isexaeption. Protons and neutrons bind
together to form nuclei. When they do so theyaséefusion energies and the fused nuclei
harbor mass defects which are very precise enetggbars which never vary from one
experiment to the next. There must be an explamathy, for example, the deuteralwayshas

a binding energy of 2.224 52 + 0.00020 MeV, eact awery time, and indeed, why all the
binding energies shown in Figure 1 and all the giesrof the fusion and fission events related to
these are as they are. As we have now seen, ph@n@xion rests in the current masses of the up
and down quarks which these nucleons contain. p8tg@ack and applying hindsight, there is
little else thatould account for these energies, because protons aridbne are no more and no
less than systems containing quarks and their yrgbh-linear interactions. But if that is the
case, then as pointed out in section 9 of [2] amdentompletely elaborated in [5], the binding
and fusion energy “toolkit” discussed in point 3sefction 5 which specifies the most elemental
energy dosages released during a fusion event manpobonly a theoretical toolkit, but also a
technologicalone.
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Nikola Tesla, who possessed one of the greatesbrival aptitudes for extracting
technology from science, once stated “if you wanfimd the secrets of the universe, think in
terms of energy, frequency and vibration.” Sdé secret we wish to extract from nature is how
to extract energy via nuclear fusion in the besy wassible, and if we think about applying
vibrations to nuclei and nucleons in resonance wefain energies and frequencies that might
facilitate fusion better than can be done abseplyamy this vibration, then the foregoing toolkit
energies which explain the nuclear binding anddiuglata provide possible guidance. A good
precedent for this line of reasoning is the usenmrowaves or radio waves to excite atoms into
higher energy states (Hertzian resonances) whighdd the basis for lasers and other optical
“pumping” techniques. It is on this basis that #uthor has proposed and filed the international
patent application [5] for catalyzing “resonant leac fusion” by bathing a nuclear fuel in
gamma radiation at energies established by thaetdéss@nergies in the dosage toolkit. This
needs to be tested and if viable, developed. lButdsting is very simple: In experiment 1 carry
out a given fusion reaction in the “usual” and ‘ioaty” way and carefully assemble and
monitor all of the variables, e.g., temperaturew@q density etc. which are involved as an
experimental “control.” Then in experiment 2 apggmma radiation proximate the toolkit
frequencies which are pertinent to that fusion tiea¢c and change nothing else. Make certain
that the only difference is that in experiment & gamma radiation is applied and in experiment
1itis not. See if the fusion moves any of thg kariables in a “fusion-favorable” direction. If
it does, then the further development of thoseltesuay provide the path for more practical and
widespread applications of nuclear fusion to predobemmercial energy. And, any favorable
change based on using the toolkit energies woulc herther empirical validation of these
scientific results.

So for example, consider the simplest fusion evept- H +¢€" +v +Energy. We

found in section 5 point 6 that this releases aergn 2,/m,m /(2%)% = 0.000 450 4241

which differs from the empiricaD.000 4511410 by less than 1 part per million AMU. Using
the nuclear structure insights obtained above ftatmium and Boron fusion, this means that

each of the protons must contribute a single endapage,/m, m, /(Zn)% =0.000 251551u,

which is about 0.210 MeV, to enable this fusiomtour. So what we should try to determine is
whether, if we bathe the hydrogen fuel in gammaataxh near 0.210 MeV, this energy bath will

provide what is needed to catalyze this fusion nfiaverably than if we do not provide this bath,

and whether with proper technological developmaéset fusion energy output can be made to
exceed the catalytic gamma radiation input.

15) Decoding the Nuclear Genome: The many waysfuhdamental purpose of this paper
is to present empirical evidence for the viewpdiat there is in fact a nuclear genome which
needs to be decoded if humankind is to advancanitierstanding of nuclear and elementary
particle physics beyond where it stands at presé&iis nuclear genome is physically manifest
through multiple relationships in which the nucleaasses and mass defects and binding and
fusion / fission energies are expressed in termsuofent quark masses (and for proton and
neutrons and other baryons themselves the Fermiamdvthe CKM quark generation mixing
matrices, additionally) which quarks masses caedtablished with the same level of precision
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as these other mass / energy parameters. Anaf, thiis can be achieved using an unambiguous
electron-proton-neutron (EPN) measurement systemdéfining the Q - 0 quark masses

notwithstanding the fact that quarks are confined so can never hdirectly observed in their
gquiescentQ =0 states of being.

This exposition began with the postulated “primargiss relationships” (3.1) and (3.2)
from which we then deduce@ =0 up and down quarks masses with a high precisiberited

from the EPN masses and then posed the three guesl) whether it is legitimate and
unambiguous as a measurement system to estaphksd quark masses in this way, 2) whether

such an approach relating the quark masses toarutl@sses and energies could be validated by
empirical data and 3) whether and how the thes# baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory provides eftheoretical foundation upon which all of
this may be supported, and what is the interfated®n theory and experiment.

The evidence presented in this section of pantstpe 1¢° and even 10AMU empirical
fits between the up and down quark masses andpiaulight nuclide binding energiési, *H,
He, *He, °Li, Li, 'Be, ®°Be, '%B, °Be, 1°Be, B, *'C, *C andN, very tightly-bound nuclides
like *°Fe, and even the proton and neutron masses theraseithin all experimental errors,
demonstrate that there really do exist definit@ationships in nature between the up and down
current quark masses and a plethora of energie=naak in the nuclear world, and that the up
and down quark masses are indeed the masses dady&8) and (3.4) with a precision close
to a billion times better than anything that hasrbachieved to date by defining quark masses
from the results of nuclear scattering experimenfsour purpose was to validate the primary
relationships (3.1) and (3.2) and thus the up andndquark masses (3.3) and (3.4) by showing
thatif these relationships and masses are regardedeaséiny other nuclear energies could also
be similarly-related to these masses, then eveglesione of points 1 through 11 of this section
contain further examples of secondary nuclear gnsxtionships which can be expressed in
terms of the up and down current quark masses,likestthe primary relationships (3.1) and
(3.2), thus providing clear empirical validationk.a. consistent non-contradiction. Point 12
suggests possible additional validation (or conttamh) through the study of other baryon
masses, and it is also very important as we aréenckd of in point 13, that this approach allows
us to finally answer Rabi’'s questions about théndigermion generations, “who ordered that?”
Per point 14, the ability to better develop nucleeion technology could be a potent practical
benefit, and if testing shows this to be feasitiles would provide additional validation.

So at this point, the primary relationships (Zahy (3.2) have been amply validated by
empirical data, and this validation also demonssrdhat the EPN measurement system laid out
here yields sensible and unambiguous results. Mmwtime has arrived to summarize the
theoretical considerations from which the authorgioally deduced the mass / energy
relationships (3.1), (5.1) and (5.2) from which @fllthe other empirical connections elaborated
here were developed via comparison with empirieahd The underlying theory, of course, is
that protons and neutrons and other baryons arehifteno-magnetic monopoles of Yang-Mills
gauge theory as originally presented by the authfit] and thereafter more-deeply developed in
[10] which for the first time fully lays out the gntum field theory for this via an exact, non-
linear path integration of classical Yang-Mills gautheory. In short, we now turn to the third
guestion from section 3: is there a firm theorétficaindation upon which all of this may be
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supported, and what is the interface which connibesry to experiment? We now review this
guestion in the remainder of this paper.

7. Merged Magnetic and Electric Maxwell, Yang-Mills, Dirac, Exclusion,
Feynman, and the Theoretical / Empirical Interface

The author’s thesis that the observed baryonstrerechromo-magnetic monopoles of
Yang-Mills gauge theory is what initially led folleng development in [1] and later deeper
elaboration in [10] to equations (5.1) and (5.2) dnen by subtraction of (5.1) from (5.2), to
equation (3.1). These three equations, in turoaie the foundation for all of the empirical
connections elaborated in the last section whianuwatively provide substantial evidence for
the validity of the underlying theory, as has beeviewed here. So it is equations (5.1) and
(5.2) which are the “interface” between the undedytheory and the ability to prove that theory
by reference to empirical data. In the interesecbnomy we shall leave the details of this
underlying theory to the original source materfdlsand [10] and focus on how it is that the
interface equations (5.1) and (5.2) ultimately defrom that theory.

We start by returning to the question posed imp®iof section 3: “If we can legitimately
assert (3.3) and (3.4) to be tle=0 up and down quark masses and if we can find secgnd

support from a broad array of nuclear data [whiak how been done], then we get to the third
guestion: what is the overarching theory, and dbeas theory make sense within the overall
framework of theoretical physics, and what is thteriface by which we connect the theory to the
means by which it can be empirically tested?”

