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1. Introduction: Istherea Valid Method for Defining Quark Masseswith
High Precison?

In two earlier peer-reviewed papers [1], [2] theher demonstrated within parts per 10
AMU and better precision how the binding and fusémrergies of théH, °H, *He and’He light
nuclides as well as the binding energy®tfe could be explained as a functionasfly two
parameters namely, the current masses of the up and dowrksutbound with extremely high
precision in AMU to bean, = 0.002 387 339 327 u amg; = 0.005 267 312 526 u, see [10.3] and
[10.4] and section 4 of [2] as well as section $419. 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, 1B, °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) masksmixing matrix as two additional
parameters, to explain the proton and neutron maske= 939.565379 MeV andMp =
938.272046 MeV [7]completelywithin all known experimental errars

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

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

and almost 50% for the up quarks, “in a mass-indéeet subtraction scheme such MS

[modified minimal subtraction] at a scalgr=2GeV.” [8] (Note that MS and similar
renormalization schemes are used to absorb thegdinees from perturbative calculations
beyond leading order.) In other words, the PD{Biesare extracted for a given renormalization
scale and are actually a function of this scale @nthe renormalization scheme. So although
thesem, = 2.223 792 40 MeV analy = 4.906 470 34 MeV found by the author are wedlepd
near the center of these PDG error bars, the cthpnecision raises the question: can we really
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talk about and understand these quark masses wath ligh precision, in a fashion which is
independenbf renormalization scale and scheme? More planly is there some sensible way
to simply state that “the up and down quark massesX and Y,” with X and Y being some

mass-energy numbers which have an extremely snralt bar due to nothing other than the
accuracy of our measuring equipment? Is therensilde, definite, unambiguous, very precise
scheme we can use to define the current quark siassesistent with empirical data, which
scheme is renormalization scale-independent?

Specifically, the author’s prior findings that, = 2.223 792 40 MeV analy = 4.906 470
34 MeV (these same masses were shown above evenpremisely in AMU) with a precision
over a million times as tight as the PDG error paxen ifmathematicallycorrect in relation to
the nuclear masses with which these quark masedatarrelated, presuppose an understanding
of how these quark masses are tghgsicallydefined and measured and understood. Without
such an understanding, the author’s prior worknimplete, and to date, the author has not
directly 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
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 the@uclear scattering schemes
presently used to establish quark masses, whichalardeased on renormalization-dependent,
energy scale-dependent experiments involving soagteof nuclides and nuclei, the scheme
which has been implicitly used by the author whibfs paper will now make explicit, is a
nuclear mass defect scheimewhich quark masses are defined in relatiorht&odbjective, very
precise, experiment-independent, scale-indepentterg;known energy numbers that have been
experimentally found and catalogued for the nuaheass defects, weights, binding energies, and
fusion / fission energies.

All scattering experiments essentially bombardrgeiaand use forensic analysis of the
known bombardment and the found debris to learnualtioe nature of the target prior to
bombardment. In contrast, mass defects are no amateno less than an expression of nuclear
weights requiring no bombardment of anything. s tcontext, the prevailing scheme for
characterizing quark masses has wide error bam@ubedt is based on “bombing” the nuclides
and nuclei, while the scheme to be elaborated hasevery high precision because it is a
“weighing” scheme which uses only nuclide and nacheights and so inherits the precision
with which these weights are known. Colloquialpeaking, the scheme to be articulated here
has very tight error bars because it is based animtausive nuclear “weighing” rather than
highly-intrusive nuclear “bombing,” and because laac weights themselves are very precisely
known while scattering experiments introduce reraization and scale issues which ruin
precision and the ability to establish an unambiguapproach for specifying quark masses.

