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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 quasses with commensurately high precision
from the tightly-known Q=0 empirical electron massd the neutron minus proton mass
difference. This is then used as a springboardldsely fit a wide range of empirical nuclear
binding and fusion energy data and to obtain thet@n and neutron masses themselves within
all experimental errors. This paper systematicaiylls all of this together and a) establishes
that this way of defining current quark masses ttrss a valid measurement scheme, b) lays
out the empirical support for this theory via obsst 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 uncovers dngibetween the up and down current quark
masses, and d) presents clearly how and why therlymay theory is very conservative, being
no more and no less than a deductive mathematycdhssis of Maxwell's classical theory with
both the electric and magnetic field equations radronto one, Yang-Mills gauge theory, Dirac
fermion theory, the Fermi-Dirac-Pauli Exclusion Reciple, and to get from classical
chromodynamics to QCD, Feynman path integration.
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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 dovuaudg

and almost 50% for the up quark, “in a mass-inddpah subtraction scheme such S
[modified minimal subtraction] at a scaje=2GeV.” [8] (Here we shall us® rather than..)

In other words, the PDG values are extracted fyivan renormalization scaf@ and are actually

a function of this scale and of the renormalizasocheme. So although thasg= 2.223 792 40
MeV andmy = 4.906 470 34 MeV found by the author are wedleeld near the center of these
PDG error bars, the claimed precision raises thestipn: can we really talk about and
understand these quark masses with such high fedis a fashion which isndependenbf
renormalization scale and scheme? More plainly igsuthere some sensible way to make the
simple declarative statement that “@Qe0 up and down quark masses are X and Y,” with & an
Y being some mass-energy numbers which have aeregly small error bar due to nothing
other than the accuracy of our measuring equipméntPere a sensible, definite, unambiguous,
very precise scheme we can use to define the ¢ugueark masses, consistent with empirical
data, which scheme is renormalization scale-indeget?

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 preaisilose to a billion times as tight as the
PDG error bars, even rhathematicallycorrect in relation to the nuclear energies withick
these quark masses are then interrelated, presippasnderstanding of how these quark masses
are to bephysicallydefined and measured. Without such an understgnthe author’s prior
work is incomplete, and to date, the author has dicgctly and plainly articulated this
understanding.

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
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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 theéwuclear scattering schemes
presently used to establish quark masses, whiclaladeased on renormalization-dependent,
energy scale-dependent experiments involving soagteof nucleons 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 areatefatQ=0 directly in terms of the
empirical Q=0 electron, proton and neutron (EPN) masses yr¢h# electron mass and the
neutron minus proton mass difference) via two “@iynrelationships” (3.1) and (3.2) infra, and
thereafter enjoy very accurate relationships withuanber of light nuclide binding and fusion
energies and related defects in nuclear weighitghig “EPN scheme” which is supported by the
observed mass defects, the up and down currenk guasses are defined by and seen to be
related to objective, very precise, experimentpaigent, scale-independent, long-known
energy numbers that have been experimentally foamdl catalogued for the nuclear mass
defects, weights, binding energies, and fusiossidin 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#bere of the target prior to bombardment.
In contrast, nuclear mass defects require no basniemt of anything. They are no more and no
less than an experiment-invariant expression ofeamoveights and of the energies which are
missing from the nuclide weights against if oneevier simply add up the weights of a nuclide’s
protons and neutrons when seen in a free statethisncontext, the prevailing scheme for
characterizing quark masses has wide error ba@ubedt is based on “bombing” nucleons and
nuclei and so yields results which depend on tlexip bombing runs carried out, while the
scheme to be elaborated here has very high predi®oause it is a “weighing” scheme which
uses only nucleon weights and the free electrorsrasefine the current quark masses and so
inherits the precision with which these weights lanewn and also inherits the benefit of not
being experiment-dependent. So the scheme to tlmilated here has very tight error bars
because it is based on non-intrusive nuclear “wegjhrather than highly-intrusive nuclear
“bombing,” and because nuclear weights themselves/ery precisely known and do not vary
by experiment while scattering experiments intreduenormalization and scale issues which
make it difficult to establish an approach for spaeg the masses of confined quarks with the
same precision as the masses of free particlesordBeeviewing this problem more deeply in
section 2, let us briefly summarize the remaindehis paper.

In section 3 we introduce two “primary relationstiipemerging from the underlying
theory that protons and neutrons and other bargwasthe chromo-magnetic monopoles of
Yang-Mills gauge theory, through which the currqoairk 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 dhfa¢e quark can never be directly measured
in the Q>0 limit, is this a valid measurement scheme foinilef) current quark masses?; 2) if
this is a valid measurement scheme, is there téeaondary” support from other empirical data
beyond the EPN masses, such as from nuclear weightbinding energies? and 3) is the theory
that protons and neutrons and other baryons arehfteno-magnetic monopoles of Yang-Mills
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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 relationgf3j2). Section 6 reviews the evidence that the
primary relationships obtained from this theoryrgarprecise secondary empirical support from
a broad range of nuclear mass / energy data. elmetmainder of the paper we answer the third
guestion. Sections 7 and 8 review the interfacevdsen the underlying theory and its empirical
validation with a degree of specificity not prevsbu presented, and in section 8 this includes
uncovering a form of mixing between the up and dawrrent quark masses which does not
appear to have previously been found. Sectiom®aaus a very concise review of how one gets
to from the underlying theory to the theoreticalesof the theoretical-to-empirical interface, and
makes clear how this is not a new theory, but isew yet fully-deductive and inexorable
synthesis of Maxwell (both the magnetic and eleatharge field equations), Yang-Mills, and
Dirac theories, the Exclusion Principle for fermspmand to cross over from the classical to the
guantum field theory, Feynman path integration. f80 someone with requisite scientific
skepticism to believe and accept that protons adrons and other baryons are Yang-Mills
chromo-magnetic monopoles requires no more aneés® from than the belief that all of these
component theories are correct, the belief thatwhathematics is correctly applied to combine
input component theories which themselves are cothe result of that mathematical synthesis
will be equally correct, and the belief that whére tresults of such a synthesis also find
widespread empirical validation, the entire entiegmust be earnestly regarded.

We conclude by observing that what all this meassthat the magnetic monopoles
which have been pursued ever since the time of d&terk Maxwell are in fact hiding in plain
sight, in Yang-Mills form, as the protons and nens and other baryons at the heart of our
material universe.

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 quark mass definition posethénintroduction. Maxwell’s electrodynamics
when extended into non-abelian domains by YangsWjhuge theories and when SU(B) the
particular Yang-Mills group chosen for consideratits the template that one customarily uses
to study strong chromodynamic interactions. Ane ¢hectron which is an elementary spin %2
fermion subsisting in a U(dy) singlet following electroweak SU(@)x U(1) symmetry breaking
and which is observed adrae fermion, is the template best used to draw a asthtwith quarks
which also have spin Y2, which are also regardetblasnentary” — at least to the same degree
and in the same manner as electrons are elementarywhich form an SU(3)color triplet and
most importantly are not free but arenfinedwithin nucleons.

6
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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 flgwoesbi-colored(e.g., RG) gluons,
all confined within a baryon. Meanwhileuclear physicds used to describeolor-neutral
baryons such as the proton and neutron baryon rBawehich are free hadrons with a
wavefunctionR G B= RGB+ GBR+ BRG- RBG BGR GR that isantisymmetriaunder
color interchange. And the nuclear interactionsheke baryons are mediated g@or-neutral

mesons with a wavefunctioRR+GG+BB that issymmetricunder color interchange and which
have short range but are also free hadrons angbanfined, such as the pion-flavored mesons
originally predicted by Yukawa [9]. Although thdementary particle physics of confined
colored quarks and bi-colored gluons and the nuglkgsics of free antisymmetric color-neutral
baryons and symmetric color-neutral mesons are diit@ped together as one discipline in loose
discourse, they are in fact distinct disciplinesl¢ped via so-called hadronic physics in a fashion
that to this date is still not fully understoodn inany ways understanding baryons as the
chromo-magnetic monopoles of Yang-Mills theory sgthens the understanding of this
hadronic bridge between elementary chromodynamiticfe physics and nuclear physics to
advance unification among all of these physicsiplises by showing how the masses of quarks
which are elementary and colored and confined @ierrelated with the masses and binding
energies of nucleons and nuclei which are not eiang and are color-neutral and are free.

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 wavefunctiorROGOB=R[G,H+ d BR+ B R, which is
antisymmetriaundercolor interchangewhile magnetic monopole¢ F,, +0 F _ +0,F_, where

o uv u'vo v ou

the strength tensof,, = -F,, is antisymmetric whether abelian or non-abeliaveha spacetime
index symmetryo OuOv =0 u,v]+ulv,o]+v[o,u] which is analogouslyantisymmetric

underspacetime index interchangdn the former case there are three colors anthanlatter
three spacetime indexes, and in both cases thechiatege symmetry is antisymmetric in
identical fashion. The physically-meaningful lifdetween these alike color and spacetime
symmetries which demonstrates that baryamns 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] throufk tpplication of the Fermi-Dirac-Pauli
Exclusion Principle, and will be reviewed in sent@®here. What happens specifically is that the
rank-3 of the differential three-form far F _+0 F_+0 F_, is converted into the dimension-3

o' u U vo v ou
for the chromodynamics gauge group SU(@f strong interactions and the three colors ofrkjua
within each monopole / baryons are then naturattgrgent rather than having to be postulated.

Now, when we talk about the electromagnetic irtigoa, we can readily state that the
dimensionless “running” coupling of this interacticec measured to be the rather precigg, =
e’/ 4mhc = 1/137.035 999 074 for low probe energies, wheiethe electric charge strength,
and specifically, that this “fine structure” numhksrthehorizontallyasymptoticvalue ofoem as
the renormalization scal®@ — 0 with Q plotted horizontally on the domain axis and thecfion

7
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aen(Q) plotted vertically on the range axis. We alsowrthat as the renormalization scgles
increased, so too is the strength of this intepactivhich in quantum field theory is an important
distinguishing feature between an abelian intepac&nd a non-abelian interaction. So for
example, wherQ = M,,, we also have the somewhat larges = 1/128. [3]

Likewise, when we talk about the mass of the ebectwe can state that. = 0.510 998
928 = 0.000 000 011 MeV, [11] which expresses atmeexely high measurement precision
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 unaeygdtimplicitly, 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 natwaitld
obliges us by providing a running electromagnetiamging and a running electron mass which
are in fact horizontally-asymptotic in th@ — 0 limit, and an electron which is free and so can

be observed 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 etedo 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 horizordalhyaptotic values as the renormalization
scaleQ - 0?

The answer is evident from the very asking of thigestion: we cannot establish a
definition for the quark charges and masses simdathat used for the electron charges and
massegprecisely because quarks are confined and not fl@aarks are not free particles in the
same manner as electrons. They are only asymaltgticee [12] deep inside a nucleon from
which they can never be individually removed. Quen Electrodynamics (QED) is abelian
while QCD is non-abelian, so the running couplingves are flipped in their qualitative features
over theQ domain axis. In QCD the running coupliag and quark masseas, approach a
horizontal asymptote, not a® - 0, but asQ - «, or at least a® reaches some very large
energy associated with the horizontal asymptogedom observed deep inside a nucleon via
deep inelastic scattering (DIS). So notwithstagdiheir similarities because they are both
rooted in Maxwell’s electrodynamics, the confinimgture of SU(3) as a non-abelian interaction
is what makes strong interactiomgalitativelydifferentfrom U(1)m electromagnetic interactions
which are abelian. And notwithstanding the siniiles of quarks to electrons as spin %
fermions which are equally-elementary, the confiaetmof quarks within nucleons is what
makes thengualitativelydifferentfrom free electrons (and leptons generally).

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

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

8
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dimensioned domain value ofweertical asymptoteapproached by the dimensionless function
a, (Q) atQ =/Ayp from right-to-left along theQ > A, domain. For example, for a six-flavor

qguark model in theMS scheme, as laid out in [9.244a] of [13] and thenaisged 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 Hweizontal asymptote appears in the lafye-
rather than theQ - 0 domain and so is qualitatively flipped. Via thengersion constant

hc=.197 326 9718GeVfr [3] which in natural unitsz=c=1 may be rewritten as
1GeV=5.067 730939 fm one is able to deduce using the median valyg, =.0906 GeV
that Ay, =.0906 GeV= .0908 5.0677 frh= .4591ff= (1/ 2.1780). So in the six-flavor
quark model the deBroglie length associated wihtartical asymptote of confinement/ag,.,

is 1y, =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) i
o e'e jets & shapes (res. NNLO)
® 7 pole fit (N3LO)
v pp—> jets (NLO)
0.2}
0.1}
= QCD ox(M,) = 0.1185 + 0.0006
1 100 1000

1 Q[Gev]

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

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

Figure 1, it makes no sense to talk about the ngwof 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-kenergy
Q <Ay, domain we are no longer observisgong interactions between quarksnfined

9
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within a nucleon with a strength measureddyy Rather, we are observimgiclear interactions

between nucleonsFurther, these nuclear interactions are obsetvdthve a very short range
and with a strength exponentially diminishing toeé&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 becaus#aqms and neutrons a.k.a. nucleons within the
same nucleus become situated far enough apartl@s beyond the range at which the nuclear
force can hold them in the nucleus. So in cohtiashestronginteraction between quarks in

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 gluons, and

the nuclear physics of nucleons and the assembiésof known as nuclei as well as mesons —
collectively, hadrons. That is the boundary sougtide 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 asyneptmit QED asQ - 0 is flipped to the
horizontal asymptote of asymptotic freedom @rs> A, and the “low energy” domain is

bounded on the left by eertical asymptote aQ =A,.,. The Q20 limit for os 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&e coupling strength & =0 rather than a

finite coupling like the meaningfuben, = 1/137.035 999 074 found in electrodynamics.
Therefore, instead of characterizing the strongratdtion strength starting withdamensionless
range value of a,=0 at Q=0 like we useaem = 1/137.035 999 074 for QED, we define the

strong interaction via the transmutecergy-dimensioned domagparameter ., at which there
is a vertical asymptote toward whiah, — « from right to left as in Figure 1. And then for
Q>Aycp a, depends very definitively on the energy sd@land in addition it depends on the
specific renormalization scheme used to absorlhitjieer-order perturbative divergences.

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

guark QCD serves the exact same role for QCD as tteedimensionless range numhgy, =
1/137.035 999 074 for QED in establishing the letdomain of the running couplingsand
oem For QED, the “fine structure” number 1/137.03899074 tells us the dimensionless
magnitude ofaem as Q — 0 for which nature obliges us because the runningplog for an

abelian interaction actually does approach a hotedcasymptote a®) -~ 0. But nature does
not similarly oblige us for a non-abelian interaatisuch as QCD. In QCD, at the low-energy

10
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boundary of the meaningful domain, for six quarkere is a vertical asymptote for which
a, -« at Ay, =.0906 GeV and as has no meaning fo0<Q <A, because that is the
domain of nuclear interactions between baryonsstrong interactions between quarks. So we
are compelled to use the energy dimensioned nui@en ., =.0906 GeV to tell us theQ at

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

meaningful limit for six-quark QCD iR - Ay, =.0906 GeV becausea, - « in this limit.

The Q - 0 limit still does have meaning, but not fsirong interactionsbetween and among

guarks It has meaning fonuclear interactiondetween and amongaryons although at this
limit there is no nuclear interaction because & #xponential attenuation of the nuclear
interaction strength.

Now we have laid out sufficient background to retto the problem of whether, and if
so, how it is possible within a consistent meas@m@nscheme to define the up, down and other
current quark masses in tlg@>0 limit with a precision commensurate to that fhe tfree-
particleQ—>0 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 huakasymptote atem = 1/137.035 999 in
this limit and because electrons are free partialeieh 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 =Ny =-0906 GeV at whicha, - « and quarks are confined. Plainly put: it is imgpbke

to take a quark) out of a baryon and measure its magsn the Q - 0 limit in the same way
that we would measure an electron mass. Thusy tio tdefine current quark masses based on
their measured values,, (Q:O) would appear to make no sense because this issunenent
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 seemingly naver be experimentally validated.