As to theoretical sensibility, the thesis that thserved baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory is in fact extonally conservative, and is grounded
solely in widely-accepted, highly-settled, thorolygtested science. Its novelty rests in its
deductive synthesis of known, accepted and welltatdd scientific theories and theoretical
elements to uniquely and unambiguously deduce nesults and new explanations for
previously-unexplained observational data, suchvlagt was reviewed in the last section. As
suggested near the start of section 6, while breewd ideas ought not to be ruled out out-of-
hand, a synthesis of settled science and scieeliments is preferable, and brand new notions
should only be used as a last resort when therm iapparent way to succeed by restricting
oneself to combining known elements in unknown wayahis theory follows the preferable and
more conservative path by combining in new waysatikh known and well-tested and settled.

Specifically, setting aside the empirical validas already reviewed, in order to accept
this theory from aheoretical standpointone is required simply to believe and accept moem
and no less than: a) that Maxwell's electrodynamidsch includes (vanishing) magnetic
monopoles is a correct theory of nature; b) thangfilills gauge theory which extends
Maxwell’'s electrodynamics to non-abelian domaina isorrect theory of nature; c) that Dirac’s
theory is a correct theory of nature particulargdfar as it relates fermion wavefunctions to

current densities vid?’ :zZy”z/J; d) that Dirac-Fermi-Pauli were correct when tlasgerted that

multiple fermions within a single system must ocg@xclusive states distinguished from one
another by one or more quantum numbers (the “EiariuBrinciple”); and e) for the quantum
theory of chromodynamics QCD, believing that Feynimanethod of path integration is the
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correct way to start with a classical field equatin spacetime (configuration space) for a field
¢ with source] and its related Lagrangian densiff#,J) and actionS(g, J) :I d (g, J,

and convert this over to a quantum field theory Ipgrforming the integration
Z =expiw (J) :GI Dy expiS(¢ ,J) and then extracting the quantum fiahd(J) in (Fourier-

transformed) momentum space. And to cross theshbtd from theory to empirical
confirmation by obtaining the interface equatiofsl) and (5.2), one also needs to believe and
accept f) that the quarks inside a baryon, althaaifined, are asymptotically free and can thus
be treated at least in an approximate manner addrmions.

If one accepts and believes a) through d), thenndseorable result omerely combining
all of these togetheleads one to conclude that the classical magnsticopoles of Yang-Mills

gauge theory — specifically the sources of a namskhang magnetic field qu><ﬂ> F #0 across

closed spatial surfaces — do indeed have the earbeed antisymmetricR 0GB color
symmetry of a baryon, and that thﬁ F #0 has symmetriRR+GG+BB color symmetry of a

meson With(ﬂ> F #£0, all as established in detail in Part | of [10This synthesis also teaches

that employing SU(3) as the color group of chromodynamics is nathaice but isrequired
(the only choice is how to name the three mandaigenstates).So chromodynamics is not a
theory of first principle, but is a corollary thepemerging inexorably from the synthesis of a)
through d). And if one further accepts and bege), then the quantum theory which emerges
via theoretical deduction following path integratiteads to a running QCD coupling which
matches up to Figure 1 above within experimentadrey as established generally in section 18
and specifically in [18.22] and Figure 14 of [10Finally, if one accepts f), then it becomes
possible to use this theory to obtain (5.1) and)(&hich is the bridge to empirical testing. But
the fact that (5.1) and (5.2) and their offspridgl] lead to all of the empirical confirmations
already enumerated here provides comfort that titeiatment of quarks inside a baryon as
approximately-free particles is empirically-validgso let us now turn as directly as possible to
how the interface equations (5.1) and (5.2) arainbt and then work backwards to place that in
the overall theoretical context.

The starting point for deriving the interface eqoé (5.1) and (5.2) in the original
formulation of the baryon / monopole thesis wasatign [11.2] of [1]. In the later formulation
presented in [10], the equivalent starting poirggsiation [10.4], which is reproduced below:

TisF.s,, ((0), =T [C,.0,]((9),

o 3 “ . o . . (7.1)
=Wehiy (Pr= M) Vol W 1, (P MY Vg 0 ¥, (1P M)y

The notation inZF

21w ((0)), is & bit cumbersome so let us simplify this a &itd also

remind the reader what this means. Then (7.1) simply reminds is of the use of the spum
ZndU= N’/ ( E+ m(/p+ mduring the course of the derivation starting wieh1p] of [10].
If we simply keep in mind that a spin sum was uedet to that point then we can drop the
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from the notation. So for the normalizatidd® =(E+ m) we may write the spin sum as

uu=( p+ m with the sum being mentally noted, and follow $aitany downstream results.

The ((O))O notation developed in section 8 of [10] tells battthat (7.1) is taken in the

abelian limit of non-abelian gauge theory for Whi(ﬂ}((o))0 :(k,kr - nf+ is)_l J, and in
which we have not recurse@, into itself at all. As shown in section 7 of [1@& natural
consequence of the non-linearity of Yang-Mills gatigeory is that when we invert the classical
Maxwell chromo-electric charge equation betwe@n and J,,, we find thatG, (G,, J,) is a
function of itself along withJ ,. So if we recursa time before cutting off then we denote this as

Gﬂ((o))n. To simplify, we shall simply keep the subsctipt as a reminder thaf,, above is

taken at the zero recursive order which is theiabdimit and drop the nested parenthesis.

Finally, the “eff” subscript for “effective” in (1) is used to denote that this is the portion
of the field strength tensd¥,, which actually net-flowsﬁg F :@5 Feff = —ic.[jS[G,G] # 0 across

the closed surfaces surrounding the “faux” magnetiarces P' = -id[G, G| = -i[dG, { of
Yang-Mills gauge theory. This is because the ted@ in the complete field strength
F=dG- i[G, G] identically drops out of any expression @SF becausedldG=0 because the
exterior derivative of an exterior derivative israen differential geometry which is why in
electrodynamics@F =0 which combines Gauss’ law for magnetism and Fafadaw for

induction. This is the heart of how baryons amotktically developed from the monopoles of
Yang-Mills gauge theory by deductively combiningrie a) and b) above (Maxwell and Yang-
Mills are both correct theories of nature). Thus shall retain the “eff” subscript as a reminder

of this. ThereforeZF , ((O))o above shall now be denoted simfy,,, to mean the net-

flowing <ﬁ> F # 0 portion ofF in the abelian zero-recursive order of Yang-Mgéige theory.

The final aspect of (11.1) which we have not ystdssed, is that this is a trace equation.
If we backtrack to an earlier equation such asOPa2 [1] from which this is descended to write
this in matrix form prior to taking the trace, th@hl) can be put in its matrix form:

‘/TRV[;( ( Pr— mR)_l yv]l// R 0 0
FeffO,uv =i 0 ‘//Gy[y ( P~ mG)_l yv]l//G 0 . (7.2)
0 0 ‘//By[p(ps_ms)_lyu]‘/js

This is the formal starting point vi& :J'J'I%TrFWF”VdW using both inner and outer product

traces as reviewed in this paper near the staédion 5, for deriving (5.1) and (5.2) which are
the interface equations leading to all the emplirocanections reviewed in section 6. So let us
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proceed to show how this connection is made. Willessentially review section 11 of [1], but
with additional clarity and the revelation of a ¢éypf up and down quark mass mixing not

previously elaborated. We begin by looking at ¢femeric expressio@y[ﬂ(p— m)_l Y@ in
(7.2) for each of the three colors of quark.

First, we separate the propagatpps- m)_1 =(p+ nj/( g - rﬁ) into two parts:

— ey Y e e
() o = e T e e e (7.3)

Now we expand out the numerator in the latter tesing p = p’y, , as such:

WY DYl = PPWK VoVal = BUK Vol + PN KV + BUY Y Vol + By K Va0 - (7.4)

We evaluate each of the independent compongmts 010203122331 and apply the Dirac
relation y® =iy°"y?y’ in various combinations to terms which do not deap via the[ 4, V]
commutator. Using,, =7, for flat spacetime, one may summarize the result b

WYuP Vol = 26,0 WY VY (7.5)

So we use this as well as the Dirac covargnt y, | = -2ic,, to rewrite (7.3) as:

- -1 my v € e
oy, (p-m) o =215 eH 4 o "’;%W- (7.6)

p—m

We see therefore that this generic expression centath a second rank antisymmetric tensor
Yo,@ and a first rankaxial vector wyPy W . Using chirality language, this means that

Fettow = Fveiow + Faerrow 1N (7.2) admits to a vectoW) and axial §) separation.

e

Let us now set aside the axial teff,,,, and focus on the vector terfy in the

VeffOuv
p®> - 0 limit for which the propagators disappear and ititeractions essentially occur at a
point. We refer to, e.g., [23] at p. 257, for m#éar analysis explaining how the Fermi coupling
constant G. really is a point-interaction manifestation of \ vector boson propagator

(9, k% / M2)/(K=M2)" in the k* ~ 0 limit for which G./v2=g,/8M,?,

connecting the modern understanding of weak intienas with Fermi’s original conception gf
decay modelled on electromagnetic interactions.ingJshe V portion of (7.6) in (7.2) for

p®> - 0 allows us to now write this matrix as:
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wR wR O O
mR
Foetrom = 2 0 Yeo n YeOuts 0 . (7.7)
O 0 [/IB l//B
mB

It is this matrix which is the theoretical point @éparture, i.e., interface for connecting with the
electron rest mass in (3.1) and the various nu@aargies elaborated in sections 3 through 6 of
this paper. So now, with the benefit of two yeairsetrospective perspective including the many
empirical connections enumerated in section 6, al £lucidate that connection which was
originally uncovered in sections 11 and 12 of [g}veeen (7.7) and observational energy data.
Note that the trace of the above is

Ye9ulr ¥Tuls Y eTulls (7.8)
m m m

1
TrFVeffO;u/ -

which has theRR + GG + BB color wavefunction of a meson.