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



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

The electromagnetic interaction, and the electndmch is a most important fermion
source of this interaction, furnish the best stgrtpoint for analyzing the questions about
renormalization and ambiguity posed in the intrdotuc Maxwell's electrodynamics, when
extended into non-abelian domains by Yang-Mills ggauheories, and when SUE3)s the
particular Yang-Mills group chosen for consideratics the template that one customarily uses
to initiate study of strong chromodynamic interant. And the electron, which is an elementary
spin ¥z fermion subsisting in a U{k)singlet following electroweak SU@)x U(1)y symmetry
breaking, is the template best used to contrasfjilaeks which also have spin %2, which are also
regarded as “elementary” (at least to the sameegegind in the same manner that electrons are
elementary), but which form an SU{3)olor triplet.

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

colored(R, G, B) quarks such as up and down quark flawaadi-colored(e.g., RG) gluons all
confined within a baryon. Meanwhile, nuclear phgsis used to describe the interactions
between color-neutral baryons such as the proton and neutron baryonorBawith a
wavefunctionR G B= RGB+ GBR+ BRG- RBG- BGR GR that isantisymmetriaunder
color interchange. And these nuclear interactioasspire viacolor-neutralmesons such as the

pion-flavored mesons originally predicted by Yukg@pwith a wavefunctiorRR+GG+BB that

is symmetricunder color interchange and which have short rabge are not confining.
Although the elementary particle physics of colompehrks and bi-colored gluons and the
nuclear physics of color-neutral baryons and mesoaoften lumped together as one discipline
in loose discourse, they are in fact distinct glibees bridged via so-called hadronic physics in a
fashion that to this date is still not fully undiesd. In many ways, this paper will seek to
strengthen understanding of this hadronic bridgevéen elementary QCD patrticle physics and
nuclear physics to advance unification among athete physical disciplines, by showing how
the masses of quarks which are elementary, angetated with the masses and binding energies
of nucleons and nuclei which are not elementary.

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 a direct consequence of the

fact baryons have a color symmetrR JGOB=R[G,H+ d B+ B R,¢ which is

antisymmetricunder color interchangewhile magnetic monopoles which have the spacetime
symmetries ofd,F,, +0,F,, +9,F, whereF,k =-F isan antisymmetric field strength tensor

o' u U vo v ou

whether it is abelian or non-abelian, so that trenopoles are likewisantisymmetricunder
spacetime index interchangeln the former case there are three colors anthenlatter three
spacetime indexes, and in both cases the interehaypgmetry is antisymmetric in identical
fashion. The physically-meaningful link betweemsb alike color and spacetime symmetries
which demonstrates that baryoase the chromo-magnetic monopoles of non-Abelian gauge
theory — i.e., the connection which advances us fike-symmetries to thiormal identification

of chromo-magnetic monopoles with baryons — isk#istaed in section 5 of [1] and deepened in
section 10 of [10] which is presently under reviemv Physical Review D as manuscript
DK11244, through the application of the Fermi-D+Rauli Exclusion Principal.
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Now, when we talk about the electromagnetic irtigoa, we can readily state that the
dimensionless “running” coupling of this interacticc 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 and the functian{Q) plotted
vertically. We also know that as the renormalmatscaleQ is increased, so too is the strength
of this interaction, which in quantum field theasyan important distinguishing feature between
an abelian interaction and a non-abelian interacti®o, for example, whe@ = M,,, we also

haveaem = 1/128. [3]

Likewise, when we talk about the mass of the ebegtwe can state that = 0.510 998
928 * 0.000000011 MeV, [11] which expresses aneexély high measurement precision
limited only by the accuracy of our laboratory emuent. But just as the running coupliag, is
a function of renormalization sca@ 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 t6 fost like the running coupling / charge
strength. So whether stated explicitly or unaerdtimplicitly, we aredefining the mass and
electric charge strength of the electron based loat s asymptotically observed @t= 0, and
with this definition, we are able to express bath andme with a high precision limited only by
our measuring instrumentationBut we are only able to do this because the natwaild
obliges us by providing a running electromagnebtaming and a running electron mass which
are in fact horizontally-asymptotic in th@ — 0 limit.