But as we do for free electronsig 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 aiuth = 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
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m, (Q=0) not directly, butndirectly by inferencefrom the direct measurements iff; (Q =0)

which are well known with high precision, and wtesththis high precision might then be
inherited by the indirectly-defineth, (Q=0).

As we shall now start to explore this is indeedsgas 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. Ma@g once we have defined the up and down
current quark masses based iodirect inference from nuclear weightather than direct
inference from deep nuclear scattering it beconaossiple with high precision to use these quark
masses to also explain the empirical binding enenyy 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 [16&t protons and neutrons and other baryons
are the chromo-magnetic monopoles of Yang-Millsggatheory.

In previous work by the author [2] the up and dayuark masses are indirectly inferred
from the Q =0 electron mass and from tl@ =0 neutron minus proton mass difference using
the following two relationships which for now wgimply be stated and which we shall later
explain and support in sections 7 and 8 basedeth#sis that baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory. First, aiafly found in [11.23] of [1], thedifference
between the up and down current quark massesatedeio the electron rest mass according to:

27r%
md_”L:—( )

3 M (3.1)

Second, as initially found in [A15] and [7.2] anelcion 10 of [2], thedifferencebetween the
neutron and proton masses is related to the uplamt 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:

M, —M :m—me——z AL L Bl M (3.2)
VT () (2r)

We shall regard (3.1) and (3.2) above toelactrelationships not only & = 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 matiyer relationships — most very close to
empirical data albeit still approximate beyond®1® 10’ AMU — intended to contradict or
validate our treatment of (3.1) and (3.2) as eXaahvariant relationships. For these reasons,
simply to provide a shorthand for discourse we Idmahceforth refer to (3.1) and (3.2) above as
the “primary mass relationships” among the up amrdcurrent quark masses, and the electron,
proton and neutron masses. It will be apprecidtedausem, in (3.1) is known with very high

precision and becausé , - M, in (3.2) is known with similarly high precisiorhét when we
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take (3.1) and (3.2) together, and if we do redhese as exa€-invariant relationships as just
discussed, that we can combine these to dedugceand m, with commensurately-high

precision.

This calculation is performed in section 10 of [&ing the median empirical values
m, =0.000548579909 [11], M, =1.008664 9160 and M, =1.007 276 466 8 [7] which

all have been experimentally measured to ten orenddgits of precision in AMU. So using
these values in (3.1) and (3.2) above leads ugdoick in [10.3] and [10.4] of [2] to the same
ten-digit precision as the proton and neutron nsat:

m, =0.002 387 339 & = 2.223 792 40M ¥, (3.3)
m, = 0.005 267 312 & = 4.906 470 34V ¢ . (3.4)

As noted in the introduction, the median electramssto the same precision level in MeVfhis
= 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 empiricai, = 2.3 MeV and m, =4.895MeV [8]. So we at

least know that there iso direct empirical contradictioo 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 neecdtexplored which will occupy the balance of
the development in this paper:

1) Legitimate, Unambiguous Measurement Scheme?w@amake such a precise statement
about the masses of the up and down quarks, gillenwide PDG error bars, = 2.37! MeV

and m, = 4.875MeV; that these error bars reflect that quark massethaught to be dependent
upon the renormalization scheme and the renornt@izacaleQ; that quarks are confined and
so can never have the@) =0 masseslirectly measured in the same way we are able to measure
the Q =0 electron or proton or neutron masses; and thaome domain within which it even
starts to make sense to talk about directly meagua quark mass is the domain where
Q=Ayp? Indeed, these wide error bars emerge because dommonly perceived that

Q= Ay Is the only domain in which it makes sense to &lut current quark masses and

because as seen in Figure 1, measurement in thnaide- invariably via scattering experiments
at variousQ-depths — is so highly-dependent upon the sQaénd the renormalization scheme
we use. In short, can we use (3.3) and (3.4) esige statements about te=0 up and down

guark masses, in view of all these issues reviawsdction 2 and just summarized?

2) Clear Secondary Empirical Support?: If we cagitimately assert (3.3) and (3.4) to be
the Q=0 up and down current quark masses by overcomingnieasurement” challenges of
point 1 and section 2 above, are (3.3) and (3.gpsued by empirical 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 thetsasyk 2.223 792 40 MeV anay = 4.906
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470 34 MeV certainly are not contradicted by PD@is=2.37!MeV and m, =4.8%5MeV;

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) &d),(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 @0 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 9am® quark masses. In other words, if (3.3) and

(3.4) are legitimately-defined =0 quark masses then these masses will always b the

quark masses whether these quarks are in a fregenpave neutron or, for example, are in a
proton or neutron inside of an alpha partiid€ 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 nuclsplely

as a function of these two quark masses. This igggvample latitude for empirical
contradiction. But at the same time if a substdmiumber of nuclides can indeed have their
nuclear data parameterized using secondary resdtips based exclusively on the two masses
(3.3) and (3.4), this would provide good empirisapport for these results.

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

secondary support for these mass values from alanway of empirical nuclear data then we get
to the third question: what is the overarching tlgedoes that theory make sense within the
overall framework of theoretical physics, and wigthe interface by which we connect the
theory to the means by which it can be empiricidbted? As stated, the overarching theory first
laid out in [1] and further developed and refined1i0] asserts thdtaryons are the color-neutral
chromo-magnetic monopoles of non-Abelian Yang-Midlage theory and that mesons are the
non-vanishing magnetic field quanta which net flowoss closed surfaces of these monopoles
It is from this theory that the primary mass raaships (3.1) and (3.2) were initially discerned,
and upon which théH, *H, *He and*He [2] and®Li, 'Li, ‘Be, ®Be, '°B, °Be, Be, 'B, *'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 relationshgsaf least parts per hundred thousand AMU in
all cases. And it is from this theory, once thenfievev ve=246.219651 GeV and the Cabibbo,
Kobayashi and Maskawa (CKM) mixing matrix are admmitted as parameters alongside of
these two quark masses, thia¢ proton and neutron masses themselves can lgeekglained
within all known experimental errorgd6]

So for the balance of this paper, we shall addzask of these three questions in turn.
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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 meadetH

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 observeat 90 MeV and higher — mass, coupling, spin, etc. —
will by definitionnot be theQ =0 attributes of the quark. This is the measurenpeablem

which leads to the large error bang, =2.37/MeV and m, = 4.875MeVwherein the quark

masses are dependent upon the chosen measureimemiesand once a scheme is chosen, upon
the choice ofQ, given thatQ =0 quark attributes appear to not be measurable becguarks
are confined, not free, particles. So it is supplothat we cannadefinea Q = 0 quark mass
because we can newdirectly measureaQ = 0 quark mass. This same problem may well be the
root of the “proton spin crisis” as well. [14]

But in (3.1) and (3.2) we have chosen a measuresutieme by which the up and down
quark 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 albeiteaetiffscheme from the usual. The question
here is whether this different scheme Iegitimate and unambiguouseasurement scheme.

As already noted in the introduction, any timet the do an experiment for whio >0
we are necessarily doing a scattering experimemichwis to say we are bombarding a target in
some fashion and discerning information about #mget 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 experimerthwQ >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 wheruges several differen® at several different
times we have to prepare for the possibility thaatwe 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 thee PDG error bars. As said in section 1,
such an experiment entails “bombing” the target‘n@tighing” the target.

Conversely, merely taking the weight of a bodyhis quintessentiaQ =0 experiment

whether that body is a person or a baseball, celectron, proton or neutronSubject to the
caveat in the next paragrapke 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, =0.000 548 579 909, period.
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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 Himuénormalization scal@ other than to
understand that by definition we are usiQg- 0, which we can do because the particles we are
measuring are free. Of course we have the optiareiwish to study how these masses may
vary from theirQ =0 values for variou$Q # 0. But Q =0 does provide a uniqueness which is

not provided by any othe®, with the possible exception d =A,., =.0906 GeV which

happens to coincide with the confining = and so presents other measurement challenges
because it is a divergent and highly non-pertuvieategion of th&) 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 éxets used to establish these masses
themselves do have soni@# 0 scattering aspect, if for no other reason thaarigbe cannot
even be detected unless something else, such as gbatons, interacts with that particle.
However, the electron, proton and neutron arera# particles unlike quarks, atfteir masses
approach asymptotic values § - 0. So by doing enough experiments on these fretec|esr
— even with some impact — it is possible to dedinee asymptote that is approached by the
masses of each of these particles. Therefore,ptkeision with which the experimental
community has succeeded taking such asymptotic uneaent is effectively expressed by the
mass values and associated experimental errors.foM, and M givenin [11] and [7]. The
same can also be said for measurements of the snasemposite nuclides, such 4$, °H,
*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 — albeiterttir— must also be regarded as @e 0
“weights” of these two quarks. This is a differeasheme from the minimal subtraction schemes
which are usually employed to specify quark massekother 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 — hypothetically — to establisbme unspecified pair of vali@-invariant relations
which express the up and down quark masses inamléd the electron mass and the neutron
minus proton mass difference such that these tveokgonasses wengniquely fixedonce these
other two numbers were fixed. Then by employing =0 values of the electron and the

neutron minus proton mass difference we would resrédyg be deducing th® =0 values of the

up and down quark masses and we would have anegéi measurement scheme. The point
here is that this “weighing, not bombing” schemaas wedded to the specifics of (3.1) and (3.2)
but rather to the question whethamy 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 tQe=0 quark masses.
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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 domainif such relationships exist and can be found andeaempirically confirmed by
all of the other empirical data they affect. Se thal question becomadether there do in fact
exist some valid relations nature by which the up and down quark massasbeauniquely
deduced from the electron, proton and neutron nsggseany other free particl® =0 masses),

and if so, what those relationships are and wheéth&j and (3.2) are in fact those relationships.

We may also approach this same question by cootrai To argue that a scheme in
which Q=0 up and down current quark masses are defined) seQ=0 electron, proton and
neutron (EPN) masses or any other free particlesesasinvalid in principleone would have to
argue that there are not and cannot exist in naamg Q-invariant relationships whatsoever
relating these up and down current quark massabetdEPN or other free particle masses.
Current quark masses, one would have to argaenotbear any precise relationships to free
particle masses because the former are confinedtrendatter are not. Strong and nuclear
interactionscannotbe unified, one would have to argue, becausedhedr is about confined
guarks and the latter is about free nucleons antenuThe current masses of the quarks inside a
proton or neutron cannot bear any precise relatipnso the proton or neutron masses
themselves, or to the mass of an electron in tig s@me atom, one must argue. The logical
culmination would have to be a “never the twainllsimeet” argument that one cannot — even in
principle — have relationships like (3.1) and (3a2lywhere in nuclear and strong interaction
physics. For, if suclQ-invariant relationships were to be found, then uke of theQ=0 EPN
masses in these relationships would necessarilg the Q=0 up and down masses. This should
make clear thaso long as valid relationships in the nature ofLj3and (3.2) are possible and
there appears no basis for stating that they apossible — then a weight-based rather than
scattering-based measurement scheme such as EFN bewalid, albeit different. The only
guestion then left is whether (3.1) and (3.2) adeed the actual relationships among the up and
down masses and the EPN masses. That becomespaicaihguestion about how well these
relationships and other related relationships matioberved data, and a theoretical question
about the basis upon which those relationshipsested.

If it should turn out that (3.1) and (3.2) areigddD-invariant relationships, then (3.3) and
(3.4) are indeed th€ =0 masses of the up and down quarks and a measurecteshe for

defining these quark masses in this way is pesfdetjitimate. Further, by having these two
mass values (3.3) and (3.4) we would now know therlgmasses with a precision thatlisse

to a billion times more precisan what we learn frorm, = 2.3 MeV and m, = 4.8%3 MeV
based theMS scheme.

It is the foregoing elaboration of how the quarkssesm, = 0.002 387 339 3 and
m, =0.005 267 31251 can belegitimately definedfrom the electron, proton and neutron

masses with a precision vastly exceeding the PDi& loiased orMS, which was absent from
the author’s prior work. The forgoing discussidrogld remedy this deficiency. And it should
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also be very clear that a second mass-definitibrerse which allows the quark masses to be
defined close to a billion times more accuratebntl first scheme is manifestly preferable to the
first scheme, so long as that second scheme ishigagus, uncontradicted by 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 measutesoeame 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 dermg( Q) and m, (Q), or vice versa. In this way
the EPN scheme provides a consistent and unamtsduasis 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 for then interrelgtithem in aQ-invariant manner a® runs to
higher energies. And it avoids the pitfalls andbajuities of having to define quark masses

based on scattering probes inside the nucleonshwiecessarily 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 PDG’s m, =2.3%/MeV and m, =4.875MeV provides preliminary credence for these

masses by failing to invalidate these masses. tidsitis a starting point not an endpoint. Now
we arrive at the second question posed in sectiomh®ther the quark masses (3.3) and (3.4)
have clear secondary empirical support from othetear data. As we shall now review in the
next two sections, this empirical support is abumda

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

In section 3, we simply stated the primary masatiaiships (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. For the moment, let us just lay
out some general physics background which we atiéirlapply in section 7.

It is well-known thatT* =8*p(0£/9(d,¢)) - g* £ is the canonical energy-momentum
tensor for a given fields with associated Lagrangian densify If we require the spatially-
integrated Lagrangiari.zj”ﬁid"’x to be stationary under small field variations thetre

0“9(0£/0(9,9)) term can be neglected and this becomés=~g* ¢ . So in flat spacetime
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with g%° =1 we haveT® =-¢. Therefore the total enerdyof the system associated with
will be E = _[_UTOOd3x: —”.[,%3 o x= - L, and more simplyE = -L.

Now, in abelian electrodynamics the Lagrangian tgrassociated with a pure gauge
field F* is given by =-%+F F* and soE=-L= —jﬂsd3x: J]:H 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 Hermitian generatord' with i =1..N?-1 forming a closed group and commuting
according to [Ai,)lj]:if”k/]", conventionally normalized tolrA'>=4.  Each of these
generator matrices has rank 2 with IdRN dimensionality so to be fully explicit we must
represent these Hermitian matrices by, with A, B=1...N. So in reality the field strength
F, is a shorthand forF,, ; =A' oF' consists 0ofN* -1
individual 4x4 field strength tensors and the “matorm” F ., is anNxN internal symmetry
matrix of 4x4 field strength tensors. The pureggatield Lagrangian density represented in the

matrix form is nOV\E:—%Tr(FWF””) with the doubling of the coefficient owing to the

where the “adjoint form"F',

v

generator normalization and the trace arising bsezawe need to obtain a scalar number from the
internal symmetry matrices. So the energy for fhere Yang-Mills gauge field is

E=|[[4TrF, F*dx.