As reviewed at the start of section 5, the enefgyure gauge fields in Yang-Mills theory
may be deduced by takirg = _m d*xiTrF, F*, and thatTrF,,F*" may be taken via both and

outer and an inner product. We now haveRap,,,, in (7.7) above which flows from the thesis

that baryons are the chromo-magnetic monopoles ahg¥Mills and specifically from
synthesizing Maxwell and Yang-Mills and Dirac Thiegrand Fermi-Dirac-Pauli Exclusion. So
we shall use this to deduce the associated ertergy

First, based on (7.7), we form the outer produaatd:

lTrl:VeffO,uv D I:VeffOlW
wRO-,uva IZRaﬂva + ZGJvaG EGJuva + a Bo-,uvl//B IZBalvaB
M, m, m, m m m : (7.9)
+2¢/Rauva ZGU"”% + Zl/leauvwe lZBa-Wl//B + 24[/ 87 s IZRO-IUVwR
Mg s m m n m

It will be appreciated that this includes the inpeoduct trace, which consists only of the top
parenthetical line in the above:

%TrFVeffO,uv (Fyero = Z[wRi:wR wRJn:wR + wGUr;’:[IG l/jGar::l/jG + ¥ BUr‘;ng Y0 Yy ] .(7.10)
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So the inner product has pure-color RR, GG and Be&dyrcts while the outer product
supplements these with RG, GB and BR cross-colmatymts.

Next, we refer to sections 7 and 8 of [1] as atseewed in section 10 of [10] whereby
for the proton, the RGB colors of quark are redpelt assigned to and have the appropriate
flavor generators for the duu flavors of quark &mdthe neutron these same colors are assigned
to and have generators for the udd flavors of quarkerefore, (7.7) is used to derive both a
proton @) and a neutronN) field strength:

[/Id wd 0 0
m,
I:V Peff Ouv =2 0 wu?r/{:/wu 0 ! (711)
0 O aua,uvl/lu
m,
Euo—uku O O
m,
Fonetrom =2 0 vs mdw" 0 . (7.12)
0 0 W40 Yo,
my

This is the first place at which the up and dowmrent quark masses enter the picture. This
means that the outer product traces:

3TrR, pettouw ) Fy peffe = 2[wd(:r:;vwd ‘/’dan:wd ‘/’u rlrl;w wda:ngd wu %w w“a:;w”j (719)
3TrR, netrouw Py Neft0 = (wu rr;\:v‘// wuar;;ku " 4"[/“ rlrl;w wda:ngd * 4wda;;;wd wda:;wdj.allél)

So if we subtract (7.13) for the proton from (7.1@h) the neutron, we find that the difference:

v v Z va v a” l//u Vw _ua-ﬂv u
%TrFVNeffO,uv O Fy netro” _%TrFVPeffO,uv OF, metig :2(3 ! n: @ ¥4 mjwd - r:@. d d j-(7-15)
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It is (7.13) which eventually turns intg, = (md +4/mm+4 m) /(277)% in (5.1), (7.14) which
turns into E, =(”L +4/mm+4 ng) /(27)° in (5.2), and finally, (7.15) which turns into

Ey-E,=3(m,- I’TL)/(Z]T)% = m (5.3) a.k.a. the primary relationship (3.1). Gsteuld

closely make these respective comparisons, becthese is how the structure of the theory that
baryons including protons and neutrons are thenocbrmagnetic monopoles of Yang-Mills
gauge theory bleeds through to (5.1), (5.2) an8l) (which become the basis for all of the other
empirical relationships heretofore reviewed.

Specifically, as will now be reviewed, when we ugé.13) to (7.15) in

E=([[[4TrF, F*d’x, carry out the integration, and then establish rthemalization of the
Dirac spinors by comparing the theoretical energgults to empirical data (“empirical

normalization,” see [1] after [11.29]), we uncoterm mappings/ 0, ¢, ¢’u oW, Im?=m,

wdapvwdwd l//d /md = r‘nd and l//u ,uvw wda,uvl//d /murnd = Y mJ ”3 ! together Wlth the

(277)? =J27r divisor which emerges from the :_[_U%TrFWF’”d3x integral over three space
dimensions. Let us now detail how this is done.

All of (7.13), (7.14) and (7.15) when used as ireegls in E :IH%TrF#VF”VdSX will
yield one of three distinct termg:E,,, = [[[ d°xp, 0,04 ,0,,4,/ M’ which is a pure up / up
term, $E, —Hj w0 Wl//dl//d o4 m’ which is a pure down / down term, and

+E.q J“ d*xy,0 oW, Zdayvl//d/ m, m, which is a mixed up / down term. The factoriofs to
account for the overall factors of 2 in (7.13) tigh (7.15) so we are comparing energy numbers
to energy numbers. These are then weighted witi@roverall energieg = ”I 3 TrF, S d3x

via the constant coefficients 1, 3and 4 variougipearing in (7.13), (7.14) and (7.15). And
these also become the “energy dosages” in theKitbdirst referred to after (6.7) which

physically are later understood to be the energyades emitted from nuclei during fusion
events. So, for example, we earlier spoke afte8)(®f how nine (9) energy dosages

9/m,m, / (27'[)1'5 are emitted as energy whéte is fused with two protons to credteé with the
same number of nine (9) up / down quark pairs, ahdhow fifteen (15) energy dosages
m,m, /(27)" are emitted whefBe is fused with two protons to credfei with the same

number of fifteen (15) up / down quark pairs. WWatwere really saying when more formally-
specified in terms of the underlying theoreticalygibs, is that in the former case

JHe+2p- SLi+€ +v+Energy there are nine (9) and in the latter case
2Be+2 p- B+ é +v + Energy there fifteen (15) simultaneous emissions of thergy dosage
+E.q J“ dgx//u oW, Zdawwd/ m,m,, one such dosage associated with each pair ohdp a
down quarks. So now, let us review how this cotinoe@ets made.

49



J. R. Yablon

Let us start with the generic expressiék = [[[ d*xo, wyo, | nt for a fermion
wavefunction(//(x) and take this to be representative of the up emdguark when used in the

“pure” terms mentioned just above. Now, any spatépendence for this integral ovdfx is
contained ing (x) so to go any further with this calculation we mutke some supposition as

to spatial-dependency ajl(x). We can choose from a range of possible funsti@ng.,
Lorentzian, exponential, Gaussian, etc. Indeed,fanction may be used, whether or not it is
radially symmetric, provided it is renormalizabladaso finitely integrates when placed in
sE :J'J:f d%&awz/@awz/// nt. As anansatzto be able to perforraomenumeric calculation,

and without limitation as to any othansatzthat another may choose, the author at [9.9]1pf |
chose the radially-symmetric Gaussian wavefunctipft)=u(p)(/ mz)_JSexp(—% nt( r- 5)2)

where m generically needs to be a number with mass diroaaty and r, is the radial
coordinate of the center peak of the Gaussianrth&y to givem some meaning in relation to
the physics being studiedh is chosen in thiansatzto be equal to the rest mass of the fermion.
Again, this is done simply to be able to do angraé calculation overd®x with the hope that
energy numbers which makes sense in relation tetony observed might emerge from this
calculation. Other exploratory choices ial(x) are also possible.