So the question now arises, if we can define chatgength and mass in this way for
electromagnetic interactions and electrons, cametedo 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 horizgrdalimptotic 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 sindahat for the electron charges and masses
precisely because quarks are confined and not fr@eiarks are not free particles in the same
manner as electrons; they are only asymptoticaélg {12] deep inside a nucleon from which
they can never be individually removed. QuanturaciEbdynamics (QED) is abelian while
QCD is non-abelian, so the running coupling curmesflipped in their qualitative features over
the Q domain axis. In QCD, the running coupliagand quark masses, approach d&orizontal
asymptote, not af) - 0, but asQ - «, or at least ag) reaches some very large energy
associated with the horizontal asymptotic freeddmeoved deep inside a nucleon via deep
inelastic scattering (DIS). So notwithstandingitisgmilarities because they are both rooted in
Maxwell’s electrodynamics, the confining natureSif(3x: as a non-abelian interaction is what
makes strong interactiompialitatively differentfrom U(1).m electromagnetic interactions which
are abelian. And notwithstanding the similarit@fsquarks to electrons as spin %2 fermions
which are equally-elementary, the confinement dargs within nucleons is what makes them
qualitativelydifferentfrom electrons (and leptons generally).
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The parameten,., at which dimensional transmutation occurs in QCovjgles a good
guantitative vehicle to discuss these qualitatiféeiinces. Referring to Figure 9.4 of [13]
reproduced as Figure 1 below for the reader's coewvee, \,., specifies the energy-
dimensioned domain value ofwertical asymptoteapproached by the dimensionless function
as(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 theoaisged 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, Hwgizontal asymptote appears in the lagye-
rather than th&) — 0 domain, as discussed, and so is qualitativelypdég Via the conversion

constantzic =.197 326 9718GeV fr [3] which in natural unitsh =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

qguark model, the deBroglie length associated whils tertical asymptote of confinement at
Nocp 1S Ty EllCNgep =2.1780 fm, i.e., just over 2 Fermi in length dimension.
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Figure 1: The Running Strong Coupling (reproducedhifPDG’s [13], Figure 9.4)
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So while we are able in QCD to talk about the rognof the strong coupling
a,=9S/4mhc and strong chargey, acting between quarks fo@ > A\ycp as illustrated in

Figure 1, it makes no sense to talk about the ngwoif a; for Q <A, or especially for
Q - 0, as we are able to do for,,, in QED. In fact, when we do experiments in the-kenergy
Q <Ay domain, we are no longer observisgong interactions between quarksnfined

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

between nucleonsFurther, these nuclear interactions are obsetvdthve a very short range
and exponentially diminish to zero beyond sepanatiof a few Fermi in length. For example,
because of this exponential strength diminutiorgl@itheavier than abodtFe start to manifest
inherent instability because nucleons (protons &gkrons) within the same nucleus become
situated far enough apart that the nuclear forcdonger holds them in the nucleus. So, in
contrast to thetronginteraction between quarks in the six-quark maddch has a short range

on the order ofr, =2.1780 fm which grows vertically-asymptotically stronger abhdcomes
infinite so as to enforce confinement @s- A, from right-to-left, thenuclearinteraction is
short range because it grows exponentially-smalter Q <A, from right-to-left and
exponentially attenuates to zero strength beyodtance of several Fermi. Thus, as we move
laterally across the vertical asymptote at the @néx,., and its length equivalen, , we are

implicitly crossing the disciplinary boundary beewethe strong elementary particle physics of
guarks, and the nuclear physics of nucleons andseemblies thereof known as nuclei. That is
the boundary sought to be bridged by hadronic gkysi

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

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

bounded on the left by\eertical asymptote aQ =A,.,. TheQ - 0 limit for a; is effectively

meaningless in QCD, because@s- 0 the only pertinent interaction is the nuclear riatéion

and not the strong interaction between quarks. thadl nuclear interaction, being short-range
with exponential attenuation, has zero strengtlQat0 rather than a finite number like the

meaningfulaey, = 1/137.035 999 074 found in electrodynamics.irfStead of characterizing the
strong interaction strength starting with a dimenkess value otr, =0 at Q =0 like we useiem

= 1/137.035 999 074 for QED, we define the stronigraction via the transmuted energy-
dimensioned parametéx,, at which there is a vertical asymptote toward Wwhig — c from

the right as in Figure 1. And then f@ > A, a, depends very definitively on the energy

scaleQ, and in addition, it depends on the specific reraization scheme used to absorb the
higher-order perturbative divergences.