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

trace, namely,£ :—%Tr(FWF‘”) =—3F.,xF" e Thatis, the trace is formed first by taking
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, tmmer 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 producterasc
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,, ,sF* 5, 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 YMdiiy 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
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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. We represent a (udd) neutron by an analogousgrasent

R-u;G- d;B- d. This is all detailed in sections 7 and 8 of &§d the second half of
section 10 in [10]. Finally, as laid out in sea09, 11 and 12 of [1] we calculate an energy
E= J'J:f 1TrF, F*d°x using theouter product traceE = ”jz - mF " ged’ 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 and how tfiewithin the overall theory. It turns out that
these respective energies following calculatiogwshg both the matrix form and the scalar
expression after the outer product trace is takee,(12.4) and (12.5) of [1], are:

m, +4/m m +4m
(2m)? . (5.1)

5
o
o O
3

0 0
0

u

0 Jm

~
3
o
—~ O
5
o O

=(27)F TK, 0K,

Jm, 0 0 Jmo 0 0
E.=—2 T 0 Jm o0 |0 0 Jm o |zRFAWMMTAm
(2nm) 0 0 o Jm (2n) . (5.2)

r-\o
3]

=(2) 7 Ty 0Ky, = (277) 7 Ky aK nss

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¥ ;. We also point out, as elaborated in sectiofg@ugh 4 of [6], that
these matriceX can be used to restate the Koide mass relationgfy which is why we
choose the symbolK” for these. We further point out as elaboratedhia 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), whiis the first primary mass relationship. Why
do we make this hypothesis? The reasons are pamibyrical and partly theoretical.
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Originally in [1] the author approached (5.1) aBd2f by calculatingE, — E, using the
PDG datam, =2.37/MeV and m, =4.895MeV and found thatE, - E, =.476"%2 MeV
which nicely contains the electron rest mags=.511MeV pretty much near the center of the

error bar. This was the first plausible point @htact 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 decayma 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 neglecting tak 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 intyaothesizedelationship relating the electron rest
mass to the down minus up quark current mass diftar and to the difference between some
neutron energy number and some proton energy nymabeio be confirmed or contradicted
based on additional empirical data. Subsequertrétieal development 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 classical Yang-Mills gaugedbry. And subsequent empirical development
which will be detailed below and in the next sectappears to validate rather than refute (5.3)
and to show that this abelian limit appears to gowehat is observed in nuclear binding and
fusion events and the nuclear mass defects.

Now, we turn to explain the origins of the secqamuinary relationship (3.2) and for this
we must begin to discuss nuclear binding energiile (5.3) was the first plausible point of
contact between theory and experiment uncoveratéguthor it was (5.1) and (5.2) themselves
which opened up fertile new vistas via some extignoempelling connections to nuclear
binding energies. We now explain how this is depet.

If (5.1) and (5.2) represent some to-be-determi@eergies associated with the proton
and neutron then it is certainly a good idea taxwate these energies. We may do so using
m, =2.3%.MeV and m, =4.8%5MeV 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 the correct quaassesif (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(Z1) MeV we may calculate to ten
significant digits in AMU and seven significant dgyin less-precise MeV [4] that:

m, + 4,/ +4
E; = d (mj)r?’ il =0.001837399 7 1.711% 9 MeV , (5.4)
27T)?

+4, +4
=M (”L)”} M - 0.0023876939 & 2.22027 MeV . (5.5)
27)°

N
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Now at first sight, these energies are a bit nm@tis. After allMy = 939.565379 MeV
and Mp = 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 & ¢kerall proton and neutron masses, and that
the remainder of the mass is generated throughngxte non-linear interactions involving
guarks and gluons. So let us strip out all of ¢hiederactions and focus solely on the current
guark masses which, when properly summed togesiheryld represent something of a “zero
order” value for the proton and neutron massestiGaing 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)(Jym o0 0
2p=2m+m=Tr 0 \/ﬁu 0 0 m 0 1=Tr KOK= Kops Keg, (5.6)
o o Jmjlo o ym |
=0.0100239911& 9.3373 2 MeV
Jm o o)(/m o0 o0
ZN=2md+rnJ=Tr 0 \/ﬁ 0 0 \/ﬁ 0 = TrK\lDK\I: I‘<NABKNB/. (57)
o o Jmjlo o ym

=0.0129129643 & 12.028349%6cV

We note that these sunis, = mg+m, HKK, and Z = 2n, + m, = TK K, employ the

inner product traceof the same Koide matricefor 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 leastsbech as the mass sums (5.6) and (5.7) and yet
they are substantially less. That is, some ofrttass we expect to see in (5.6) and (5.7) is
“missing” from (5.4) and (5.5), in much the sameyvwsame of the mass one might expect to see
by fusing two nuclides if we naively add their sejia masses together goes missing in the mass
defect and is released as fission energy. So hewuestion becomes: how much mass has gone
missing in (5.5)? We can easily calculate thissmig energy differencé = - E for each of
the proton and neutron by subtracting (5.4) fron6)&nd (5.5) from (5.7) as was first done
using the PDG data in [12.6] and [12.7] of [1], mubhow done using (3.3) and (3.4), to obtain:

+4.] +4
A, =2,-E,=2m,+ rrh—md (mu)r?, il =0.00818659% u= 7.625 13 MeV
277)?

=TrK, K, -(27)F TiK, 0K,

, (5.8
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+afmm +4
A =5 ~E,=2m+m- W NMMTIM _ 55105052704 9.804 2268 M¢
(2m)? . (5.9)
=TrK, Ky, —(277)% Tk, O K

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

We may then easily calculate that the average @lsehtwo missing energies
1(A,+A,)=8.7149941Me\. It is this number which starts to reveal some vesep

empirical connections with nuclear physicBor, if we refer to the well-known empirical cerv
for the binding energy per nucleon which is repstlbelow as Figure 2, and if we keep in
mind that most nuclides have roughly the same nurab@rotons as neutrons but with larger
proportion of neutrons over protons as the nucligieisheavier, we see that this number is very
close to the peak per-nucleon energy at aboutéNd per nucleon. In particular we know that
the heaviest nuclides do give up approximately 8/8¥ per nucleon in order to bind together

which very closely tracks the missing enelﬁyAp +AN) =8.714994 1 Me\. Plainly put: (5.9)

predicts that about 8.75 MeV of energy goes missimgaverage from a nucleon and Figure 2
tells us that about 8.75 MeV of energy really ispgmally missing on average from nucleons
near the peak of the nuclear binding table. Batargies are just about the same, and both
energies are “missing” energies, and redllgding energies

586 T el T

136 |
Xe
Ng 50

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
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It is this observation, first reported in sectio@ a&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

1(p,+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 bitth a new theoretical pursuit that was
unanticipated at the outset and that was driveanbpirical numerical energy data.

Once this connection is discerned, one is highbtivated to 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 bindénergies of all the nuclides
in nature. The former has 26 protons plus 30 pnestwith an empirical binding energy of
492.253892 MeV [16] at the median of the error grgnd the latter has 28 protons and 34
neutrons with an empirical binding energy of 5489@25VieV (calculated from [17]) at the
median. So if we use (5.8) and (5.9) to ascettanw much energy is “missing” from each of
these nuclides we find that:

A(56Fe) =26\, + DA, =492.3965985MeV versus 492.253 882V 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% oflikeretical missing energ&(%Fe)

and for®Ni this same percentage is 99.7063%. And if onesd similar calculation for all of
the other nuclides neafFe and®Ni it turns out — very, very importantly — thab_nuclide
reaches or exceeds 100&hd that the very highest percentage is the ostesjown for’°Fe.
This means that (5.8) and (5.9) — in some manraritbeds to be understood — are establishing
the upper empirical per-nucleon limit which is atveel in the nuclear binding curve in Figure 1.
Clearly then, the results in (5.10) and (5.11)detle that (5.8) and (5.9) are revealing something
very real and very deep about nuclear binding, Wigiges further 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 exp$otkee 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 for the neutron minus proton mademince, are the following:

1) Nuclear Binding and Quark Confinement: The emsrd5.8) and (5.9), in physical
reality, are “latent binding energies,” or “eneqjiavailable for nuclear binding,” of tifece
proton and neutron, respectively. What does tl@anf? When a proton or a neutroffrés, i.e.,
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not bound to any other nucleon, then the entirétyis latent binding energy is used to confine
guarks within the nucleon. But when a proton artran isfused and bounahto a nucleus with

at least one other nuclide, some — but never alfl the latent binding energy in (5.8) / (5.9) is
released as fusion energy, the mass of the fusddusuas a whole becomes less than the sum of
the masses of all its separate nucleons, this & whderlies the mass defect, and this lost mass /
energy goes into the binding energy fusing togetihemucleus, all in a sort of energetic nuclear
“see saw” between confinement and binding. Saytieks insiddree nucleons are most tightly
confined because these nucleons are unbound amebrs® of their latent binding energy is
diverted from quark confinement to nuclear bindirf. the other end of the see saw, the quarks
inside nucleons inside tightly bound nuclei such>%e are least-tightly confined, because
almost all (99.9710% in the case®&e) of the latent binding energy is used for nuckéading

and not confinement. But these quarks are stilfined nonetheless because nuclide ever
gives up more than 99.9710% of its total latenting energy for binding There is always at
least 0.00290% of the latent binding energy whiemains behind to confine the quarks.
Understood in this way, confinement is empiricathanifest by the fact thato nuclide ever
reaches or exceeds 100% usage of its latent birefieggy for actual nuclear binding~or*°Fe,

the total 0.00290% which is held in reserve forfocwment and not channeled into nuclear
binding amounts to a scant 0.142706 MeV which $s lhan 1/3 the mass of a single electron.
But that is still enough to keep the quarks comin®Becaus@&o nuclideever uses up more than
100% of its latent binding energies for actual loigd but always reserves at least some energy
for confinement, quarks are always confined. Qsiamkide the nucleons BiFe are less-tightly
confined than the quarks inside any other nuchdei¢h is a basis for understanding the “first
EMC effect” [18]), but they do assuredly remain fioed. The peak in Figure 2 dFe which

sits at 99.9710% of what it would take to de-coafguarks, is one very direct way in which
nature displays confinement. Indeed, the fad tifia observed binding energies in (5.10) and
(5.11) and any other nuclides abvaysless than the total latent binding energies revtads
energy-based explanation for whyarks 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 demyt /B is
calculated from (5.8) and (5.9) using:

MB=ZM,+NMD,. (5.12)

So for example, (5.10) and (5.11) may be repredesdespecific applications of this formula for
=B :A( 56Fe) and 2B :A( 62Ni). And if we denote thebservedempirical binding energies
generally as /B, with the O subscript, then the percentage ratiscudsed earlier are
B,/ 5B=99.9710% and 2B,/ 5;B=99.7063%. These latent binding energi¢® thereby
establishupper limitsfor the empirical binding energies. But’86e demonstrates, these limits
are never reached or exceeded, thaf&,< /B, or alternatively,”B, / B<100%, always So

this now leads us to ask how to explain the speoifiservedbinding energies/'B, for all the
nuclides. This is especially of interest for thghtest nuclides which have the lowe, / /'B
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ratios and for which the observed binding energeesiate have not yet been satisfactorily
explained. So, what do we now know to help usrégtis 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,, mm, , 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 (&) nothing else This is stringent because it

gives us no room to adjust anything. If we cantmtsistently construct the observed binding
energies from these energy numbers with some faiglg degree of precision, which means as
functions of the up and down quark masses — vieaggohrameters — and nothing more, then this
approach is contradicted. But if we can consteutdir number of observed binding energies in
this way then that would lend solid empirical supgo this approach. We know that the latent

binding energies'B = Z[A, + N[A,, come readily packaged so for any given nuclideshauld
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, oneissg empirical data in combination with the

foregoing toolkit to try to discern systematic dutiden theoretical patterns in the nuclear
binding energies — in broad scope, seeking to “detand “map” the 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 eyésg’B, =0.002 388170100. We then

refer to our energy number “toolkitn,, 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 energyeisactly equal tahe up quark
mass due to how close they in fact appeared to Heat is, the author originally employed

’B, = m, rather than (3.2) as a primary mass relationshipoimbination with (3.1). Then on
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this basis, over the course of the developmenéatians 1 through 9 of [2] the author was able
for the first time to derive the primary mass nglaship (3.2) for the neutron minus proton mass
difference with eight parts per ten million AMU acacy. Once this (3.2) had been derived, for
the reasons elaborated at length in section 1@]ptHe author shifted hypotheses and advanced

(3.2) to a primary, exact mass relationship whiiéhdrawing ?B, = m,, so that the sub-parts-
per-million AMU error was shifted from (3.2) B, and the original hypotheses retreated to
B, = m, within less than one part per million AMU. It ntdso be pointed out that this error is

outsideof experimental error margins becay is known with greater than ten-digit (parts per

ten billion) accuracy. So as close as these emuly be, the difference beyond parts per million
AMU still need to be understood. Nonetheless, iach is surely close enough to warrant
attention.

5) Helium-3 and Helium-4: From there we seek tewise explain some other light nuclide
binding energies based on the foregoing toolkitiigaarly hydrogen and helium isotopes. For
the highly stable alpha particle — tftée nucleus — it was found through trial and erhat the

observed binding energyB,=0.0303765865 is less than the latent binding energy
JB=2[A, +2[D, =0.037 46522 2u by approximately2,/m,m,. So we then calculate
20, +2[A, - 2/m,m, = 0.030373 00204 , B, to find that this differs from the observed

alpha binding energy by undéwur parts per million AMU The integer factor 2 used with
Jm,m, is “structurally sensible” because the alpha pkrthas 2 protons and 2 neutrons, i.e., 2

neutron / proton pairs and one might “read o@{/m,m, as saying that “the alpha has two
protons with an extra up quark and two protons waithextra down quark.” And this overall
expression for;B is structurally sensible because just like thehalparticle itself, it is

completely symmetric under both - N andu - d interchange. This is first developed in
detail in section 5 of [2] and the numerical resalte recalibrated in section 10 of [2] after (3.2)

is used to replacB, = 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¢ J B by employing the trace of the Koide

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

“structurally sensible” becausiie has one neutron (one extra down quark) and fwmps
(two extra up quarks). This was first developediétail in section 6 of [2] and differs from the
empirical data byinder four parts per hundred thousand AMEer recalibration in section 10
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,, B, =2, +2[A, - 2/mm, and B,=2m,+,/mm for °H, *“He and*He
respectively could be ferretted out relatively igfinforwardly using binding energies, latent
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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 connectmthe point 3 toolkit. And we also began to
make use of the general mass defect relationship

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

which relates the observed binding enertfy, to the observed nuclear mass (weigf), for
any nuclide withZ protons,N neutrons andA=Z+ M nucleons. (Note: the free proton mass
M, = ;M and the free neutron mast, = ;M .)

First, because our goal 15, we consider the fusiopH +?H - °H +e* +v+ Energfa
proton and a deuteron into a triton and ask: howchmanergy is released? Empirically,
neglecting the neutrino, what is observedEisergy= ;M + ?M —>M —m, = 0.004 780 386 2.
Dipping into the toolkit we find a close connectiosing 2m, =0.004 774 @ 8 6 which differs

from the observed fusion energy by 5.7076%10 i.e., just undesix parts per milion AMU
And the factor of 2 makes some structural sensausecwe are fusing two nuclides. So we

make the close associaticEnerg%llH +2H - JH+ ..): Pn,. After some calculations using
(5.13) and leading to [A9] in [2] we obtain the eagsion’B, = M, - M, +3m,+ m, for the*H
binding energy. But this violates the stringerdlkd rule: we must be able to closely &ach

and every nuclideo nothing other than the up and down quark mas$ag this expression
contains the neutron minus proton mass differelicge— M, which is the primary relationship

(3.2). To stay true to this stringency, we mustvriind a way to expressM, —M, itself
exclusivelyas a function of the up and down quark masses.