Now, a Gaussian is the standard expression usept@sent a minimum-uncertainty
wave-packet and thus is associated with free pesticSo, one may ask whether this “freedom”
is suitable for quarks which are confined. Butrfgare in fact asymptotically freeso aside
from the “edge” region of a nucleon ne@=A,., as discussed in section 2, a free-particle
Gaussian would be a good approximation to an “apprately free” fermion such as an
asymptotically-free quark. Also, wave-packets sashhe foregoing Gaussian with a standard
deviation comparable to their Compton wavelenglh=7#m/ c contain negative-energy
amplitudes indicating the presence of antiparticlBat we know that nucleons are teeming with
quark / antiquark states, exhibited no more cledrén through the manifold aig meson jets
emitted under any substantial scattering impacinally, the Compton wavelengths of the
current quark masses are on the order of 40 Fenmnthé down quark and 85 Fermi for the up
quark, which exceeds ~ 2 Fermi length sagle 71/ ¢/, = 2.1780 fm of A, by more than a
full order of magnitude and so “bleeds out” frone tbroton and neutron even though the quarks
are confined. But as noted after (6.16), see thisend of section 11 in [1], the constituent i.e.
contributive quark masses have a standard deviafitess than 1 Fermi which places them well
within the r, length scale. And what we learn in sections 5 @usl that although the current
guarks are confined, their mass values are theatairtvers of the energies which do pass in and
out of nuclides and nucleons during fusion andidisevents. So while nucleons do confine
qguarks,they do not confine energieand the energies they release are driven diréxgtlyhe
current quark masses. Thus one can acquire soraktatjue comfort with a Compton
wavelength that extends beyond by over 1 order of magnitude given that the saragalength

drives the energies which also bleed out from thedeons. So we cease playing “Hamlet” over
what ¢/(x) to use, we keep in mind that differeg{x) can be tried and that this might be an

50



J. R. Yablon

interesting exercise, and we go iR = [[[ d°xpa,, o, w1 nt with a radially-symmetric

Gaussian and with the Compton wavelengths of thieestiquarks masses setting the spatial
spread to see what comes out. If the results reakee approximate empirical sense to some
degree, then what we have done is seen to be apmi®ty correct to the same degree. If they
are contradicted, then we must try something else.

S0 we sey(r)=u(p) /7] "exe{-4 i -5 in +E= [[] &*xic, o, i four

times which yields fourth powers of the terms ilesw(r) and remove the space-independent
terms from the integral. We then make use of theathematical solution

I”d?’xexp(—Zmz( r- 5)2) :(ﬂlz)% /nT for the Gaussian integral, and finally reduce ugh

e[ LR, e, ] 4 o2 )

_ 1 ﬂZ3(7—Tjgiﬁa o, u=—"w uw, u
m? 2) m T o)

(7.16)

T

So we see how the this integration converts the penms and also |njects(aﬂ) divisor via

Yo WW O W I m = mu/(2n)E and ¢,0, W0, M= md/(2n)f. The (2n)?
which was laced throughout the empirical calculaio sections 3 through 6 is therefore seen to
have its fundamental mathematical origin#hﬁd%exp(—.Ssz) =( 2r /A)% which is the three-

space Gaussian integral. And we see that for gbiffezent, not-Gaussian, normalizahle(x)

with a fourth-power integram'd3xf (x) = M, whatever factor appears in place(affr)% would
be driven byM.

Because Dirac spinors are a function only wfmp) and notx, the final term

GO'WUIUW uin (7.16) above is a function only of massnd momenturp. These Dirac spinors
are subject to normalization and this normalizatiam bechosen So we should choose the
spinor normalization such that the energy numbethénresultants E = m/ (277)? W, uw,, L

makes sense in relation to an observed energyesgies. So we return to (7.15) which contain
only pure up / up and down / down terms, and soca® make use of (7.16). Specifically,
combining (7.15) and (7.16) enables us to write:
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Es = By nerio ™ B netro :.[.f.[ o X Tr K/ Netrow U Ronerto _Hj d % Tr Rriow 0 K RiTO

I 3 Jda Wy a O'Wl// 3 Jua A J O'WI//
:23 d H d d _3 d H u u . (717)
| ST | BB |

3 - n 3w 3
=2 Wmdudawl—h U0 %_W mug,, Y uf. lfl}

This E, represents the energy difference betwégy,, :jjj d*XETrR o0, O Rerd” for the

neutron and proton vectoWV), monopole-effective, zero-recursive-order purddfistrengths
(7.12) and (7.11). And it will be seen that if v@rmalize the Dirac spinorsuch that

Uyso, U U0, U =ugo, qJ_uLp'W U,=1, (7.17) will reduce to:

Exr = B/ netro = Bvperro :i( m, - mu) (7.18)

(271)

This is (5.3) a.k.a. the first primary relationsh{@.1) upon which all of the empirical results
from section 3 onward were based.

Nl

Now, as was stated after (5.3), and as may bewedéan section 11 and specifically
[11.21] of [1], the author first evaluated (7.17)da(7.18) using the PDG datg, =2.37! MeV
and m, =4.8>MeVand its error bar ranges to deduce t286 MeV<E, < .704 Me\, with a
median value ofg, =.495 MeV which is only about 3% off from the electron resss based

on PDG data with error bars much larger than 3%e @uthor then hypothesized for further
confirmation which was subsequently successfulhi dther ways enumerated section 6, that
this energyE, = E, o — B/ rerio 1S IN fact equal to the electron rest mdmecause in the zero-

recursion abelian limit where, ((0)), = (k k' - nf + is)_l J,, all of the interaction which gives

rise to the observed neutron minus proton massrdifce has been turned off. Thus (7.18) is a
relationship which contains only a “signal” for bacurrent quarks without “noise.” And with
only signal and no noise, it is sensible that teetron “signal mass” would differ from the
proton “signal mass” by precisely the mass of tleeteon.

So this data concurrence is what motivated theaauthsetm, = E, = E, \.x0 — B merro

by definitional hypothesis, which then mandail_ﬂ:gaawudﬂdawud :_uuaw LL_UUUW y=5 for
normalization because this is what reduces (7.47Y tL8) which then enables the empirically-
accurate definitiom, = E, = E, \.«o — B rio- When we then calculate out the consequence of

this “empirical normalization” we find in [11.29] ¢1] that the quark normalization coefficient
has the form N*=-ZL(E+m)/2m, and specifically, thatN2=-L(E,+m)/2m and

Ndzzﬁ(Eﬁm,)/ij for the up and down quark spinors respectivelyebbasn the
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conventional spinor definitioru®™ = ()((S) )((S)am)/(E+ nﬁ) It is also of interest as
discussed in Figure 3 of [1] that when we empihcahatch up (7.18) with the electron via
m, = E, the deduced4! constant in the divisor of the normalization caeéint happens to

coincide with the precise number of fermions knowvnnature: 4=3+1 colors of quark plus
lepton times 3 generations times 2 isospin stgtesnd down.

Now, if E, = E, a0 — Evrero @PPeaArs to produce a close empirical result, oightm
expect each of the neutron and proton signal eeef§j,., and E, .., t0 also have some
meaning in relation to something what is observ8a. the next step is to study these energies.
But as noted after (7.15), the mixed enepl,, = [[[ d*w 0,00 ,0,, 4,/ m m needs to

now be calculated because these mixed up / dowerdrinéegrands appear in (7.13) and (7.14)
for the proton and neutron field strengths. So ilamy to (7.16), we use

W,4(r) :uuyd(p)(r[/ nhdz)_'mexp(—% m, ¢ ( r- 5)2) now explicitly quark-labelled because we need to

distinguish up from down quarks to calculate th&edienergy. Here, after solving the Gaussian
and reducing and separately isolating a te,m with mass dimensionality of +1 we obtain:

AT 7

-3

) ”hlnh( ZZJ( rgzj 0, w0, ] & expl( P+ ) Or)Z)'

1 2\3 23 p _ _
:rnjnh(n};] (n’]g] (na2+ nazj UuU/_(VUuUdO'yVLh

:M( mm

2
Uu0 U, UsT,, U,
3 2 2 uv v
I'nJ 'i'rr!j j

(7.19)

Nlw

Vg

Solving this Gaussian start with the mathematicilt®on de%exp(—n?( r— 5)2) =7 Int
from which we obtainﬂ.[d3xexp(—(rn,2+ ngz)( r- 5)2):773 /( m’+ rraz)% by the variable

substitutionm? - m?+ m? thus m* - (mf+ n;;z)i, l.e., scaling the coefficient. As a check

on the calculation we see that in the special e@asere m, = m, = ir the result in (7.19) will
coincide identically that in (7.16).