In sum: The dimensionally-transmuted energy numhgg, =.0906 GeV in six-quark
QCD serves the exact same role for QCD as doeditiensionless numbeg, = 1/137.035 999
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074 for QED in establishing the leftmost domairtted running couplingas andaem For QED,
the “fine structure” number 1/137.035 999 074 telksthe dimensionless magnitudeogf, as
Q - 0 for which nature obliges us because the runningploag for an abelian interaction

actually does approach a horizontal asymptot®as 0. But nature does not similarly oblige
us for a non-abelian interaction such as QCD. Natvthe low-energy boundary of the
meaningful domain, for six quarks, there is a waitiasymptote for whicha, — o at
Nocp =-0906 GeV, and as has no meaning fo0<Q <A, because that is the domain of
nuclear interactions between baryons not strongractions between quarks. So we are
compelled to use the energy dimensioned nun@erA ., =.0906 GeV to tell us theQ at
which the dimensionless numbey approaches its low-energy vertical asymptote. rédioee,
while the Q - 0 limit is meaningful for QED because,,, -~ 1/137.035 99 in this limit, the

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

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

Now, we have laid out sufficient background to retto the problem of how to define
current quark 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 masgs = 0.510
998 928 + 0.000000011 MeV because there is a haarasymptote atem = 1/137.035 999 in
this limit and because electrons are free partiasleeh 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 mas the Q — 0 limit in the same way that
we would measure an electron mass. Thus, to tdefime current quark masses based on their
measured valuesn, (Q=0) would appear to make no sense because this isasuneenent
which it is physically impossible to ever take fam individual quark! How can weefinea
quark massn, based on its value & =0 when it impossible to ever take such a measureatent
Q=07 We would be using a definition that can neveexy@erimentally validated!

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

baryons such as protons and neutrons, and indeedknew 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
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directly measure baryorB) massesMB(Q:O). And of course, baryons contain quarks, and

protons and neutrons which are the most abundahstble flavors of baryon contain the up
and down flavors of quark. So the question arisbsther it might be possible to measure

m,(Q=0), not directly, butindirectly, by inference from the direct measurements of
MB(Q:O) which are well known with some substantial degseerecision, and whether this
precision might then be inherited by the indirectfined m, (Q=0).

As we shall now start to explore, this is indeedguale, if, as stated in the introduction,
we employ a scheme based on non-intrusive nucieeighing” 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 becopwssible with high precision to use these
guark masses to also explain the empirical binéingrgy and nuclear weight and mass defect
and fusion energy data of multiple light nuclidelieth data 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 thesis in [1] as further developed in [18ht baryons are the chromo-magnetic
monopoles of Yang-Mills gauge theory.

The up and down quark masses are indirectly indein@n theQ =0 proton and neutron
masses, as well as tlig=0 electron mass, using the following two relatiopshivhich for the

moment will simply be stated, and which we shakdaxplain and support based on the thesis
that baryons are the chromo-magnetic monopolesaoig¥Mills gauge theory. First, as initially
found in [11.23] of [1], thealifferencebetween the up and down current quark massesaigde

to the electron rest mass according to:

(2r)
3

m,—m = m. (3.1)

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

guark masses, according to:

2 3m - 3m+ 2
SO RN (3.2)
(2n) (2r)

MN_MP:mu_rne_

We shall regard (3.1) and (3.2) above toeactrelationships not only) = 0, but for allQ,
which is to say, we shall take these to be botlcteandQ-invariant. And we shall use these
relationships as the starting point to obtain maiyer relationships — most very close to
empirical data albeit still approximate — intendedcontradict or validate our treatment of (3.1)
and (3.2) as exacQ-invariant relationships. For these reasons, simplprovide a shorthand