For this we do a second study, this time of the tme&ementary fusion
H+'H - ?H +e" +v + Energy of two protons into a deuteron. Again we ask: mouch energy

is released? The observed empirical energgnergy= M, —2M —-m_ = 0.000 4511410.
We again return to trial and error with the toqlkiitis time dipping into théer)% divisor to find

that 2,/m,m, /(271')% =0.0004504241. This differs from the empirical fusion energy by
7.169x10" u and so has an accuracybeftter than one part per million AMUSo we make the
close associationEnerg;(llH +H - H+ ..)= m,m /( 2)%. The coefficient 2 makes
structural sense because we are fusing two protditereafter, we arrive in [A15] of [2] at
M, -M,=m,- nL—Z\/W/(Zn)% =m, —(?mj +2/mm- 3rp) [ z)? solely by deductive
calculation, which is the primary mass relations(8®). With this we have completed the

explanation of how the second primary relationst32) for the neutron minus proton mass
difference is obtained.
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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 valuiB, =0.0091055854 . So we then completed the
calculations in the appendix of [2] using all oé$e results to arrive in [A17] at the approximate

expressiondm, - 2./m, m /(Zr)% = 0.009 099 047 11 3B, 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 of puigdire triton binding energy. But based on the

initial hypothesis in place at the time th&@, = m,, this relationship (3.2) itself predicted a
neutron minus proton mass difference which wadvpfé few parts per ten million AMU. Then,
for the reasons detailed in section 10 of [2] thehar withdrew 2B,=m, as a primary

relationship and in its place hypothesized (3.2pb¢oa primary, exact relationship among the
electron, proton and neutron masses, and the updamsh quark masses. It is with this
hypothesis that (3.2) joined (3.1) as a “primarysmaelationship” which was then used in
accordance with the EPN-0 quark mass definitiodeiduce very precise quark masses (3.3) and
(3.4) which have been used in the developmentésgesince. With this shift in hypothesis, all
other mass / energy relationships previously deezlovere recalibrated to reflect this revised
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 paseskction 3, namely whether these primary
mass relationships (3.1) and (3.2) and the vergigpee&) =0 up and down current quark masses
(3.3) and (3.4) deduced therefrom can be suppdyesther “secondary 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 effoate made to contradict and no contradictions are
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 theoe¢tvalidation, other than perhaps trying to assess
the probability that multiple failures to contraidare only just coincidence and deciding that at
some level, say, 6-sigma, the threshold is crofeed careful skepticism to acceptance. But at
bottom, this is a subjective judgment which mustfbe made by individual scientists and then,
eventually, by the scientific community as a whole.
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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 is economical, which in a conservative vi@vgcience 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 a&Ingynthesis of well-established and well-
settled theories and theoretical elements to uhyoaured unambiguously deduce new results and
new explanations for previously-unexplained obstoval data. From a conservative scientific
stance the latter (synthesis of settled sciencejeterable, while the former (brand new notions)
is not ruled out but should only be used as artirt when there is no apparent way to succeed
by restricting oneself to synthesizing known theelgments in novel 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 secondappert for the view that (3.3) and (3.4) are
correct quark masses and therefore (3.1) and &e¥rorrect primary relationships, as well as
for the view that the “toolkit” energies can in fdwe used to fit observed nuclear binding and
fusion energies. Specifically, we hypothesized tha latent binding energies (5.8) and (5.9)
and toolkit components thereof should be able twige theexclusivebasis for fitting empirical
binding and fusion energy observational data. Twkan we applied this hypothesiss, *H,
*He and’He we were indeed able to fit energy numbers fbfaair of these nuclides to better
than parts per hundred thousand AMU, which meaasstttis hypothesis was uncontradicted by
these four nuclides’ binding and fusion energiea/hile we do not attempt to calculate a
probability for this, it does seem that the probgbof mere coincidence that all four of these
binding energies do not contradict this hypothesigond parts per 2AMU or better apiece is
quite low. Now we shall review this empirical sopiptogether 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) ¢hd) to be valid, very precise up and down
Q =0 quark masses. Based on this, the author hast¢obdn 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 strictlymsrof m, and m, with very
close matches to parts per°1C or even 10 AMU. Respectively, these secondary

relationships areiB, = m, (section 5, point 4);B, = 4m, - 2,/m m /(2:1)% (section 5, point 6);
3B, =2m,+,/mm (section 5, point 5); and in view of the latennding energies (5.8) and
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(5.9), 7B, = 2[A, + 2[A, - 2/m,m, (section 5, point 5). This means tHat, *H and *He

respectivelyreleaseenergies of about,, 4m, —2,/m, m /( Zr)% and2m, +,/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 latentifig energy for nuclear binding.

2) Deuteron and Triton Fusion Energies: Interreldtethe point 1 secondary relationships
and the primary relationship (3.2) fé1, —M, an Energ;(llH +2H - H+ ) = I, for the
fusion energy released when a fusing proton and eatedon into a triton and an
Energ)(llH +H - H+ ..):: m,m /( 2)3
protons into a deuteron (section 5, point 6).

for the fusion energy released when fusing two

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 hawalae o%(AP +AN) =8.714 9941 Me\

which is right at the peak of the empirical nucléarding curve in Figure 2, which likewise
represents a “missing energy” from composite neaslid

4) Iron-56 and other Tightly-Bound Nuclides: Basad (5.8) and (5.9), the relationship
A(*Fe) = 260, + DA, =492.396 596 M e\ in (5.10) which is extremely closeto the

empirical >B,=492.253892 Me\, such that ;’B,/ 50B=99.9710%.  This, and other

relationships such as (5.11) which are deduced5i2) 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 greater fSFe than for any
other nuclide. This enables us to understand quoarKinement on an energetic basis and
possibly explain the first EMC effect [18] wheredpyarks inside 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 ti{a3) and (3.4) are therefore empirically-valid
guarks masses. But there are further supportingrexal results as well:

5) Solar Fusion: By combining tiiel, *H, ®He and*He binding results in point 1 above with
Energ)(llH +2H - H+ ..)= 2, and Energ)(llH +!H - H+ ..)= m,m, /( 2)% for the

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

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

=4m, +6m,-2/mm+(2mg-22n- 12 my) ( 2)' = 26 78leV
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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 (3d3)handown quark mass (3.4). Most of the
energy we encounter in the world had its origirmmevent (6.1) on the sun, so this is certainly
an empirically-validated result.

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 ofA, /A, =1.284 295 230 - teaches

that a neutron inherently carries 28.43% 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 such 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 aftien 5 for the hydrogen and helium
derivations, but when applied to Li and Be, thiguieement provides deep empirical support and
IS quite intriguing.

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

$B,=7m,+6m -2/ m m+(-10m-10m-9 m Q)/(Zn)% = 0.03433642Zu.  (6.2)

B,=8m,+6m-2/mm+(2 m+2 m-11/ m g)/(zn)%:o.o42105716m. (6.3)
By=7m +6m-2/mm+(-10m+ 8 -9 m lg)/(Zn)% =0.0403563620 .  (6.4)
B, = 4[DE, + 4IAE, - 2/m m - 2/ m g/ ( 27)"° =0.060 633 250 Y. (6.5)

The respectiveempirical values out to seven digits afB, =0.034 3471 (difference of
-1.07x 10° U); /B, =0.0421303 (difference of -2.45x10° ); /B, =0.04036511
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(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 1 AMU.

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 1. And, after using the toolkit and “structurallgrsible” integer multiples, it is
found in [13.3] of [5] that:

Energ)( JHe+ 2p - SLi+€ +v+ Energ)/z gmm (/271)1'5 =0.002 026 4, (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:

Energ)(SLi +p - /Be+ Energ)/z 18my /( 271)1'5 = 0.0061®9 u, (6.7)

which has the coefficient 18 and differs bx 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 structudetla® “nuclear genome.” Let’s take a closer
look.

When we build théLi nucleus by fusing 2 nucleons with an alpha p#etin (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 frée to°Li? 9,/m,m, /(277)"°. How better to

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

both the beginning and end-produitte 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 usm, /(277)1'5. (Keep in mind point 6 where
we explained based on latent binding energies wdityra favors extra neutrons over extra
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protons for anything heavier than He.) In thisctean a proton is being traded for a neutron, but
the unchanging nucleus during this reaction is uhderlying stabl€Li nucleus which is an
isotope of'Li and an isotone ofBe. The structural piece of the nucleus which dusschange
is the underlyingLi with 6 nucleons. So what is the coefficientderWhy, it is 6. In (6.7) we

are adding a proton i to obtain ‘Be, and the toolkit yield48m, /(271)1'5. Why 18? The
nucleus at the root of this fusion evenflis which contains 18 quarks. It is also interegtin
observe that the three main toolbox elemq]‘m, m, andm, are each used in these decays

via 9/m,m, /(27)"°, 6m, /(2m)° and18m, /(27)"° and that théLi nucleus common to all
three reactions with 9 quark pairs, 6 nucleonskhduarks appears to drive these coefficients.

15 15

All of this suggests that when any nuclear tramsibccurs 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 ;He+2p - 2Li+... with 9/m, m, /(277)1'5, each of the nine quark pairs gives up a single

energy dosage/m,m, / (277)1'5 to be able to establish tfiei with the start of new proton and
neutron shells overlaid on the alpha nucleus, i)ab “entice” an extra proton and neutron to
join the alpha core. FofBe+ e- ! Li+... with 6m, /(277)1'5 each of the six nucleons — three

protons and three neutrons — in thé core gives up a single energy dosatgg/(er)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 new proton intodbie.

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)(p+fH S SH+ ..)z 2n, each of the proton and the deuteron must conéilant

energy dose valued a),. This all provides a deeper picture of what itam@to say 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 collectairdiscrete “dosages” of the toolbox energies
which bear a real relation to the structural eletsenthe involved nuclei.

We also see that the method of fitting the todi&ibbserved fusion gi-decay energies
(versus fitting to binding energies) is extrematyportant in building up larger nuclides. In
section 13 of [5], we started with tfele nucleus and built that infi 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-chaazed, we have the ability to
“weave” over from one nuclide to horizontally orrtreally-adjacent nuclides by examining their
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decay energies, and then convert over to bindimggees via (5.13). This stepwise approach to
building up nuclei with guidance from the nucletiusture at each step provides some sense of
confidence that the binding energies obtained alidly-related to real physical energy events.

Further, we see from tH#e binding energy /B, = 2[A, + 2[A, — 2/m,m, and from

the ®Be binding energy ’B, =4[AE, +4[AE, -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 aréhaps 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 nuclearmehdas to first establish the diagonal
Z = N=even “backbone” nuclides which have full nuclear sheti®id 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),and we take adganof theu -~ d and N « P symmetry.
Then we use the toolkit to find out how much oftlatent binding energy (5.12) goes unused
for nuclear binding and is instead reserved forrkjeanfinement. Once we have established a
backbone nuclide we then “weave” our way over tarbg nuclides using pertinent fusion
reactions while making use of the various emergetgger dosage coefficients which bear
relations to and provide clues about the nucledstsucture and which elements within the
nucleus are contributing what energy dosages.

8) Stability of Helium-4 over Beryllium-8: By nowalring close fits for botfiBe and*He
with the ratio 7B/ /B=1.996759 ¢ based on (6.5) and point 5 of section 5, we inithfic
explain why®Be is energetically unstable and always decaysiigpito two “He nuclei which

are energetically stable. This is another impdrempirical feature of nuclear physics which
does not contradict this approach.

9) Boron-10: Further empirical validation is ob&dhthrough characterizing tHéB, *Be,
1%Be, 1B, 'C, *2C and™N nuclides as the author has previously done itised4 of [5]. We
shall not repeat those derivations here becaugeafgeavailable at the original source [5]. But
the patterns which started to emerge dr Li, ‘Be, ®Be do appear for some of these even-
heavier nuclides, and deepen the empirical confionaf this approach.

An excellent example of this is thiBe+2 p -~ 'Y B+ & +v + Energy reaction, which is
analogous tojHe+2 p - SLi+ € +v + Energy summarized in (6.5). The empirically-released
energy in this reaction i8.006 9210 1. And as found in [14.3] of [5]:

Energy( ;Be+ 2p— B+ é +v+ Energy=\/ mm+ 1§ mp (/ 2)°=0.0069234 |, (6.8)
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which differs from the empirical energy /4% 10° u and is which is symmetric under- d
interchange as expected for ady= N nuclides. What is extremely striking is that treation

of Li with 9 up / down quark pairs frorfiHe contained a9,/m,m, /(277)"° term shown in
(6.5) with the coefficient 9, and the creation'@® with 15 up / down quark pairs frorfBe

contains exactly the same term, but nas/m, m, /( 277)1'5 with the coefficient 15.This cannot
be mere coincidence. This reveals a very defiaitd meaningful data pattern.As with
sHe+2p - SLi+.., each quark pair in the’Be+2p- YB+.. contributes a single
m, m /(277)1'5 energy dosage, except now there are more quar& pdl5 rather than 9 — to
make such a contribution. But the new featureGB)(is that there is also a single overall
Jm,m, dosage. Because structural sensibility is immbria discerning which possible
relationships are true signals of physical reaityl which are merely misleading noise, we need
to closely look at the structure of the nuclidegoined. Earlier,{Li opened up a new 2s shell
for a protons and a neutrons alike, but in 2sotfisital angular momentum Is0O as it is for 1s.
Now, however,')B is opening up a new 2p shell for a proton and wtroe, and these shells

havel=1, for the first time. So to create this shahd particularly to sustain both a proton
(extra up quark) and a neutron (extra down quamkan |=1 state, we need some additional

energy. Theym,m, term appears to tell us that tlel proton contributes the), and thel=1

neutron contributes the, to this/m,m, energy dose as the price for entry into'flBnuclide
and maintenance in an orbital statéThat is, in'°B there is one proton and one neutron in an
orbital state, and the energetic price for this/is, m, , contributed based on the extra up and
extra down quark in each of thel nucleons that open up 2p shells.

In sum: equation (6.8) is telling us that to cré8Befrom ®Be plus two nucleons, each of
the 15 up/down quark pairs in the tar#& must contribute a m, my /(27'[)1'5 dosage and the

neutron / proton pair which opens up 2p must furttwntribute/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 exactlep 12 u by definition. It is also of keen
interest in for confirming certain patterns alreagyen for théHe and®Be which are the first two
nuclides withZ = N =even. This*C sits on the nuclear backbone and so followingbtsic
approach stated at the end of point 7 above wergmist to (5.12) withZ = N =6 to obtain the
latent binding energy and then see how much igactied away, i.e., held in reserve to confine
quarks rather than bind the nucleus. The empibioading energy’?B, =0.098 939 &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)
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The empirical difference is-3.10508¢< 10° . Thus far theu -~ d-symmetric energy number
we have used ig/m,m, , yet the above makes clear that+ 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:ehae after all, 12 nucleons 1C, so each
nucleon is responsible for one of they, + m,)/(277)" energy dosages. But lik88, '*C has
nucleons in the 2p shell and so must sustain yethan proton and neutron in &l orbital
state. So in the same way tt{m sustained the first proton / neutron pair in fthe orbital

for °B in (6.8), m, + m, sustains the second proton / neutron pair inl#fieorbital for*’C in

(6.9). This also establishes a very definite and meanindéta pattern. Physically, this
motivates us to now think of the toolkit as repreésey actual energy dosages contributed by
different component parts of the nuclei in ordebibod everything together and enable various
nuclear reactions to take place. As we map théeaugenome, the dosages we uncover are
telling us which quarks, quark pairs, protons aadtrons, proton / neutron pairs, shells etc. are
contributing energy, and how much energy they argributing, andwhat that energy is used
for, e.g., to do basic binding, to maintain an orbighantum state, or, presumably, to maintain a
not-yet-examined magnetna quantum state.

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) Masses of the Proton and Neutron, and the @aest Mass Contributions by the Up and
Down Quarks: A very important empirical validatioomes through using an extension of the
foregoing approaches to explain the observed pratohneutron massé4 = 939.565379 MeV
andMp = 938.272046 MeV themselves, in relation to thesg same quark massesthin all
experimental errors.This was the central result in [6], which will Bemmarized here.

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 differencé,, —M, in

relation to the up and down quark masses from thegpy relationship (3.2), we are one step
away from knowing the proton and neutron massesmgkt/es if we can also determine
M, +M,. So the objective is to deduce this sum of th®s® masses. Once that is the

objective, there is an important symmetry bendfdattwe have already seen with te= N
nuclides: we expect tha¥l + M, which represents baryons with a combined totahoée 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 protahreeutron masses are well over two
orders of magnitude larger tham, = 2.223 792 40 MeV andy = 4.906 470 34 MeV, so the
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“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 scalesftaic observed
masses, notably the masses for\tth@ndZ bosons, and we might expect on general principles
including the recently-confirmed Higgs field thedhat this vev will also turn up in the proton
and neutron masses. So knowing that we are goingddu ~ d symmetric constructs such as

Mto obtainM + M, and entertaining the possibility of employin/ﬁ as an additional

energy square root to supplemﬁ and \/m; which we are already using, we perform an

exploratory calculation in [3.8] of [19] to encogmgly find that the construct
vm =901.835259 Me\ lands within about 3% of the actual proton andtre@umasses.