Now, the dimensionless ten(mLm, I(m?+ rr;f))E from which we have separated the

+1 dimensional,/m,m, looks a bit complicating at first. But any tima a’+b* shows up
somewhere in a mathematical expression we can plac®rs with lengths andb at right
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angles to one another, specify an anggméd=a /b, and usea’+b* as the “invariant”
hypotenuse. So it looks like there is some an@learctar(rm /m,) which needs to be
understood. And we also recall that in electrowtredory there are similar expressions of the
form m, m, /( m?> + nf). Specifically, we recall thag, sing, = g, cosJ,, = e wheree is the
electric chargeg,, the weak chargeg, the weak hypercharge arf} is the weak mixing angle.
And we recall that in the course of calculating niro this one arrives at
sing, co¥, = 9,9, ,(ng + gyz) where g,* =g, + g,* is the charge strength of the Z boson

with a massM, =4v.g, wherev, is the Fermi vev. So the,m, /( m?> + naz) above seems

suggestive that there is an mixing angle analogotise weak mixing angle that rotates between
the up and down quark masses. Let us now exphiseconnectiorwhich the author has not
presented explicitly in any earlier paper#\s the discussion of this angle proceeds, thdee
may find it helpful to refer to Figure 3 followin@.16) below.

8. First Generation Quark Mass Mixing

Analogously to electroweak theory, we postulatierst generation quark mass mixing
angled and massn definedsuch that:

m, Sin6 = m, co¥ = m. (8.1)

So immediately, becausand=m, /m,, we may draw a right triangle witim, on the leg

opposite andn, on the leg adjacerd, and thus with,/m,*+ m,®> on the hypotenuse. Therefore
sind=m, /\ym?+ m?, cosd=m, /J/m?>+ m? and thus:

MM - MY (8.2)

sing cosf =—; 5
m=+m m

which is identical to the factor to the 3/2 poweattappeared in (7.19). In the above we have
defined m,* = m?+ m?simply for convenience, and used the Greek zeteruind us of the

analogy to the electroweaty,” = g,° + gyz. So we can use (8.2) to remove the masses frm th
factor and instead express it in termsfof Doing so we have:

Eu =”_f d3xl/jua”“l/jul//"J”“l/jd VM My (sing coﬁ)%ﬁuaﬂvuuﬂdaw u,. (8.3)

3

m,m, m

1
2

If (3.3) and (3.4) are indeed the empirica=0 quark masses in the EPN measurement scheme
discussed section 4, then these can be used toaltiw = 0.453 236 693, therefore the mixing
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angled = 24.381 777 8°. Additionallym, =/ m’+ m? =0.005 783976 u= 5.386 90110 Me'
may be deduced.

At this point, we have all that we need to retton(7.13) and (7.14), use them as
integrands inE :J’H d*x3TrE, O F* for each of the protorF, ., and the neutrorf, .,

and thereby calculate associated ener@igs,, and E, ..«,. Inserting (7.16) for both the up
and down quarks and (8.3) into (7.14) and (7.15pktain:

B perro ZJ.J. XTI R perow O R perrd™

_2J'J'J'd3 ‘//d I,¥q ‘//da ¢’d l//u g, ¢/d0 ‘W, +/|wu oW, ZUJ””% ,(8.4)
m, m, m m m m
=2 ™ .0, w24 (ing o) U, Y uo,, 4+ A yo,, Y ug,, u
(2m)? s (2m)’

B nerro =” XTI e O Fonerro”™

_2J'J'J'd3 ‘//u M ¢’ a” ¢’ wu g,y ‘Zdawwd +4Zd0uv‘//d ‘Zdawwd .(8.5)
m, m m I m
=2 muuu% U, 0,0, u,+ 4 (5ing cod): U0, 4 uo, Ut 48 4o, y ug,, y
(2m)’ ’TZ (2m)’

Next we apply the empirical normalizatitﬁn,awud Uqy0,, Uy :_ulp'w LL_UUUW y,=3 used
after (7.18) to associate the deduced energy diffs¥ E, = E, \.«o — B, perro With the electron
rest mass viam, = E, which results inN,* =-(E,+m,)/2m and N,* =L (E, + m,)/2m,.

So this means that in the mixed teid,’ ——\/ (E,+m)(E+ m)/(2m)(2 ny turns out to

be the normalization which emerges from the squ@oeof the product of these individual quark
normalizations via (8.3), and this in turn meansatththere is a like-normalization

UUO'WUU ud , U, =3 for the mixed term found in (8.3). Applying afi inese normalizations in
(8.4) and (8.5) now leads us to:

E, perro :” PXETIF, perow D Foped” = My 14N me’ (sing cos9)% 4 (8.6)
(ny 7 (2n]

EVNeffO J.J.J. d3 1TrF\/Neff0;1v FV NeﬁOﬂV = rnJ 3 +4 rnj,snh (Sine CO§)% + 4&; ) (87)
(277-)2 T2 (277-)2

3
2

For the special cas8= 77/ 4= 45, we have(siné cod)* = 1/ 2, and these will reduce to:
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B perro :J-H XTI R pero O Forerd” = (23-_[)3 ( my+4y mm+4 nﬂ)' (8.8)
B netro :U XTI e O Fonerra™ = (23-_[)3 ( m,+4, mm+4 rTJ)' (8.9)

These are now identical with (5.1) and (5.2), whibkn led in (5.8) and (5.9) to the
missing mass averagg(AP+AN):8.714 9941 Me\ at the empirical peak in the nuclear

binding curve of Figure 2 and the 99.9710% matchthe *®Fe binding energy and an
understanding of how this relates to quark confieetand nuclear binding and to the toolkit

massesm,, m,, 4 m,m, and the foregoing divided b(/ZIT)%. This then exploded into the
plethora of empirical matches enumerated in sedieniminating in the neutron minus proton
mass difference in (3.2) which was then elevated @ primary relationship and used in
combination with (3.1) to deduce the very precipeand down quark masses (3.3) and (3.4).
And this further led once the Fermi vy and the CKM mixing matrix are brought to bear, to
the proton and neutron masses themselidsn all experimental errors So it is abundantly
clear that (8.8) and (8.9) can be connected tighilly and indeed are the springboard to a whole
wealth of nuclear energy data, and thus are enafliiaccurate relationships to high degrees of
precision. But there is only one problem: to genf (8.6) and (8.7) to the empirically-validated
(8.8) and (8.9) we employe@=7/4=45. But from the definitions (8.1) and (8.2) and the
guark masses (3.3) and (3.4) which are one ofdéhsequences of (8.8) and (8.9), we found that
0 =24.381 777 8°, not 45°. So what do we do?

Wedefinedd in (8.1) in a manner which ensured based on thercuquark masses (3.3)
and (3.4) that it would be equal fo= 24.381 777 8 But as we see from (8.8) and (8.9) and alll
the development in sections 5 and 6, itdis 77/ 4= 45 which in fact matches the empirical
data. So i so-defineddoes not matcthe empirical data, but if we also now know thed tip
and down quark massesdo mix over a circle with a hypotenuse radius

m, =/ m?+ m? =5.386 90110 Me\ and that,/m,m, is in general multiplied by the factor

(sing 0039)% which specializes t¢siné cosﬁ)g = 1/2 for 8=/ 4= 45, then that means that
we need to retain the mass mixing over the ciraté wass radiusm, but change (rotate) the

definition of our angle to match the empirical dafehat is, the empirical data suggests that we
are correct that there is a mixing of the up and@rdmasses via a mixing angle, but are incorrect
about how we defined this angle in (8.1). So wer meed to redefine our angle to match the
empirical data. How?

In addition tod, let us introduce a new angfe defined suchgp=0 when the current
quark masses are (3.3) and (3.4). That is, weeélefe 0 to be the mixing angle associated with

the Q=0 current quark masses (3.3) and (3.4), which we demote bym, (0) and m, (0) to

indicateQ=0. So likewise by implicationg=0 is the associated angle for all of the empirical
data developed and enumerated in sections 3 thi@ugrhen, because (8.2) and (8.3) teach that
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there is a rotation occurring between the up and down quadsses which maintains a
=5.386 9011 Me\ hypotenuse, we shall defigeby way of the mixing relationship:

[:EJE[—C;?; ;ijggg ' (8.10)

As specified, forg=0 this definition producesn, = m, and my, = m, which are also th€=0
guark massesThis now replaces the definition ®in (8.1), which we now withdraw in favor of
(8.10). There is, of course, still a rotation between dguark masses of the exact same form
produced by (8.1), anth, =5.386 9011 Me\ is still maintained as the hypotenuse of rotation.
But we are no longer tied to a térr 0.453 236 693 angl= 24.381 777 8° which is a mismatch

with the empirical data. In fact, as we shall slyoelaborate after some further mathematical
development, it seems that bathand ¢ need to be understood not as fixed angles, but as

variable angles with run with Q i.e., asé(Q) and ¢(Q), which thus help to specify the
behaviors ofill of the empirical data previously developed asmming function ofQ for Q>0.