To use a golf analogy, this lands the ball on treeg; nhow we need to figure out how to hit it
into the cup.

The next step is to emplagiag(®, ) =v, dia®d =\ ( 02 74 +1 + <1 2 2 whichis a
Fermi vacuum in the adjoint representation that ala¢hor had used in [19] to break the

electroweak symmetry for elementary fermions whiclwere grouped into an
(v.(ug.ds. d5) . & de, u,, w)) OCtet in the fundamental representation of an p@Eend Unified

Theory (GUT) which naturally explained the existeraf three fermion generations and CKM
mixing and so answered Rabi’'s long ago quip abmeitmuon, “who ordered that?” Plainly put:
the electric chargesQ=+%,-1 of the up and down quarks needed to enter

JVE/m, 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 maatiixhe udd (neutron) charges and masses:

fwm o o Y(f¥m o 0
Trp 0 Y3vem O 0 Y3em 0 |=3QF5¢ymmn (6.10)
0 0 zvm || O 0 {ivenm |

=1857570635 MeV

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

M, +M, = B(w“/észmjm, + m+ na) =1878.961415 Me\, (6.11)

which differs from the observeM, + M, =1877.837 425 Me\ by a scant 0.0599%. This now
moves the golf ball to inches from the cup.

38



J. R. Yablon

The balance section 6 of [6] was devoted to cp#iis final gap. In sum, it was found
in [6.6] of [6] (see also [5.14] of [6]) that tlexact 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] from teenpirical M + M, that cosg, =0.947454242

and in [6.30] thatd =0 by mathematical identity The latter result tells us that there are no CP-
violating effects associated with neutron and prpwhich is validated by the empirical data that
the mass of the antiproton is equal to that ofpftegon, and similarly for the neutron, see, e.g.,
[20], [21]. The former result boils down and bugsllup the problem of explaining the proton
and neutron masses within all experimental ertorhe problem of explaining the value of this
deduced “nucleon fitting anglefosd, =0.947454242 within all experimental errors.

Because thig, and the phas& emerged from matrices with weneathematicallythe
same as the CKM mixing matrices, it made sensee#ilscosd, =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 [22] coupled with [23] tell us that:

Vud Vus Vub 1 0 O C13 O S.L3 e_idls q2 %2 0
V=1Vy Vs Voo|=|0 Cp Sy 0 1 0 % G 0
Vo Vs Vo 0 -5 GCy)l—Ss &€ 0 Cis 0 0 1
Colis SpGs S8
= 792657 GrS593 g ¢ 153~ 812823813@ S3Gs ) (6.13)

%5~ 0:Cs%:€8 ~ G $HEe &

0.97427 0.00015 0.22534 0.00065 0.003%4™
=| -0.22520+ 0.00065 0.97344 0.00016  0.02{%!
-0.008677 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 th4V| :\/udvcs\/tb+ Vuchb\/td+ Vuchths_ VuchthE Vuchd\/H) Vudvcb\'ttsl’ by

construction So there is no empirical information to be gkxifrom the entire|§\/| =1. But this
determinant has two parts which we call the “major’d afiminor” determinants
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|V|+ :\/udvcs\/tb+ Vuchthd+ Vuchd\/w and |V|_ :Vuchthd"' Vusvcd\/tb+ Vuchb\/ﬂ such that
V[=|V|, =|V|_ =1, and these numbers are physically interestingemuth are constructed from
all nine entries inV. 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
phase aspects of are captured byl =2.96770x10°. Then, comparing the data number
cosf, =0.94745424 with V|, =0.94753E, it begins to appears as @osg, may in fact be
synonymous WitHVL. In fact, when considering the experimental errior(6.13), we find in

[7.4] of [6] that |V|, =0.947454 707", i.e., that0.947273< V| < 0.9479Z. This places the

0002@
nucleon fitting anglecosd, = 0.947454242 predicted from the actual proton and neutron ngsse

well within the experimental errors fdv| .

So, once again driven by empirical data concueemithin the known errors, we define
cosg, E|V|+ by hypothesis, and this connects the CKM matrithvihe nucleon fitting angle.

Also using the identityp =0 which makes anti-nucleon masses the same as nutlasses, we
then rewrite (6.12) as:

MN+MP:3(</%VF2HW+( m+ m)| \K)- (6.14)

Now, this proton plus neutron mass sum becomesifiggkavithin all experimental errors
When (6.14) is then solved together with the prymatationship (3.2) folM, —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 majeterminantV|,

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 shorth@édFZmJ m =, M, M, , see [5.14] of [6]):

M, =%(3(;‘/§VF2me, +[ M, ( m+ ng))+ rp—(s I+ Z\/Tom— 3 ul)ﬂ( 2r)§) (6.15)
M, :%(3(<‘/§VF2me, +|M, (m+ r@))— rp+(3 m+ Z\/Tom—S ul)ﬂ( Zr)g) (6.16)

These are not just approximations. They are ematittin all experimental errors. This then
provides the basis in [8.3] through [8.6] of [6} fobtaining the so-called “constituent” quark
masses (which we shall refer to as “contributivefak 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 curreatkgomnasses as we see in (6.14) through
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(6.16), then this suggests that other flavors oydracontaining c, s, t and b quarks can similarly
be expressed once these second and third genegatawk flavors are included. In this regard,
the culmination of the development leads in [6.4f76] to a “mass and mixing matrix”:

My mmy M meGs, s W mmoes ¢

+ /M M ,mmc,c, & +yMM;my/ mmg § €

Jmmymm/ MMss,

(6.17)

©=27) -mm{ymmGq s mmomecLL

MM, mmms, ¢, & ~ MM, mm./mms,s &
Jmmy MM/ mms s, -/ nmMM.ms ¢, My MMy MM, g

which includes the shorthand definition®!, ., =./2v,m,., and M, , =.iv.m, . for

“vacuum-amplified” quark masses containing the entrquark masses amplified by the Fermi

vev and attenuated by their electric charge madegu 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 parameteozadppearing in (6.13). If we examine the

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

Jmm my MMs ¢,

u,c,t

1Tro :3(«4/%VFZTTL m exp( 0)+(m+ m) cosﬁl) = M,+ M. Thisis identical to thé1, + M,

sum in (6.12), andhis means that the proton plus neutron mass suemisedded i@ as a
special case Thus, it must be considered that upon furthed\stthis matrix may help provide
an explanation of the various c, s, t and b flagdyaryon masses.

13) Who Ordered That? Why are there Three Ferr@ienerations?: Having just discussed
the second and third generation of quarks and barybis worth now going back to Rabi’'s
original quip “who ordered that?” about the muMvthile the second and third generation quarks
and leptons and their mixing properties have beelheharacterized since then, Rabi’s question
remains unanswered to this day. Nobody has ye#rshbetheoreticalimperativefor 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 [19] 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 massesds inexorably
to the appearance of three generations of CKM-typerk and lepton mixing

Briefly: it is well understood that spontaneous syetry breaking breaks the symmetry
between particles in a multiplet, for example, electroweak symmetijeaking separates
electrons from neutrinos, and GUT symmetry breaksngidely thought to separate quarks from
leptons (lepto-quark symmetry breaking). But sogbossible to “break” a symmetry between
generators(not just between particles) whereby some generdtecome separated (“fractured”
or “stranded”) from the remaining generators andnsast either “disappear” or become
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“horizontal symmetry” generators. In this SU(8) GOne starts with the seven (7) generators of
SU(8), but by the time we reach low energies amttedweak symmetry is broken, (linear
combinations of) only five of these seven SU(8)eagators are required to describe the strong,
weak and electromagnetic interactions in both leftd right-chiral states, and the other two of
the original seven generators have become strameéedthey are unneeded and unused. These
remaining two generators cannot just disappear,elew They still provide two degrees of
freedom and thus give rise to three horizontalestdor all the fermions, and these are what
become associated with three fermion generatidhgreover, when this is carefully considered
together with the particle multiplets for which syretry is brokennot only the existence of
three generations but also the observed CKM mixihdpoth left-chiral quarks and leptons
naturally emerges and is fully explained, dedudyivand inexorably In retrospect, it was the
author’s unfortunate omission not to reference fimding as to the theoretical imperative for
three fermion generations and CKM mixing in théetdf [19]. Unlike what has been discussed
in points 1 through 12, this isqaalitative not quantitative concurrence with empirical daBaut

it is equally important because although theseethgenerations and their mixing is well-
characterized, theaison d’etrefor the existence of three fermion generationshwibserved
mixing has, until now, remained one the great ute®rpd 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 up and down quarkshendhighly-non-linear interactions. But if
that is the case, then as pointed out in sectioh[2] and more completely elaborated in [5], the
binding and fusion energy “toolkit” discussed inimgo3 of section 5 which specifies the most
elemental energy dosages released during a fusiemt enay be not only a theoretical toolkit,
but also @echnologicalone.

Nikola Tesla, who possessed one of the greatesoriual aptitudes for extracting
technology from science, once stated “if you wanfind 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 wdtain 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 anddiugiata provide possible guidance. A good
precedent for this line of reasoning is the usenmirowaves or radio waves to excite atoms into
higher energy states (Hertzian resonances) whighdd the basis for lasers and other optical
“pumping” devices. It is on this basis that theéhan has proposed and filed the international
patent application [5] for catalyzing “resonant keac fusion” by bathing a nuclear fuel in
gamma radiation at energies established by theeates@nergies in the dosage toolkit. This
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needs to be tested and if viable, developed. IButdsting 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 & famma 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 thoseltesoay provide the path for more practical and
widespread applications of nuclear fusion to predacmmercial energy. And, any favorable
change based on using the toolkit energies would 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 aergn2,/m, m /(27[)% =0.0004504241

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

each of the protons must contribute a single endogpage,/m, m, /(27[)% =0.000 251551u,

which is about 0.210 MeV, to enable this fusioméour. 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 the protons with just the necessary en#drgy need to contribute to catalyze this fusion
more favorably than if we do not provide this ba#imd whether with proper technological
development the fusion energy output can be madgdeed catalytic gamma radiation input.

15) Decoding the Nuclear Genome: The many waysfuhdamental purpose of this paper
is to present empirical evidence for the viewpdirat 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&his 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, additiorthily Fermi vev and the CKM quark
generation mixing matrices) which quark masses lmarestablished with the same level of
precision as the free particles and observed ezeetgi which they are related. And, all of this
can be achieved using an unambiguous electronprwatron (EPN) measurement system for
defining theQ - 0 up and down quark masses notwithstanding thetliattjuarks are confined

and so can never lrectly observed in their quiescer® =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 quark masses with a high precisiosaritéd
from the EPN masses. Then we posed the threeigp®st) 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 thesitsgiotons and neutrons and other baryons are
the chromo-magnetic monopoles of Yang-Mills gaugeoty provides a firm theoretical
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foundation upon which all of this may be supportadd what the interface is between theory
and experiment.

The evidence presented in this section of pantstpe 1 and even 10AMU empirical
fits between the up and down current quark massgsasameters and multiple light nuclide
binding energies fofH, H, *He, “He, °Li, ‘Li, 'Be, ®Be, 1B, °Be, Be, 1B, 'C, *C and™N,
very tightly-bound nuclides liké®Fe, and even the proton and neutron masses thezaseithin
all experimental errors, demonstrate that theréyrel@ exist definitive relationships in nature
between the up and down current quark masses gpldtlzora of energies observed in the
nuclear world. This evidence thus suggests tl@Qt#0 up and down quark masses are indeed
the masses deduced in (3.3) and (3.4) with a poecislose to a billion times better than
anything that has been achieved to date by defigueyk masses from the results of nuclear
scattering experiments. If our purpose was todeddi the primary relationships (3.1) and (3.2)
and thus the up and down quark masses (3.3) afdh8 showing thaif these relationships and
masses are regarded as true many other nucleajieneould also be similarly-related to these
masses, then every single one of points 1 throdgbf this section contain further examples of
secondary nuclear energy relationships which caoldeely expressed in terms of the up and
down current quark masses, just like the primafgti@nships (3.1) and (3.2), thus providing
clear empirical validation, a.k.a. consistent nonttadiction. Point 12 suggests possible
additional validation (or contradiction) througtetktudy of other baryon masses, and it is also
very important as we are reminded of in point 13t this approach allows us to finally answer
Rabi’'s questions about the higher fermion genematibwho ordered that?” Per point 14, the
ability to better develop nuclear fusion technolamuld be a potent practical benefit, and if
testing shows this to be feasible, this would ptevadditional validation of the underlying
theoretical science.

So at this point, the primary relationships (Zahy (3.2) have been amply validated by
empirical data, and this validation also demonssrahat the EPN-O measurement system laid
out here yields sensible and unambiguous resulishwtonnect without contradiction of a
substantial range of empirical nuclear data. Rmhlen, the time 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 auth$t], and thereafter more-deeply developed
in [10] which for the first time fully lays out thquantum field theory for this via an exact,
recursive, non-linear path integration of classi¢ahg-Mills gauge theory. Thus, we now turn
to the third question from section 3: is therermnftheoretical foundation upon which all of this
may be supported, and what is the interface whaimects theory to experiment? We now
review this question throughout the remainder & 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
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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 turcaie 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 interest@inomy we shall leave out those details of the
underlying theory which can be readily found in tireginal source materials [1] and [10], and

focus on how it is that the interface equation$)(&nd (5.2) ultimately derive from 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
qguestion: what is the overarching theory, does thabry 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 diserved protons and neutrons and other
baryons are the chromo-magnetic monopoles of Yaillg-yauge theory is in fact exceptionally
conservative, and is grounded solely in widely-ated, highly-settled, thoroughly-tested
science. Its novelty rests in its deductive sysithef known, accepted and well-validated
scientific theories and theoretical elements tajuely and unambiguously deduce new results
and new explanations for previously-unexplainedeoleional data, such as what was reviewed
in the last section. As suggested near the stag¢aion 6, while brand new ideas ought not to
be ruled out out-of-hand, a synthesis of settledn®e and scientific elements is preferable, and
brand new notions should only be used as a lasttre$ien there is no apparent way to succeed
by restricting oneself to combining known elemeantsinknown ways. This theory follows the
preferable and more conservative path by synthesii new ways, what is known and well-
tested and settled.

Specifically, separately from the empirical vatidas already reviewed, in order to
accept this theory from theoretical standpointone is required simply to believe and accept no
more and no less than: a) that Maxwell’s electraaiyics which includes (vanishing) magnetic
monopoles is a correct theory of nature; b) thang¢Mlills 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 particularigdfar as it relates fermion wavefunctions to

current densities vid? =gy°y ; 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 “ExariuBrinciple”); and e) for the quantum
theory of chromodynamics QCD, believing that Feynimanethod of path integration is the
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
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accept f) that the quarks inside a baryon, altharaitfined, are asymptotically free and can thus
be treatedat least in an approximate mannas free fermions with wavepackets having close to
minimal Heisenberg uncertainty.

If one accepts and believes a) through d), then ittexorable result ofmerely
synthesizing all of these togetHeads one to conclude that the classical magnatiwopoles of
Yang-Mills gauge theory — specifically the soured@sa non-vanishing magnetic field flux

<ﬂ>F #0 across closed spatial surfaces — do indeed haweedhlier noted antisymmetric

ROGOB color symmetry of a baryon, and that tkﬁ_&F #0 has the symmetriRR+GG+BB

color symmetry of a meson, all as established taiden Part | of [10]. This synthesis also
teaches that employing SUEas the color group of chromodynamics is nathaice but is
required (the only choice is how to name the three mandeigenstates).So chromodynamics
is not a theory of first principle, but is a coraty theoryemerging inexorably from the synthesis
of a) through d). And if one further accepts d&matieves e), then the quantum theory which
emerges via theoretical deduction following pattegnation leads to a running QCD coupling
which matches up to Figure 1 above within experit@errrors, as established generally in
section 18 and specifically in [18.22] and Figuredf [10]. Finally, if one accepts f), then it
becomes possible to use this theory to obtain @&nt) (5.2) which is the bridge to empirical
testing. But the fact that (5.1) and (5.2) andrtlfspring (3.1) lead to all of the empirical
confirmations already enumerated here provides soonédence that this treatment of quarks
inside a baryon as approximately-free particleapgroximately empirically-valid to parts in at
least 18 AMU based on the energies it predicts. So lehaw 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 edqoé (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] which includes a complete nomdimdevelopment of the chromo-electric
charge equation, the equivalent starting pointjisagion [10.4], which is reproduced below:

TRy, ((0)), = T12[G,.G, ]((0)),

- > " ) o ) . (7.1)
=Wk (Pr= M) Vot o0 S (P MY Vgl +0 i, (1P M) vy |

The notation inzF ,
remind the reader what this means. Then (7.1) simply reminds us of the use of the sfuim
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

from the notation. So for the normalization, e N? :(E+ m), we may write the spin sum as

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

uu=( p+ m with the sum being mentally noted, and follow saitany downstream results.
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The ((0)), notation developed in section 8 of [10] tells hattthat (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 between and J,, we find thatG#(G#, Jy) is a
function of itself along withJ ,. So if we recursa time before cutting off then we denote this as

Gy((O))n. To simplify, we shall simply keep the subscfipt as a reminder thak,, 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 tensdf,, which actually net-flowsﬁi F= <ﬂ> F . —igth[G,G] # 0 across

the closed spatial surfaces surrounding the “fanagnetic source®’ = -id[G, G] =-i[dG, G

of Yang-Mills gauge theory. This is because thentadlG in the complete field strength
F=dG- i[G, G] identically drops out of any expression tgk F . This is because the exterior
derivative of an exterior derivative is zero infeiential geometryddG=0. And ddG=0 is
why in electrodynamic# F =0, which combines Gauss’ law for magnetism and Faradaw

for induction and via Gauss states that there arenagnetic charges. This is the heart of how
baryons are initially developed theoretically fréine monopoles of Yang-Mills gauge theory by
deductively combining points a) and b) above, tMaixwell and Yang-Mills are both correct

theories of nature. So if one were to start V@WF e —igth[G,G] # 0 and simply equate the
integrands,F,, = —i [G,G] # 0 would be the result. This is not the complete ¢¢8dills field

strengthF =dG - i[G, G] , but when it comes to net surface flux#,dG =0 for all the reasons
just noted that there are no magnetic monopoled at electrodynamics. Thus we shall retain
the “eff” subscript as a reminder of this, and bhefler to F,, = —i [G,G] # 0 as the “monopole-
net-flux-effective” field strength. Therefor&F,,,, ((0)), above shall now be denoted simply

F

effOuv

Yang-Mills gauge theory.

to mean the net-flowingﬁ)F # 0 portion of F in the abelian zero-recursive order of

The final aspect of (7.1) which we have not yetdssed 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
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This is the formal starting point vi& :.[”%TrFWF’”dW using both inner and outer product

traces as reviewed in this paper near the stageaction 5, for deriving (5.1) and (5.2) which are
the interface equations leading to all the empliecanections reviewed in section 6. So let us
proceed to show how this connection is made. Willessentially review section 11 of [1], but
with the revelation of a type of up and down quar&ss mixing not previously elaborated, and
with the additional clarity and perspective thehanthas gained in the two years elapsed since

first deriving this result. We begin by looking the generic expressiapy; , ( p- m)_1 Y@ in
(7.2) which is replicated three times for eachhef three colors of quark.

First, we separate propagatgs—m) " =( p+ nj/( g - rﬁ) into two parts and write:

D A o 1 AL AN A AR 2
wy[ll(p m) J/V]l/’— pz_mz - pz—n”? + ﬁ—rﬁ

(7.3)

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

WY DYl = DPWK 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

WY uP Vol = 28€,,,:0 Wy V' (7.5)

So we use this as well as the Dirac covar[ax;,t yv] =-2ig,, torewrite (7.3) as:

— -1 . 7 v Eva L@y
oy, (p-m) o = -2 eH 5 "’;%W- (7.6)

p—m

We see therefore that this generic expression centath a second rank antisymmetric tensor
Yo, which is a fermion polarization and magnetizatiovector, and a first ranéxial vector

Wwy?yyw . Using chirality language, this means that,,, in (7.2) admits to a vectov] and
=R +F

axial (A) separationF, Veff oy

ff O v AeffOuv *

Let us now set aside the axial teffp,,,, and focus on the chiral vector teff),,, in

the p> - 0 limit for which the propagators disappear andititeractions essentially occur at a
point. We refer, e.qg., to [24] at p. 257 for a k@manalysis explaining how the Fermi coupling
constant G. really is a point-interaction manifestation of \ vector boson propagator
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(9, k% / M2)/(K=-M2)" in the kK* ~ 0 limit for which G./v2=g,/8M,’

connecting the modern understanding of weak interas with Fermi’s original conception gf
decay modelled on electromagnetic interactionsindgJthe chiral vecto portion of (7.6) in

(7.2) for p> - 0 allows us to now write this matrix as:

wR l//R 0 0
mR
Foetom =2 0 ‘/’G%% 0 . (7.7)
0 0 Ye0 Ys0,Ys
rnB

It is important to see that the trace of the aleve

_ YOl W Iuls YTl (7.8)

TR cow =
veron my m m,

which has the requisit@R +GG + BB color wavefunction of a meson.

It is this matrix (7.7) which is the theoreticalipbof departure, i.e., the interface for
connecting the underlying theory with the electrest mass in (3.1) a.k.a. (5.3) and the various
nuclear energies elaborated in sections 5 and tBi®fpaper starting with (5.1) and (5.2). So
now, with the benefit of two years of retrospectperspective including the many empirical
connections enumerated in section 6, we shall édteithis connection which was originally
uncovered in sections 11 and 12 of [1], between) @nd observational mass and energy data.

As reviewed at the start of section 5, the enefgyure gauge fields in Yang-Mills theory
may be deduced by taking :”I d*xi Tr F,F", and TrF,,F* may be taken via both an
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 produazt:
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%TrFVeffO,uv O I:Vef'foljv
lZRaﬂva ZRUIUV[/IR + ZGJ;IV[//G EGJW‘//G + E BU#VwB ZBUWI/IB
my m, m m m g : (7.9)

+2 aRJ#V"[/R ZGJW(//G + ZIZGaﬂva QZBU"W/B + ZIZ Baﬂva JRUIJVI/IR
Mg ms m, m

n R

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

1TrF

2

Veff o Fyerie” =2 ZRJ”VI/IR ZRJ#W/R + EGUW[/IG JGUW[/IG + EBJ”'/(/IB aBawa (7.10)
Mg Mg m; n m n

So the inner product has pure-color RR, GG and BBlycts of the rank-iawz// tensors while
the outer product supplements these with RG, GBBRdross-color products.

Next, we refer to sections 7 and 8 of [1] as atsoeewed 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 quarkat is, RGB - duu for the proton and
RGB - udd for the neutron. Therefore, (7.7) with these gasients is used to specify the
chiral vector “V” portion for both a protorP] and a neutronN) field strength:

wd (/Id 0 0
my
R petrow =2 0 wuiiku 0 , (7.11)
0 0 aua,uvl/lu
m,
Euo—vau 0 0
m,
I:V NeffOuv =2 wd rnd wd 0 (712)
0 Yo Y994
my

50



J. R. Yablon

This is the first place at which the up and dowrrent quark masses and wavefunctions
enter the picture. This means that the outer prodlaces:

%TrF\/ PeffOuv 0 I:V PeﬁOﬂV = Z[wd(::ded l//dar-::wd l//u r:avw l//da-r:;/wd l//u %w wua—:;wuj ’(713)
v gt W g w ot
%TrF\/ NeffOuv D I:V NeffOﬂV - (wu rr;{JVl// wuar-nj l/Iu l//u r:avw ll/da.na wd * 4l//d :@de wdaml//dj (714)

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

1TrR

V Neff Ouv

O Fy o™ —3TIF

V Neff0 V Peff Ouv

OF,y pgd” =2 S‘ZdeV‘/ld Edﬂ’”l//d _ l//u g, Y. JUU’”% .(7.15)
my m m m

itis (7.13) which eventually turns int, = (m, +4/m m +4 m) /(27)? in (5.1); (7.14) which
turns into E, =(m, +4,/mm+4 n(]) /(277)% in (5.2); and finally, (7.15) which turns into

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

should closely make these respective comparisagsause these is how the structure of the
theory that protons and neutrons and other bargwasthe chromo-magnetic monopoles of
Yang-Mills gauge theory bleeds through to (5.1)2)&nd (5.3) which become the basis for all
of the other empirical relationships heretoforaeeed.

Specifically, as will now be reviewed, when we ugé.13) to (7.15) in
E:J'J]%TrFWF”Vdgx, carry out the integration, and then establish rtbanalization of the

Dirac spinors by comparing the theoretical energgults to empirical data (“empirical

normalization,” see [1] after [11.29]), we uncoverm mappings/, Wl// z,au oW, /m? = m,
YO, Wl o0, Wl mZ = my and @0, .0, mm=mn, together with the

(277)% :\/277 divisor which emerges from thie :J'J'I%TrFWF”VdW 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 iréegls in E :”_[%TrFWF”“d3x will
yield combinations of three distinct termisE,, = J“ dxy 0 oY, w, o,/ m? which is a pure
up / up term, 1E,, —J'” d*xy o Wz//dz//d o,/ m? which is a pure down / down term, and

3 Euq m d3>q//u o, Zdaﬂvwd/ m, M, which is a mixed up / down term. The factorjofs to

account for the overall factors of 2 in (7.13) thgh (7.15) so we are comparing energy numbers
on an apples-to-apples basis. These terms are wiegghted within the overall energies
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E=([[[4TrF,F*d°x via the constant coefficients 1, 3 and 4 variougppearing in (7.13),

(7.14) and (7.15). And these also become the tgndosages” in the “toolkit” first referred to
after (6.7) which physically are later understoodbe the energy dosages emitted from nuclei
during fusion events. So, for example, we eartipoke after (6.8) of how nine (9) energy

dosage®,/m,m, /(27'[)1'5 are emitted as energy whéte is fused with two protons to creéte
with the same number of nine (9) up / down quaikspand of how fifteen (15) energy dosages
15/m, m, /(277)1'5 are emitted whefiBe is fused with two protons to creafki 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
JBe+2p- B+ é+v+Energy there fifteen (15) emissions of the energy dosage
3B = [[[ d®>9,0,08,0,4, mm, one such dosage associated with each pair ohdp a

down quarks. So now, let us review how this cotinoe@ets made.

We start with the generic expressidrE = I ” d*spo, pyo,p 1 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 in(//(x) so to go any further with this calculation we muosike some supposition

about the spatial-dependencygal(x). We can choose from a number of possible funstio
e.g., Lorentzian, exponential, Gaussian, etc. dddany function may be used, whether or not it
is radially symmetric, provided it is renormalizalbdnd so finitely integrates when placed in
sE :J'J:f d3>«/lawz//(/lawz/// 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 wavefunctiaft)=u(p)(n/ nt) 7sexp(—% nt( r- 5)2)

where m generically needs to be a number with mass direa8ty andr, 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 te#ony observed might emerge from this

calculation. Again, other exploratory choices fiofx) are also possible.

Now, a Gaussian is the standard expression usedptesent a minimum-uncertainty
wave-packeto,o, =%/2 (not >) and thus is associated with free particl&», one may ask

whether this “freedom” is suitable for quarks whiahe confined. But quarkare in fact
asymptotically fregso aside from the “edge” region of a nucleon @arA,., as discussed in

section 2, a free-particle Gaussian could be a ggaatoximation to an “approximately free”
fermion such as an asymptotically-free quark. Als@ve-packets such as the foregoing
Gaussian with a standard deviation comparabledis €@ompton wavelengthh =7/ mc contain
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negative-energy amplitudes indicating the presefi@tiparticles. But we know that nucleons
are teeming with quark / antiquark states, exhibite more clearly than through the manifold of

gq meson jets emitted under any substantial scagtemmpact. Finally, the Compton
wavelengths of the current quark masses are oarttex of 40 Fermi for the down quark and 85
Fermi for the up quark, which exceeds ~ 2 Fermgtlerscaler, =7/c/A ., =2.1780 fm of
Noco By more than a full order of magnitude and so édieout” from the proton and neutron

even though the quarks are confined. But as nattélde end of section 11 in [1], see also after
(6.16), the Compton wavelengths for the constitientcontributive quark masses are less than 1
Fermi which places them well within thg length scale. And what we learn in sections 5@&nd

is that although the current quarks are confinkdir tmass values are the central drivers of the
energies which do pass in and out of nuclides arateons during fusion and fission events. So
while nucleons do confine quarkbgy do not confine energieand the energies they release are
driven directly by the current quark masses. Tdnes can acquire some qualitative comfort with

a Compton wavelength that extends beyondy over 1 order of magnitude given that the same
wavelength drives the energies which also bleedfromt the nucleons. So we cease playing
“Hamlet” over whaty (x) to use, we keep in mind that differegi{x) can be tried and that this

might be an interesting exercise, and we go b= ”.[ d*swpo,wwo,w i nt with a radially-

symmetric Gaussian for whiclr,o, =7/2 (or slightly larger if not a perfect Gaussian for

perfectly free fermion) and with the Compton wawejhs of the current quark masses setting
the spatial spread, simply to see what comes diétthe results make some approximate
empirical sense to some degree, then what we rawe will be seen to be approximately correct
to the same degree. If the results are contraditted we must try something else.

For this Gaussiamansatz p=J° :zZyow:wTw:(m:“/n%)exp(—mz( r- 5)2) u'u is the
probability density. The Gaussian integtﬂfd?’x(nf/n%)exp(— nt( r- 5)2) =1 tells us that
the spatial dependency integrates to unity, soﬁﬁal"'xp = w’u= u u Therefore, we now set
w(r)=u(p)(n/ nf)"'75exp(—% nt( r- 5)2) in 1E=|[[d*wo,pyo,wint four times which

yields fourth powers of the terms inside(r), and we remove the space-independent terms from

integral. We then make use of the mathematicaolution
jjjd3xexp( 5)2) =(7 12 In? for the Gaussian integral, and finally reduceugh
-3
1 = [[[ e bOnlYout = L[ 2] e, ] @ eof-21( ¢ )
(7.16)

:iﬂzs(sziﬁ U, U= M o uw. u
m* mr)\2) n? Yoo
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So we see how this integration converts the pumageand also injects éZIT) divisor via

Yo WW T W M= m,/(27)* and WO, W W0l Mme = m,/(277)*. The (27)?
which was laced throughout the empirical calculaio sections 3 through 6 is therefore seen to
have its fundamental mathematical originsﬂgﬁd3xexp(—2Ar2) = (77 / 2A)% which is the three-

space Gaussian integral, and in the normalizatidgheospace-dependency. And we see that for
some different, not-Gaussian, normalizatﬂéx) with fourth-power integral.”'J'd3xf (x) =M,

whatever factor appears in place ((ﬁn)% would be driven by and the normalization of the
spatially-integrated probability density to unity.