Now, with the definitions (8.1) and thus the coastt & = 24.381 777 8° no longer in
force, we revert to (8.6) and (8.7) keeping in mihdt & =77/4=45 leads to (8.8) and (8.9)
and many correct empirical matches. So we nowndddi= 77/ 4+ ¢ as the general relationship

betweend and¢ in each of (8.6) and (8.7), which is to say, wey define¢ to be equal t@
less 45 degrees. Via basic trigonometric angle itiadd formulae we find that

sin(n/4+¢)=%(cosp+ sip) and cos(77 /4+¢) = (coso— sip) and therefore that
sing co¥ = si{rr /4 ¢) cor /4(0):%( cOp- ﬁrp). Consequently, we may use

(sing cos9)% :( 1/?)( cosp— sﬁw)% in (8.6) and (8.7) to write:

1 .o \3
B perro :U XTI perow O Fpend™ = 5 )% ( my+4y m, "&(0052 2 S"f(”) +4 rﬂ)' (8.11)

EVNeffO III d3 lTrF\/NeffO;/V I:VNeffO'W - (”L+4\/ n]j(COSZ¢7 Slrf(ﬂ) +4 na) (812)

Nl

(271)

Now the empirically-supported (8.8) and (8.9) arerentransparently visible, and when=0,
these will reduce identically to (8.8) and (8.9),design.

Now that we have simply used a different angletated clockwise by 45° froin the
formulae forE, .., and E, ., to translate (8.6) and (8.7) into the more-transpa(8.11) and

(8.12), we could, if we wish, go back to reintroduihe withdrawn definition (8.1) slightly
differently, by defining yet a third anglke in the form of

m, Sin/p = m, cosy = m, (8.13)
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with the consequence th&tny =m, /m, andy = 24.381 777 8%ompare after (8.3). Thisis a
different angle fromd = 77/ 4+ ¢, and it does specify the empiricat, / m, ratio for theQ=0 up
and down current quark masses. Thus:

rrLr:L+nerh2 = nﬁ;‘] =sin/ cogy (8.14)

now replaces (8.2), and= 24.381 777 8° which is the magnitude previoasgigned t@ from
the initial, now replaced definition (8.1).

Then, to see how thig definition transforms as function & we would transform
m, sin/7 = m, cog7 = m to m,siny' = nj, cogy’ = m and use (8.10) to substitutg,, and n, .
To relate back to the redefined anglave may then also usg=6-/4, apply the angle
difference identities and consolidate. All thiadkes that:

m, sinf = m, cosy = nj sim' = ) cog’
=(m, cosp—m, sing) sim’' =(m cop+ m sim) cop (8.15)
. ~ . L - ,
+((m, - m)sing+( m+ m) cosd)siny’ =+ (( m+ Y sid-( - o) ceb) esy

Therefore, the mass ratio anglé¢ransformsy — 7' with changings andé and so also runs with
Q according to:

‘, _ mycosp+ m sing _ (m, - my)cosf+(m+ m)sind (8.16)

m
ny, mcosp- msng ( g+ mjcosd+( p- Msing

tann = - tang' =

All of the foregoing assignments of the angfes) andn and their interrelationships of these
angles with one another as well as with the quadssasm, and m, and the circle radius

m, =\ m*+ m? and the renormalization ener@y as will be discussed further momentarily,
are illustrated in Figure 3 below:
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Figure 3: First Generation Quark Mass Mixing

Finally, to complete this development so we mawy tflom mathematics to physics, we
may also use (8.10) in (8.11) and (8.12) to repredes transformation of the proton and neutron

energies withQ, EVPeffO(O) — E'\pesro @nd E\/Neﬁo(o) - E'ynerro’

E, perro (0) = —— | my + 4/ m, m (cos - sirf¢)g+4rn)
(2)°
. E'Vpeﬁo=ﬁ(n@+4\/m(co§ p-sirig) +a1i) (®.17)
_ 1 m, (cosp+ 4sinp) + Z\l/mjrn,( cosp— sﬁrp)+( m>- rrf) sip ca&(coszqa— s'nzqa)%
(277)% +m, (4 cosp-sing)
Ey nerro (0) = : 7| M+ 4 ”Ln”a(COSZ(ﬂ- Sinz¢)%+4 na)
(27)'
- E'\ nefto™ (2]_[)% (nt+4V n, rfEj(COS2 Q- Sirfgo)% +4 rfa) .(8.18)
_ 1 m, (cosp— 4sinp) + 4/m, m,( cosp- sﬁ‘;o)+( m’- r[f) sip cq15(cos2¢7— s'nzqo)%
(2”)% +m, (4 cosp+sing)
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Similarly, we may even examine how the electron neassm, = E, in (7.18) a.k.a. (5.3) a.k.a.
the primary relationship (3.1) transformg — ni with ¢. Here, we just use (8.10) in (7.18):

3
(271)

3
(27)

3

(27)

So now we can finally go directly to the relatibips (5.1), (5.2) and (3.1) which were
the springboard for all of the other empirical cections outlined earlier. We start with, and

m, which by definition are theQ =0 quark masses which also by the definition (8.10)
correspond tap=0. So we first ask: what happens when wege0? By (8.10)m, = m, and
m, = m, and so (8.17) through (8.19) immediately reduce to

m,(0) = g(”h‘ m) - m= %( M- )= ( ncosp- sinp) - nf sip+ co$)) (8.19)

I 1
E V Peff0— EVPeﬁOZW(md+4\/ m, mj+4 nﬂ)’ (8-20)
I 1
EVNeff0: EVNeﬁOZW(nL+4\/nLn’&I+4m)’ (8-21)
. 3
m.=m= 3(mj— rra) (8.22)
(272)°

These are the foundational relationships upon whlcbf the empirical connections in sections
5 and 6 are based. But there is still a rotatiorckvean occur through a non-zero anglevhich

first appeared in (8.3) a@ =7/ 4+ @ and in the more general case, e 0 quark masses can
be rotated via (8.10) through a circle with a magsotenusem, , the proton and neutron and

electron energies transform via (8.17) through9qB.and the mass ratio angjetransforms via

(8.16). Now let’s briefly review what we learn o(8.1) through (8.22), and then let's talk
about the broader physics within which all of this.

By noticing that them,m, /( m?+ ny*) term which first emerged in (7.19) is analogous

to a like-termsing, cos4, =g,9, /(ng + gyz) which emerges in electroweak theory once we
specify g,,sing, = g, co®,, = €, we are noticing that there is a similar type afimg occurring
betweenm; and m, via some anglé as there is betweeg, and g, as there is via the
electroweak mixing angl€, in electroweak theory. In (8.3) we see how thigimg enters in

the form of the(siné 0039)% factor. But we see in (8.8) and (8.9) that 77/ 4= 45 is the

specific angle which matches the empirical dataicwltontradicts the definition (8.1) from
which we deduce = 24.381 777 8° from all of the empirical evidenmeeiewed earlier. So
something must give, and in science, empiricaldedion certainly takes precedence over how
we first define an angle which definition can réadie rotated.
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To reconcile both ends of this seeming contradictive separate the appearance of
sindco¥ in (8.6) and (8.7) from its connection (8.2) tcetlquark masses because the
empirically-accurate results differ from (8.6) af@&l7) simply by a rotation in the definition of
the mixing angle against the quark masses. Inrot@ds, we treatsind co¥ as being
independent of its original moorings in (8.2), aakbw it to be redefined so long as the

redefinition takes place somewhere on the circladiusm, =,/m?*+ my* which we now know
exists mathematically. So we retain the rotatiith radius m, which we are tipped off about
per above, and we use a new angle -7/ 4 to define rotations from the observed current
guark masses via (8.10) which then enters (8.1d)(&12) in a fashion that is more transparent
in relation to the empirical nuclear springboar@i8) and (8.9). The originah, m, /( m? + n;f)

which tipped us off to all of this now is redefingd(8.14) in terms of a new= 24.381 777 8°
angle.

But now let us talk about these angles themselbesause there is some interesting
physics here, and because this bring us back ifallecto the start of this paper when we first
asked whether there was some sensible way to d@f@emasses for the up and down current
quarks when the current quarks are confined andasonever be directly observed without
applying aQ>0, and indeed, @ >A,.,. We established how this could be done with the
Electron, Proton and Neutron (EPN) scheme in seejdut have never gotten to the question —
even withQ=0 masses properly established — of how these masigt run as we move up the
Q scale.

When we first defined in (8.1), we were defining a simple ratiand =m, /m, of the

up quark to the down quark masst0. There was nothing in this definition which imigell
us how these masses run wigh But we also saw in (8.3) and especially (8.6 &.7) that
there is some mass mixing going on. And we knoat th the two other known instances of

mass mixing — via the weak mixing angtt, and via the CKM quark and lepton mixing

matrices which are shown in (6.13) — these anglesiaderstood to beinning functions of.
So we should suspect that the artjie (8.6) and (8.7) is a function f as well, and we need to
be alert for ways that this runniggmight enter these equations.