Because Dirac spinors are a function only ofu(mp) and notx, the final term
GO'WUIUW uin (7.16) above is a function only of mamssnd 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)? [, uw,, L

makes sense in relation to an observed energyssgies. So we return to (7.15) which contains
only pure up / up and down / down terms, and bexafsthis we can now use (7.16).
Specifically, combining (7.15) and (7.16) enablegaiwrite:

EA = E/NeffO - E\/NeffO :'U d3 X%Tr I:\/NeffO,uv D VNef‘fO '”J- d; )%Tr V Reff Quv D FV ReffOﬂV

I 3 Jda Wy a O'Wl// 3 Y.o.¥, l// O'WI//
:23 d M d d _3 d H u u . (717)
| ST | BB |

3 3 - —
=2 —érnduda-;zvl'{i uda-;zv b=—>—=m L{p-,uv Y l'{p-,uv ltl}
(272)" (272)°

This E, represents the energy difference betw&ty, = [[[ d*x: TrR g, O Rerd” for the

neutron and proton chiral-vector, monopole-net-#ifective, zero-recursive-order pure field
strengths (7 12) and (7. 11) And it will be seleat if we normalize the Dirac spinossch that

uqo,, Uy = uuaw Y, ug,, y=13, (7.17) will reduce to:
3
Er = B/ netro = BEvpetro = 3 ( m, - m) (7.18)
(277)

This is (5.3) a.k.a. (3.1), the first of the twanpary relationships upon which all of the empirical
results from section 3 onward were based.

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)d(7.18) using the PDG datg, =2.37! MeV
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and m, =4.8%3MeVand 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 subject to
further independent confirmation which was subsatiyesuccessful in the other ways

enumerated section 6, ththis energyE, = E, .o — E, rerro IS IN fact equal to the electron rest

massbecause in the zero-recursion abelian limit Wf@[ﬁ((O))o :(k,k’ - nf+ is)_l J,, all of

the interactions which gives rise to the observeutnon minus proton mass difference have been
turned off. Thus (7.18) is a relationship whicmi@ins only a “signal” from bare current quark
masses without gluonic interactive “noise.” Andhwonly signal and no noise, it is sensible that
the neutron “signal mass” would differ from the fmo “signal mass” by precisely the mass of
the electron, as has been discussed earlier in depth following (5.3).

So this data concurrence is what motivated theaauthsetm, = E, = E, \.x0 — B mrro
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]fo[l] that the dimensionless quark
normalization coefficient has the formN2=ﬁ(E+ m)/2rr, and specifically, that

N,?=+(E+m)/2m and N,*=—2(E,+m,)/2m for the up and down quark spinors

respectively based on the conventional spinor digfin u®" = N()((S) )((gam)/( E+ n‘)) It
is also of interest as discussed in Figure 3 othiai when we empirically match up (7.18) with
the electron viam, = E,, the deduced4! constant in the divisor of the fourth power

normalization coefficient happens to coincide witle precise number of fermions known in
nature: 4=3+1 colors of quark plus lepton (leptestuin GUT parlance) times 3 generations
times 2 isospin states up and down. Which is ¥ isanakes independent sense for each of 24
flavor / color / generation fermion types in nattmecarry a 1/24 coefficient in its fourth order
normalization. It is highly intriguing that by maalizing (7.17) to have (7.18) empirically match
the electron rest mass, this 4! is precisely thiesdr that one deduces.

Now, if E, = E, yero — Evrero @PPeaArs to produce a close empirical result, oightm

expect each of the neutron and proton signal ee®fgj, ., and E, ., t0 also have some
meaning in relation to something what is observ8o. the next step is to study these energies.
But as noted after (7.15), the mixed enerp¥,, = [[[ d*w 0,00 ,0,,4,/ m m, needs to

now be calculated because these mixed up / dowgriawtds appear in (7.13) and (7.14) for the
proton and neutron field strengths. So similarlyo t(7.16), we employ

W,4(r) :uuyd(p)(ﬂ/ 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 tgfm,m, with mass dimensionality of +1 we obtain:
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1B, = mdsx"”u%‘f{ﬁwﬂd

-3

il () sl el W)+ 1)

1 2 \2 2% T %_ _
:mjmj(n;;j (r?;j (mz_'_ mZJ LluO'WlJuUdUWlJd

M( m,m T—

77'% mf+mj2 U0, U, U0, Y

(7.19)

Solving this Gaussian starts with the mathemasoéltion de%exp(—n?( r— 5)2) =7 Int
from which we obtainﬂ.[d3xexp(—(rn,2+ ngz)( r- @;)2):772§ /( 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, = r 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 dimensionalm looks a bit complicating at first. But any tima a®+b* shows up
somewhere in a mathematical expression we immdgiateow we can place vectors with
lengthsa andb at right angles to one another, specify an angté = a /b, and usea® +b” as
the “invariant” hypotenuse. So it looks like thasesome angleH:arctar(m /m,) which
needs to be understood. Importantly, we also Ir¢lsat in electroweak theory there emerge
similar expressions of the formm,m, /( m? + n;f). Specifically, we recall that
g, sing, = g, cod,, = e wheree is the electric chargeg,, is the weak chargeg, is the weak
hypercharge and], is the weak mixing angle. And we recall thathe tourse of calculating
from this one arrives asing, co¥,, =g,9, ,(ng + gyz) where g,* = g, + g,% is the charge
strength of the Z boson with a malgls, =3v. g, wherev, is the Fermi vev which enters by via
of spontaneous symmetry breaking using the Higglsl.fi So them, m, /( m? + n;]z) appearing

in (7.19) seems suggestive that there is a mixmgeaanalogous to the weak mixing angle
which rotates between the up and down quark madsstsus now explore this connectiaich
the author has not presented explicitly in any iearpapers As the discussion of this angle
proceeds, the reader may find it helpful to redeFigure 3 following (8.22) below.
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8. First Generation Quark Mass Mixing

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

m, Sind=m, coY = 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, /m’+ m® and thus:

sindcogg=—ut - MM (8.2)
mi+m? m

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

analogy to the electroweaty,” = g,’ + 9,>. So we can use (8.2) to remove the masses frism th
factor and instead express it in termsdof Thus, using (8.2) in (7.19) we have:

3

1E,, = [[[ @ xZ0elsl oTple LN (gjn g cosp)’
m, m, i

aua-,l.n/l'juzldo-/.(v ud (83)

If (3.3) and (3.4) are indeed the empiri€@ak 0 quark masses in the EPN measurement scheme
discussed section 4, then these can be used teeltiw = 0.453 236 693, therefore the mixing

angled = 24.381 777 8°. Additionallym, =./m?+ m? =0.005 78076 = 5.386 90110 Me
may be deduced.

At this point, we have all that we need to rettmn(7.13) and (7.14), use them as
integrands inE = [[[ d®x4TrF,, 0 F* for each of the protork, n,;, and the neutror,

and thereby calculate associated ener@igs,, and E,..4,. Inserting (7.16) for both the up
and down quarks and the mixed-quark (8.3) into 4).&nd (7.15), then forming
E=([[[d*x3TrF, O F*, we obtain:
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B perro = J.J.J. XTI R perow O R perrd™

_ 2J'J'J'd x ‘//d ‘//d l//da-ﬂ ¢’d wua,uvl//u ZdJW‘/ld + 4auaﬂku JUU‘”% ,(8.4)
m m m n m
=2[&3u T, Uy Uy, Uy + 4T (506 coB) U0, 4 U0, Y+ 4 yo,, y ug, u}
277) Vg (2m)?
B Nero =” EX3TrR weow O Foneno™
= 2J.J.J.d3x aUa-,ul/ll[/u Zuaﬂvw wu ﬂvw Zdaﬂvwd + 4Zd0-,uvl//d adaﬂvwd (85)
m, m, m m n m
=2 " 4,0,,,0,0, U+ 4 (sin cod)! 4o, Y4 WO, Yt A r 4o, Y Ug, Y
(2r) " (2r)

Next we apply the empirical normalizatia?n,awudﬂdaw Uy :_ulp'w LL_UUUW y,=3 used
after (7.18) to associate the deduced energy diffs¥E, = E, s, — E, 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 tei),* :ﬁ\/(Eﬁ m,)( E;+ m)/(2 m)(2 ny) turns out to

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

uuawuuﬂdaw u, =4 for the mixed term found in (8.3). Applying afl these normalizations in
(8.4) and (8.5) now leads us to:

E, perto :” X3 TIF, petro O Foperd™ = i 7+4 mJ,sn11 (sin@ CO§)% + 4%’ (8.6)
(ny 7 (2n]

EVNeffO J.J.J. d3 1TrF\/Neff0;1v FVNeffOﬂV = rnJ 3 +4 rnjnh (Sine CO§)% + 4&; ) (87)
(277-)2 ]-[-2 (2”)2

For the special cas8= 77/ 4= 45, we have(siné cosﬁ)g = 1/2, and these will reduce to:

(m+aymm+4m, (8.8)
" (mraymme+a ). (8.9)

B, perto :j_[_[ XTI peow O Foperd™ =

()%
“(2n)

E\/Nefro:” EXETrR werow O Foneno™ =
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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,, /m,m, and the foregoing divided b(/Zﬂ)%. 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 elevatedd & 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 vey and the CKM mixing matrix are brought to bear, to
the proton and neutron masses themsehidsn 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 enafliyiaccurate relationships to high degrees of
precision. But there is only one problem: to gentf (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 theruquark masses (3.3)
and (3.4) that it would be equal flo= 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

(sin@ cosd)* which specializes tdsind cosd)’ = 1/3 for 8=/ 4= 45, then that means that
we need to retain the mass mixing over the cirate wass radiusn, 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 andrdmasses 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 now introduce a new angledefined suchp=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 implicationp=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
there is a rotation occurring between the up and down quadsses which maintains a

m, =5.386 9011 Me\ hypotenuse, we shall defigein terms of theQ=0 up and down current
guark masses by way of the mixing relationship:

[:WDE[—C;?; csézmggg ' (8.10)
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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 tdrr 0.453 236 693 anl= 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 nownddli= 77/ 4+ ¢ as the general relationship

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

sin(77/4+¢) =4 (cosp+ sip) and cos(7 /4+¢) =L ( cop- sip) and therefore that
sing co¥ = si{rr /4 ¢) cor /4(0)—5( cOp- ﬁrp). Consequently, we may use

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

1
Eyreio = [[[ @ X TR peto O Fmend” = g(md+41/ m(cos g~ sif ¢)" +4 m), (8.11)

EVNeffO III d3 XLTI' F\/Neffo;zv I:V NeﬁOﬂV = )g ( nL+4\/ nL n]j(COSZ ¢)_ Slrfqﬂ)% + 4 na) : (812)

(2m)?

Here the empirically-supported (8.8) and (8.9) m@e transparently visible, and wher=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)

with the consequence th&tnys =m, /m, andy = 24.381 777 8tompare 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:
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m, m,
m* + m,?

= rr:;}rzr(] =sinzg 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 o# we would transform
m, sin/7 = m, cog7 = m to m,sing’' = nj cosy’ = m and use (8.10) to substitutg,, and m, .
To relate back to the redefined angleve may then also use=6-m/4, apply the angle
difference identities and consolidate. All thiadbkes that:

m, sinp = m, cosy) = Ny sim’' = ) cog’
= (my cosp—m, sing) sim’' =(m co+ m si@) cop (8.15)
— 1 _ . . r_ 1 o ,
=2 ((my = m,)sing+( m+ m) cod)sing' =%(( g+ ) siB-( - ) ced) oy

Therefore, the mass ratio angléransformsy - 7' with changings andé and so also runs with
Q according to:

”,:ﬂ: mcosp+ m sinp _ (m, —m,)cosd+(m + m)sing (6.16)

_m
tang = -2 , t
ani m, an n, mcosp- msng ( m+ njcosd+( m- Psing

Finally, to complete this development so we maw tuack from mathematics to physics,
we may also use (8.10) in (8.11) and (8.12) toesgnt the transformation of the proton and

neutron energiest, pero(0) = E vpero @Nd Eynero (0) = E v nero» NOtING that in the unprimed

Q=0 state,p=0 so cos’ g— $n’p=1:

E, perro (0) = (2717)2 m, + 4,/ m, m (cos2 @— sirt go)% +4 rra)
. Eﬁ(n@ 4T (co¢ g sirf ) +4 1) (®.17)
7T 2

[NI0Y

:L{md(cosqﬁ 4sinp) + Z\l/mjrn,( cosp- sﬁrp)+( n’ - rrf) sip ca&(coszqo—s'nzqo)%
(277)* | +m, (4cosp-sing)
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Ey e (0) = — m, +4,/m,m (cos’ g~ sirf¢)§+4na)
(27)°
~ Euero™ | M+ 4T (o8 - sitt g) + 4 1) (©.18)
(27)'
_ 1 m, (cosp— 4sinp) + Q/mj m( cosp- s?rw)+( m’- rrf) sip caz(coszqa—s'nzrp)%
(277)% +m, (4 cosp+sing)

Similarly, we may also examine how the electrort reassm, = 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
(2n)

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 ceations 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,, so (8.17) through (8.19) immediately reduce to:

m,(0)=-—=(m-m) - m= (M- = ( mi(cosp- sing)- nf sip+ cog))(8.19)

(2n)

1 1
E'\ petro™ Evpeﬁo:W(md'“l\/ mm+4 m), (8.20)
1 1
EVNeffozEVNeﬁOZW(”L"'A'\I ”Lnl+4n8)' (8.21)
. 3
m.=m= 3(n']j— rra) (8.22)
(27)?

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) a8=7m/4+¢@. And in the more general case, 9e=0 quark masses
can be rotated via (8.10) through a circle with asshypotenusen,, the proton and neutron

and electron energies transform via (8.17) thro{@h9), and the mass ratio angjetransforms
via (8.15) and (8.16).

All of the foregoing definitions of the anglésé ands, and the interrelationships of these
angles with one another as well as with the quaassesm, 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

Now let’s briefly review what may be learned fro&1) through (8.22), and then let’s talk about
the broader physics within which all of this fits.

By noticing that them, m, /( m? + n;f) 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, andm, via some anglé as there is betweeg, and g, via the electroweak mixing
angle g, in electroweak theory. In (8.3) we see how thigimg enters in the form of the

3
2

(sinf cod)* factor. But we see in (8.8) and (8.9) thét 77/ 4=45 is the specific angle

which matches the empirical data, which contradioesdefinition (8.1) from which we dedué@e

= 24.381 777 8° from all of the empirical evidemegiewed earlier. So something must give,
and in science, empirical validation certainly mlpeecedence over how we first define an angle
which definition can readily be rotated to matchaivis observed.

So to explicitly and concretely reconcile both emdsthis seeming contradiction, we
separate the appearancesifid co® in (8.6) and (8.7) from its connection (8.2) t@ thuark
masses because the empirically-accurate resufes flibm (8.6) and (8.7) simply by a rotation
in the definition of the mixing angle against theack masses. In other words, we treat
sind cod as being independent of its original mooringsar2), and allow its relationship to the
quark masses to be redefingdhout at the same time touching the other quaakssrtermsm, ,
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Jm,m, andm, appearing in (8.6) and (8.7%0 long as the redefinition takes place somewhere

on the circle of radiusm, =\/m?+ m? which we now know exists mathematically. So we
retain the rotations with radius, which we are tipped off about per above, and weaisew
angle ¢=6-/ 4 to define rotations from the observed current kgumasses via (8.10) which
then enters (8.11) and (8.12) in a fashion thahae transparent in relation to the empirical
nuclear springboards (8.8) and (8.9). The origmgir), /( m? + n;f) which tipped us off to all

of this now is redefined in (8.14) in terms of amg= 24.381 777 8° angle.