The empirically-driven need to withdraw the defioit (8.1) and replace it with (8.10)
solves two problems at once, because it enablesnifles to be defined in relation to the masses
to match up with the empirical data and at the same it takes advantage of the rotation first

noticed from m,m, /( ny’ + n’) to explicitly start with the EPN-definedn,(0) and m, (0)
quark masses and then rotate themnmfoand m,. So what do these “primed” masses, and the

many other “primed” nuclear energies that are fimnst of these masses, represent? Since there
must be only one uniqu@=0 mass for a quark or an electron or a protonnoneutron or a

nucleus, once we now haveng, and m, which aredifferentfrom m, (0) and m, (0), they can
no longer be th€=0 masses. So all these can be areQhl¥e0 masses, that is, these must be
m,=m(Q andm, =m,( Q. This gives us a way to parameterized wiaow these masses
and indeed all of the empirical data run with thergy scale. This is highlighted especially
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by (8.16) in which we have definedto replace what was the original roleébfight after (8.1)
as the arctangent of the up-to-down mass ratio. sééein (8.16) thaj is a running ratio of the

guark masses, but is not the driving parameteoasirining withQ. Rather, it iS(p(Q) and

6(Q) = 1/ 4+ ¢(Q) which directly drive the running. So the redetfm to match the empirical

data also spawns a running ratio angl@hich runs withQ but is not the underlying parameter
for running, and two angleg and ¢ which are in lockstep with one another differing &
constantz/4 which are the underlying driving parameters tfeg Q-running of everything else.
We do not in this paper seek to ascertain how,igeh; these angle® and¢ run withQ. We
merely wish make clear that it appears likely thaty do.

One other point needs to be noted as well. Thetfat the up and down quark masses
appear to be rotated via (8.10) from what now apgptabe some to-be-determined function of

@(Q) suggests thatm, =,/m’+ m? =5.386 90110 Me\ is an invariant of this rotation, i.e.,

thatm, =m (Q = m(0) atallQ. And we have mentioned on several occasionsignsettion
that m, is the hypotenuse of this rotation, i.e., the uadif the circle of rotation. But we need to

be very careful, because our discussion here igeliinto the first quark generation which
contains the up and down quarks. When we expantiew to the second and third generations

and the CKM mixing of these generations, we muspka mind that the CKM angle@z(Q),

8,(Q), 6,(Q) and phasep(Q) are also expected to run wig) andcan also shift mass from
one generation to anotherSo if we rewritem, by m,, to denote that this is the mass radius /

hypotenuse for the first generation rotation, oheutd consider the prospect that there are two
other m,, and m,, radii for the second and third generation with sopmesently unknown

relationships among all of them. (See, howevetti@® 3 of [6] which discusses the Koide
relationships which provide the best insights knawrdate for how to characterize the inter-
generational empirical fermion masses, and reldtese to matrices displayed here in (5.1) and
(5.2) which are also another way to express (82d)(8.21).) And one should expect thaQas
increases, not only does the angle 24.381 777 8° change, but so too doesrthe radius.

Thus, as among the three generations, we mighsienvihree circles of radin,,, m,, andm,,

such that as the angles, 77, andz, are rotated, so to do the radii shift, and asartevo of the

radii expand, the third one compensates by comigctall in some presently unknown
interrelationship. So these may be less circlan #pirals, which likely converge in some way at
GUT and highe® scales.

9. Conclusion: A Century and a Half after Maxwell, Protons and Neutrons
and other Baryonsare Finally Understood to be Yang-Mills Chromo-
Magnetic M onopoles

What we have detailed in sections 8 and 9 is(tha) for F ., which is obtained as a

direct deductive consequence of the thesis thatobarare the chromo-magnetic monopoles of
Yang-Mills gauge theory, is the theoretical expi@ssvhich provides the “interface” to be able
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to make empirical predictions. One then uses (I7E = [[[4TrF,, F*d°x to be able to

deduce energies, and after a full test calculatising a Gaussiaansatzexplained after (7.15),
and the discovery and interpretation of inter-gaienal mixing between the up and down
current quark masses reviewed in section 8, oneearat (8.20) through (8.22) which form the
basis for the broad range of empirically-accuraationships developed and enumerated in
sections 5 and 6. This is how the theoretical lteszaptured in the monopole-effective, zero-

recursion field strengtlfr; ,, connect to expressions which can be used for érapiralidation

via certain predicted energies driven by the curoprark masses. So in effect, this paper has
now shown the manner in which (7.7) B ,, leads to multiple empirical concurrences with a

range of nuclear energies which have never beewrkrmefore. So now, working backwards,

we come to the final question as to the theoretiogins and foundations fdf.; ,, in (7.7).

The fundamental starting point is to recognizé tha&lassical Yang-Mills theory, there is
inherently a non-vanishing net fIL# F #0 of a “magnetic field” across closed surfaces,irss f
communicated in [5.6] of [1] and thereafter reitedain [3.3] of [10]. This is in contrast to
electrodynamics for whickj':JSF =0 and so there is no net magnetic flux across clssef@ces,

so that while electric fields terminate at an eieatharge, magnetic fields are aterminal closed
loops. As was initially made clear in [2.4] andgRof [10], when expressed in differential
forms, just asddA = 0 in electrodynamics whewk is the vector potential / photon one-form,
DDG = 0 in Yang-Mills theory wheré& is Yang-Mills vector potential one-form which in
chromodynamics becomes associated with the glueldsfi The former is an identity of
differential forms geometry; the latter a Jacobdentity. So formally speaking there are still no
elementarymagnetic monopoles in Yang-Mills theory eitherut Bvhen taken in the integral
formulations of Gauss and Stokes, there is a naomskieng “faux” monopole
P'=-id[G, G =-i[dG G which arises exclusively as a composite object tia non-
commuting nature of Yang-Mills theory which doeg agist in electrodynamics ([10] states that
P'=-idGG; this is an error which will be corrected befordeist paper goes to formal
publication). So when expressed in integral fortmer¢é is also a non-vanishing

ﬂ)F :—iﬂ)[G,G] :—iJ.J.I[dG, G| # 0, and so these magnetic field analagsnet flow across
closed surfaces In electrodynamics everything commutes, so th@lagous expression
(ﬁ)F :—icﬂ>[A, A]:—im.[dA,A]:O, and that is why classical Yang-Mills theory gives

ﬂ) F # 0 while electrodynamics gives L@ F=0.

So if one believes in Maxwell and one believesrang-Mills as correct, empirically-
validated theories of nature, then because thgicdb synthesis inexorably leads to a faux

magnetic charge densit§ =-id[G, G| = i[G, dd # 0 and an associat@ﬁ F # 0 which do not

appear in Maxwell’s theory alone, one must belithat theseP' # 0 and Sf:ﬁF # 0 exhibitsome

manifestation in the physical universeThe only question is how these are manifest.e Th
author’s fundamental thesis is thﬁﬂdG, G] # 0 manifests as baryons am@ F= —i<ﬁ>[G,G]
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manifest as the meson and energy fluxes in anafbaryons, for example, through all of the
nuclear binding and fusion energies reviewed intigecé here. It is the field strength

appearing inSfjﬁF #0 which eventually becomes thEy ,, for which we then calculate

energiesE :”J'%TrFWF”Vd3x for both the proton in (5.1) and neutron in (Sadyl well as the

difference between the two which becomes the @eatest mass in (5.3). And it is from these
energies that the empirical connections elabortenighout this paper ultimately then emerge.

So now the question becomes how to “populate” eéhssn-vanishing faux monopole
entities ﬂ)F :—iﬂ)[G,G]:—i”“dG, G|#0 with quarks and show that they manifest as
baryons. Referring back to section 7 here, whilMaxwell for magneticcharges and b) Yang-
Mills get us to these net-flowing magnetic fiel(ﬁjﬁF # 0, it is a) Maxwell forelectriccharges,

c¢) Dirac theory and d) Dirac-Fermi-Pauli Exclusmhich when deductively combined with a)
magnetic Maxwell and b) Yang-Mills demonstratest thaese entities have the correct color
attributes of baryons and mesons. This was ofiigicammunicated in section 5 of [1]. It was
later elaborated in section 9 of [10] to estab&#ifof the non-linear features of these monopoles
and at the same time show the monopole behaviatiseirabelian limit as discussed following
(7.1) here.