But now let us talk about these angles themselbesause there looks to be some
interesting physics here, which seems to bringack hull circle to the start of this paper when
we first asked whether there was some sensibletavdgfineQ=0 masses for the up and down
current quarks when the quarks are confined andasonever be directly observed without
applying aQ>0, and indeed, roughly @ > A,.,. We established in section 4 how this could be
done with the Electron, Proton and Neutron (EPNieste, but have never reached the question
— even withQ=0 masses properly established — how these masghs mn 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 mass0. 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 ang#,, 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 defimit (8.1) and its implied (8.2) and
replace it with (8.10) solves two problems at ontteenables angles to be defined in relation to
the up and down current quark masses to match thptiae empirical data, and at the same time

it takes advantage of the rotation first noticemvfrm, m, /( m’ + n’f) to explicitly start with the

EPN-definedm, (0) and m, (0) Q=0 quark masses and then rotate thenmfoand m, as in

(8.10). So what do these “primed” masses, andrthey other “primed” nuclear energies that
are functions of these masses, represent? Siece thust be only one uniq@@=0 mass for a
quark or an electron or a proton or a neutron aueeus, once we now have afy and mj

which aredifferentfrom m, (0) and m, (0), they can no longer be ti@=0 masses. So it would
appear that all these can be are @& 0 masses, that is, these must g = rnj(Q) and

m, = m, ( Q) This gives us a way to parameterizegji&ow these masses and indeed all of the

empirical data run with the energy sc@le This is highlighted especially by (8.16) in wihiwe
have defined; to replace what was the original roleofight after (8.1) as the arctangent of the
up-to-down mass ratio. We see in (8.16) that a running ratio of the quark masses, burois
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the driving parameter as to running wih It is no different in this way from the electron
proton or neutron masses, or form the nuclide nsasseRather, it is qo(Q) and

6(Q)=m/4+¢(Q) which are the parameters which directly drive to@ning. So the
redefinition to match the empirical data also spawarrunning ratio angle which runs withQ

but is not the underlying parameter for runningd &amo angles) and ¢ which are in lockstep
with one another differing by a constam which are the underlying driving parameterstfa
Q-running of everything else. We do not in this g@apeek to ascertain how, precisely, these
anglesd and¢ run withQ. That is the subject of some different sets gliries. We merely
wish make clear that it appears likely that they dbis apparent running behavior emerges from
the redefinition of angles in (8.10), and the &piio match up the empirical data likewise
emerges from this same redefinition. Two problamssimultaneously solved.

One other point must be noted as well. The faat the up and down quark masses
appear to be rotated via (8.10) based on what mppeas to be some to-be-determined function

of ¢(Q) suggests thatn, =,/ 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 occasionsignsgttion

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 igelinto 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 phase’(Q) are also expected to run wi) 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° changbut so too does then,; radius

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

such that as the angleg, 77, and, for each generation are rotated due to chan@ngo too

do the radii change, and as one or two of the ragpand, the third one compensates by
contracting, all in some presently-unknown intetieinship. So these may be less circles than
spirals or perhaps some mathematically conic sectihich likely converge in some way at
GUT and highe® scales.
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9. Theoretical Foundations: How the M agnetic M onopoles of Yang-Mills
Gauge Theory are Populated with Quarksto Reveal Baryons and Mesons

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

direct deductive consequence of the thesis thabpsoand neutrons and other baryons are the
chromo-magnetic monopoles of Yang-Mills gauge theds the theoretical expression which
provides the “interface” to be able to make emaplripredictions. One then uses (7.7) in

E:J'J'I%TrFWF”“dW to be able to deduce energies, and after a fatl dalculation using a

Gaussiaransatzfor an approximately-free fermion as explaineema{7.15), and the discovery
and interpretation of intra-generational mixingvbe¢n the up and down current quark masses
reviewed in section 8, one arrives at (8.20) thro(®822) which form the basis for the broad
range of empirically-accurate relationships devetbpnd enumerated in sections 5 and 6. This
is how the theoretical results captured in the npoienet-flux-effective, zero-recursion field
strength F ,, connect to expressions which can be used for éapwalidation via certain

predicted energies driven by the current quark sgssso in effect, this paper has now shown
the manner in which (7.7) foF ., leads to multiple empirical concurrences with agea of

nuclear energies which connections have never kaewn before. So now, having largely
worked backwards from measurement definitions tpigoal results to the theory-to-experiment
interface, we come to the final question as tathieeretical origins and foundations B, in

7.7).

The fundamental theoretical starting point is ésagnize that in classical Yang-Mills
gauge theory there is inherently a non-vanishingflog SfjﬁF #0 of “magnetic fields” across

closed spatial surfaces, as first communicatedi@] [of [1] and thereafter reiterated in [3.3] of
[10]. This is in contrast to electrodynamics fdmnigh c_[:j)F =0 and so for which there is no net

magnetic field flux across closed surfaces. Isgilzal electrodynamics, electric fields terminate
at an electric charge and magnetic fields are atainclosed loops. As was initially made clear
in [2.4] and [2.5] of [10], when expressed in diffetial forms, just asddA = 0 in
electrodynamics wher& is the vector potential one-form associated in Qi photonsDDG

= 0 in Yang-Mills theory wher& is the Yang-Mills vector potential one-form whigh QCD
becomes associated with the gluons &nhds the gauge-covariant extension of the exterior
derivative. The former is an identity of differeitforms geometry; the latter a Jacobian
identity. So formally speaking there are still @lementarymagnetic monopoles in Yang-Mills
theory either. But there is a non-vanishing “fauxionopole density three-form

P'=-id[G,G|=-i[dG d which arises exclusively as a composite object ¥ia non-
commuting nature of Yang-Mills theory. This doest mxist, i.e., it is zero by identity, in

electrodynamics. (Reference [10] in present dsttes thatP’ = -idGG; this is an error which
will be corrected before this paper goes to formablication.) So when expressed in the

integral formulations of Gauss and Stokes, this)bmssf:ﬁF = —isf:ﬁ[G,G] = —im.[dG, G #0,

which is non-vanishing. This means that these mggffield analogs which we have referred to
throughout as the “chromo-magnetic monopoles” oh¢Mill gauge theorydo exhibit a net
flux across closed surfaces In electrodynamics everything commutes, so thalagous

66



J. R. Yablon

expression(ﬁ) F= —i<£f>[A, Al = —im.[dA, A =0. This is why classical Yang-Mills theory gives
us 4:_‘5 F # 0 while electrodynamics gives uﬁ) 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 abelian theory alone, one nhgdieve that these non-abelidi #0 and
cﬂSF # 0 exhibit some manifestation in the physical universgéhe only question is how these

are manifest. The author’s fundamental thesitias _f”[dG G| # 0 manifests as baryons and

<ﬂ> F = —i<ﬂ>[G,G] manifests as the meson and energy fluxes in andfdaaryons, for example,

through all of the nuclear binding and fusion eresgeviewed in section 6 here. It is the field
strengthF appearing inc_g)F #0 which eventually becomes the ,, for which we then

calculate energieg = ”J'%TrFW F#'d*x for both the proton in (5.1) and neutron in (Bag)well

as the difference between the two which becomesltwtron rest mass in (5.3). And it is from
these energies that the empirical connections ed#dxb throughout this paper ultimately then
emerge.

So now the question becomes how to “populate” eéhssn-vanishing faux monopole
entitiesc_g)F = —ic_":_“)[G,G] = —i_m[dG, G| # 0 with quarks and show that they manifest through
baryons and mesons. Referring back to sectionrd, ménile a) Maxwell fomagneticcharges
and b) Yang-Mills get us to these net-flowing magnéelds SfjﬁF #0, it is a) Maxwell for

electric charges, c) Dirac theory and d) Dirac-Fermi-PauiclEsion which when deductively
synthesized with the foregoing, demonstrate thaséhmagnetic monopole entities have the
correct color attributes of baryons and mesonsis Was originally communicated in section 5
of [1]. It was later elaborated in section 9 o] 1o establish all of the non-linear features of
these monopoles and at the same time show the rolenbghaviors in the abelian limit as
discussed following (7.1) here. Let us now revieow the compositéaux magnetic sources

P'=-id[G, G =-i[dG { of these magnetic quxe#%f)F # 0 become populated in the abelian
limit with exactly three fermions which have thdarosymmetries of quarks.

Briefly, while the classical field equation for YguMills electric charge
*J =D* F =D DG expresses the current density differential thoeeaf*J as a function of the

gauge fieldG, namelyJ(G), it is desirable to invert this field equationitstead express as a
function of J, i.e., as the functiorG(J). By way of contrast, in electrodynamics the abeli
equation is the three-forrhJ = d* F=d dG, and the often- written inverse, which is the zero
recursion inverse in Yang-Mills gauge theory asdadfter (7.1), isG , = (k,k’ -nt+ is)_l J,.
Then, by what is effectivelg merger of both of Maxwell’s classical magneticl atectric field
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equations into a single equatiobne can advanc@F :—i#[G,G]:—i”ﬂdG, G]#—O to

cﬁ‘)F = —i@[G(J),G( J)] = —i_[”[dG( J, q J)] # 0 for the Yang-Mills non-vanishing net
monopole fluxes, which we refer to as “Merged-MakweBut by Dirac, we know that current
densities may in turn be expressed in terms ofiterwavefunctions] () via 37 =gy . So

now we advance @F = —igﬁﬁ[G (#).G(w)]= —i”_[[dG((//) ,G(¢)]# 0, and the monopole

entities contain fermionarrived at via Merged-Maxwell, Yang-Mills and Dira

How many fermions? In the abelian linear limitcledaux monopole entity contains
preciselythreefermion eigenstates. At bottom, this emerges ftioenfact that the faux magnetic

charge density P'=-id[G,G| =[G, d§#0 (with G(J(¢)) after advancement) is a

differential three-form So if this monopole “system” contains precisetyee fermion
eigenstates in its linear limit, then by the Ex@uasPrinciple, we must place these fermions into
three distinct eigenstates. We then use the gguoyg SU(3) to enforce Exclusion, and now the
only question is what to name these distinct eiggaes, which naming is arbitrary. So we
choose R, G and B, call this color, and nboe SU(33 color group of chromodynamics naturally
emergesas a corollary to merely synthesizing Merged-Makwghang-Mills, Dirac and the
Exclusion Principle together all at oncd&he rank-3 of the monopole three-form once paedia
with fermions via the inverse of the electric clargquation (again, a merging bbth of
Maxwell's equations into a single equation plus tise of Dirac theory) converts over into the
dimension-3 of the chromodynamic gauge group, an@B) is seen not as a fundamental theory
but as a corollary theory rooted in Merged-Maxwélrg-Mills-Dirac-Exclusion.

Once color is assigned, as first communicated ¢ticge 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

the TriF,, ((0)), = Tiz[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 eaaeequation (7.1) here (see also [5.6] of [1]),
we also obtain the starting point for connecting ttheory to its means of empirical confirmation
by calculating the energiet = [[[4TrF,, F*d°x. The very same equations (7.7) and (7.8)

which reveal to us the color wavefunctid®R + GG + BB for the mesons which flow in and out
of baryons and hold together the nuclei, also gisehe basis for quantitatively studying the
energies which fuse and bind the nucleons intoenuclo see this, just go to (7.7) from which

we usedE :_[” d*xiTrF, F* to derive energies which led to the empirical lissin sections

5 and 6, and look at itfR + GG + BB color-neutral trace in (7.8). This is the mainsgroads
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 of J we are unable to obtain a sim[ﬂia(J) except in the abelian limit of Yang-Mills
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gaugetheory, WhichG(J) is G, :(k,kr -nt+ is)_l J,. In generalG is a function not only of
J but also of itselfG(J, G). So if we are looking for an expressi@{J) which does not self-
feed via G(J,G), then as first detailed in section 8 of [10], weed to treatG(J,G)

recursively We feedG(J, G) into itself as many times as we wish — anywhevenfzero times

to an infinite number of times — and then cut off durther feeds by setting a perturbathno
zero. Doing this “zero times” expresses the ahélrit which puts the “0” subscript ifr ,, -

On the other hand, self-feeding an infinite numbktimes is the behavior ascribed to nature.
For human beings and their computers doing norafi@alytical or numerical calculations to
some acceptable level of precision, one would secarfinite number of times, whether 1 or 2 or
5 or 10, or 100 etc. and then study those resuis.this recursive approach enables us to as
detailed in section 9 of [10] to describe theseytwarmonopoles in terms of their natural
condition with infinite recursion, and to also take abelian limit of zero recursion, as well as to
do in-between calculation and analysis. The emglitonnections we have developed here to
nuclear binding energies are all developed from zkeo-recursion limit, and their close
concurrence with empirical data informs us thatdhserved nuclear binding and fusion energies
are expressing “abelian signals” from the nuclewhgh need to be “decoded” as in sections 5
and 6 to teach us about the “nuclear genome.” @nother hand, the complete proton and
neutron masses and the constituent / contributinglkgmasses discussed in point 11 in section 6
tell us about all of the non-abelian “noise” whitten overlays upon these abelian signals in the
infinite recursion limit to exhibit the observed ssas and other properties of nucleons as
complete nucleons.

It will be appreciated that all of the foregoingkes use only of thelassical Yang-Mills
field theory We have not yet discussed or resorteduantumYang-Mills field theory. But
because Merged-Maxwell-Yang-Mills-Dirac-Exclusioreraly impliesclassicalSU(3): and this
is what gets us to the results in sections 5 ailki$ means we have not yet needed quantum but
only classical chromodynamics to obtain all thestheesults. So while one might approach the
empirical concurrences we have laid out in sectbasd 6 here under the assumption that they
cannot be obtained except by a quantum field thetrg results here reveal — perhaps
surprisingly — that this is a false assumptionl dklthe empirical results enumerated in sections
5 and 6 are based a@tassical notquantumYang-Mills field theory. When we finally do wish
to study quantumYang-Mills field theory, the recursion just dissed is anindispensable
element. For, when we finally bring Feynman-pattegration into the mix as laid out in point
e) near the start of section 7, we run into thegdstandingmathematical problenof how to
exactly and analytically (not numerically) calcelaa path integral for a non-linear classical
Yang-Mills field theory, which is a close cousintte so-calledp* problem for scalar fields. As
demonstrated in section 11 of [10], this recurssthe precise aspect of Yang-Mills field theory
which enables us to finally solve this important thesmatical problem and perform an
analytically exact path integration to prove théstence of a non-trivial quantum Yang—Mills
field theory on R for any simple gauge group G, see the Yang-Miils Blass Gap Problem [25]
at 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 here
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within all experimental errors, see section 18 espkecially 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

10. Conclusion: Hiding in Plain Sight -- A Century and a Half after
Maxwell, Protons and Neutrons and other Baryons are Finally Understood to
be the Chromo-M agnetic Monopoles of Yang-Mills Gauge Theory

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 “merged Maxwell” being the synthesis of MaxWisklectric and magnetic charge equations
into a single equation for a baryon, and with tixel&sion Principle being the combined effort of
Fermi-Dirac-Pauli. The cast of characters who gdiathis order, and the highly-settled and
thoroughly-validated nature of the theories whiolytused to do so, make clear that the author’s
thesis that baryons are Yang-Mills chromo-magnettnopoles is a highly conservative thesis,
grounded in a synthesis of some of the most fundéahewidely-accepted and extensively-
tested scientific theories. To believe and actleigtthesis requires nothing more than a belief
that all of these theories offer correct descriiof nature, and a belief that when the power of
mathematics is correctly applied to combine coreed well-tested input component theories,
the result of that mathematical synthesis will baadly correct and should be able to withstand
its own extensive testing. The empirical proof meuated in section 6 appears to validate this
belief.

So it is perhaps with a touch of irony that whetufa generations look back on the
century and a half from Maxwell's time to the pmseluring which scientists passionately
pursued magnetic monopoles and wondered aloudeyf #xist in some form in the material
world and how they would present themselves if thigly they may chuckle over the fact these
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monopoles in Yang-Mills form were mocking our inges and hiding in plain sight all along, as
the protons and neutrons and other baryons atethe bf the material universe.
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