Briefly, while the classical field equations for ¥@&Mills electric charges
*J =D* F =D DG ordinarily express the current densitas a function of the gauge fie@

namely J(G), it is desirable to invert this field equationitstead expresS as a function o8,

i.e., as a functiorG(J). In this way, by what is effectively a mergerhadth of Maxwell’s

classical magnetic and electric field equationsiat single equatiorf*Merged-Maxwell”) one
can then advance the Yang-Mills non-vanishing netonopole fluxes to

cﬁSF :—isﬁﬁ[G(J),G(J)]:—i_m[dG( J, q J)];t 0. But by Dirac, we know that current

densities may in turn be expressed in terms ofitarwavefunctions] (41/) via 37 =gy . So

now <ﬁ> F= —i@[G () ,G(z/l)] = —i.m[dG((//) , G(z/l)] # 0, and the monopole entities contain
fermions. How many fermions? In the abelian Imegaproximation, each faux monopole entity
contains preciselthreefermion eigenstates. At bottom, this emerges fthenfact that the faux
magnetic charge density’ is a differentialthree-form So if this monopole “system” contains
precisely three fermion eigenstates, then by thelusion Principle, we must place these
fermions into three distinct eigenstates. So wethe gauge group SU(3) to enforce exclusion,
and now the only question is what to name thedendieigenstates. So we choose R, G and B,
call this color, and nowthe SU(33 color group of chromodynamics naturally emergesa
corollary to merely combing Merged-Maxwell, YandisjiDirac and the Exclusion Principle
together all at once.The rank-3 of the monopole three form convertsronto the dimension-3

of the chromodynamic gauge group, and SE({8)seen not as a fundamental theory but as a
corollary theory rooted in Merged-Maxwell-Yang-M#HDirac-Exclusion.

Once color is assigned, as first communicated éticge 5 of [1] and thereafter in section
10 of [10], the faux monopole three forRi has theR[J G B color symmetry of a baryon and
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the Tr2iF,,, ((0)), = Trz[G,.G, ]((0)), entity has the color wavefunctioRR +GG + BB of

a meson. And in equation [10.4] of [10] f&t,,, ((0)) where this RR+ GG + BB meson

wavefunction first becomes clear, reproduced eaaieequation (7.1) here (see also [5.6] of [1]),
we also obtain the starting point for connecting tteory to its means of empirical confirmation

by calculating the energiels = J'J'I%TrFW F#d*x. The very same equation which reveals to us

the color wavefunctionRR+ GG + BB for the mesons which flow in and out of baryonsl an
hold together the nuclei, also gives us the bamigjfiantitatively studying the energies which
fuse and bind the nucleons into nuclei. To ses, thist go to (7.7) from which we used

E :_[” d*xiTrF, F* to derive energies which led to the empirical fssin sections 5 and 6,

and look at itsRR + GG + BB color-neutral trace in (7.8). This is the crosst®between theory
and experiment.

The one other important finding which emergeshia process of all this, is that because
of the non-linear features of Yang-Mills gauge ttyeavhen we attempt to expre€s as a

function ofJ we are unable to obtain a simsz(J) except in the abelian limit of Yang-Mills
gauge theory In generalG is a function not only of but also of itself,G(J, G). So if we are
looking for an expressiofs(J) which does not self-feed vi&(J, G), then as first detailed in

section 8 of [10], we need to tre&(J, G) recursively We feedG(J, G) into itself as many

times as we wish — anywhere from zero times tonéiniie number of times — and then cut off
any further feeds by setting a perturbatrio zero. Doing this “zero times” expresses the
abelian limit. On the other hand, self-feeding iafinite number of times is the behavior
ascribed to nature. For human beings and theipatens doing non-linear calculations to some
acceptable level of precision, one would recurfeite number of times, whether 1 or 2 or 5 or
10, etc. and then study those results. So thisrse® approach enables us to as detailed in
section 9 of [10] to describe these baryon monaaleterms of their natural condition with
infinite recursion, and to also take the abeliamtliof zero recursion, as well as to do in-between
calculation and analysis. The empirical connectime have developed here to nuclear binding
energies are all developed from the zero-recurdiimit, and their close concurrence with
empirical data informs us that the observed nudi&ading and fusion energies are expressing
abelian “signals” from the nucleons which need @d*thecoded” as in sections 5 and 6 to teach
us about the “nuclear genome.” On the other hir@lcomplete proton and neutron masses and
the constituent / contributive quark masses digunigs see point 11 in section 6 tell us about all
of the non-abelian “noise” which then overlays upihiese abelian signals in the infinite
recursion limit to exhibit the observed propertiésucleons as complete nucleons.

It will be appreciated that all of the foregoingkes use only of thelassical Yang-Mills
theory We have not yet discussed or resortedjuantumYang-Mills theory. But because
Merged-Maxwell-Yang-Mills-Dirac-Exclusion implies U§3)c, this means we have not yet
resorted to QCD but only to classical chromodynamicSo while one might approach the
empirical questions we have laid out in sectionsnfl 6 here under the assumption that they
cannot be explained except by a quantum field thethve results here reveal this — perhaps
surprisingly — to be a false assumption. All & #mpirical results enumerated in sections 5 and
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6 are based odassical notquantumYang-Mills theory. But when we finally do wish sbudy
guantum Yang-Mills theory which via Merged-Maxwell-Yang-NM§-Dirac-Exclusion means
guantum chromodynamics, the recursion just discussanindispensableelement. For, when
we finally bring Feynman-path integration into thmx as laid out in point €) near the start of
section 7, we run into the long-standmg@thematical problerof how to analytically and exactly
calculate a path integral for a non-linear cladsiedd theory, which in the context of scalar

fields is the so-calleg* problem. As demonstrated in section 11 of [18 tecursion is the

precise aspect of Yang-Mills theory which enablgs$aufinally solve this important problem and
perform an analytically exact path integration toye the existence of a non-trivial quantum
Yang—Mills theory on Rfor any simple gauge group G, see [24] page 6.

Once this is achieved, it is possible to obtaingbantum field equations of Yang-Mills
QCD which are [13.21] of [10] and thereafter toiderthe running QCD curve of Figure 1
within all experimental errors, see section 18 esplkecially Figure 14 of [10]. So in the simplest
terms, QCD may now be thought of as no more ankks®than Merged-Maxwell-Yang-Mills-
Dirac-Exclusion-Feynman, where it is Feynman vithpategration that finally takes a classical
chromodynamic theory which properly explains a widage of nuclear energy data including
confinement when expressed in terms of nucleargeg®ias in point 1 of section 5, over to a
guantum QCD theory which explains the running Q@bve which is the fundamental quantum
evidence of confinement. All of this combines to\pde clear evidence that the non-vanishing

flows ﬂ)F #0 of chromo-magnetic fields across closed spatidlasas in Yang-Mills gauge

theory are in fact synonymous with the existencbarons, including the protons and neutrons
from which all of the atomic nuclei are constructed

During the century and a half since Maxwell ancg¥iside first taught that there are no
magnetic monopoles in electrodynamics these moespbhve been an endless source of
fascination for physicists wondering whether thé&ure world contains magnetic monopoles in
some form, and if so, what form those monopoleshinigke. At the same time, although
Rutherford and Chadwick established the existericeratons and neutrons almost a century
ago, and while protons and neutrons and their dihgron cousins have been well-characterized
since, there remains to date no convindimgoreticalexplanation ofwhat a baryon actually is
beyond it being some confining bound state of tlopesrks teeming with gluons and highly-non-
linear quantum interactions. To this very datepiRaimmortal quip, “who ordered that?”
remains an unanswered question for protons andareut

The answer to Rabi’s question is that the protors reeutrons and other baryons were
ordered by a deductive synthesis of Merged-Maxwalhg-Mills-Dirac-Exclusion-Feynman,
with the exclusion principle being the combinedosdffof Fermi-Dirac-Pauli. The cast of
characters who placed this order, and the highiyeseand thoroughly-validated nature of the
theories which they used to do so, make clearttigahuthor’s thesis that baryons are Yang-Mills
chromo-magnetic monopoles is a highly conservatiesis, grounded in a synthesis of some of
the most fundamental, widely-accepted and extelystested scientific theories. To believe and
accept this thesis requires nothing more than iefablat all of these theories are correct, and a
belief that when the power of mathematics is cdlyeapplied to combine input component
theories which themselves are also correct, theltre$ that mathematical synthesis will be
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equally correct. The empirical proof enumerateds@ation 6 appears to firmly validate this
belief.

So it is with great irony that when future generasi look back on the century and a half
from Maxwell’s time to the present time during wihiscientists passionately pursued magnetic
monopoles, they may chuckle in irony over the thetse monopoles in Yang-Mills form were
mocking our efforts and hiding in plain sight dibrag, as the protons and neutrons at the heart of
the material universe.
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