9
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for discourse, we shall henceforth refer to (3.0d &3.2) above as the “primary mass
relationships” among the up and down current quadsses, and the electron, proton and
neutron masses. It will be appreciated, becagsén (3.1) is known with very high precision,
and becauseM  —M, in (3.2) is known with similarly high precisiorhét when we take (3.1)

and (3.2) together, and if we do regard these asteandQ-invariant as just discussed, that we
can combine these to dedueg and m, with commensurately-high precision.

This calculation is performed in section 10 of [&ing the AMU median empirical
valuesm, =0.000 548579909 [11], M, =1.008664 9160 and M, =1.007 276 4668 [7]

which all have been experimentally measured tootemore digits of precision in AMU. So,
using these values in (3.1) and (3.2) above lead® wleduce in [10.3] and [10.4] of [2], to the
same ten-digit precision as the proton and neutrasses that:

m, =0.002387 339 31=2.223 792 40M ¢, (3.3)
my =0.005267 312 % =4.906 470 34M ¥ . (3.4)

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

bars which inform us thatn, =2.33! MeV and m, = 4.873MeV [8], so we at least know that
there is no direct empirical contradiction to thesgults from this particular data.

Starting from (3.3) and (3.4) as deduced fromghemary mass relationships (3.1) and
(3.2), there are three questions which now nedxt texplored:

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

and m, =4.8%3MeV; that these error bars reflect that quark massethaught to be dependent
upon the renormalization scheme and the renormi@izacaleQ; that quarks are confined and
so can never have the@) =0 masseslirectly measured in the same way we are able to measure
the electron mas® =0; and that the only domain within which it evenrstdo make sense to
talk about directly measuring a quark mass is tmaan whereQ = A,.,? Indeed, these wide

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

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

reviewed in section 27

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

indeed, they sit fairly near the mean of this daBat it would be desirable to see if (3.3) and
(3.4) can be supported additional empirical databeyond the electron, neutron and proton
masses from which they were deduced via (3.1) &#),(via what we shall refer to as
“secondary relationships.” Specificalif,(3.3) and (3.4) are indeed correct valuationgherup
and down current quark masses o & 0 scale, and because the neutron, proton and abectr

masses are already related to these via (3.1) &8y (t seems plausible that other energies of
interest, namely the binding, fusion, mass defed auclear weight energies of light nuclides
such as hydrogen and helium and lithium and bemljietc., might also be related to and be
secondary functions of these exact sagne0 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 free protameatron, or, for example, are in a proton or
neutron inside of an alpha particféié nucleus), or in a proton or neutron insid€%e nucleus,

or are deep within the bowels of a lead or a uranuicleus, etc. And that means thatshieuld

be able to specify the observed nuclear datarigrand all types of nuclesolely as a function of
these two quark masses! This provides ample thifior empirical contradiction. But at the
same time, if a substantial number of nuclidesiodeed have their nuclear data parameterized
using secondary relationships based exclusivelyhentwo masses (3.3) and (3.4), this would
represent compelling empirical support for theseilts.

3) Solid Theoretical Foundation: If we can legitielg assert (3.3) and (3.4) to be ie=0

up and down quark masses and if we can find secprsdgport from a broad array of nuclear
data, then we get to the third question: whateésaverarching theory, and does that theory make
sense within the overall framework of theoretidaygics? As stated, that theory, first laid out in
[1] and further developed and refined in [10], aissthatbaryons are the color-neutral chromo-
magnetic monopoles of non-Abelian Yang-Mills gatigeory. It is from this theory that the
primary mass relationships (3.1) and (3.2) wer#ailty discerned, and upon which th, *H,

*He and*He [2] and®Li, ‘Li, ‘Be, ®Be, 1°B, °Be, 1°Be, 1B, *'C, *C and™“N [5] binding energies
can be explaine@xclusivelyas a function of the two masses (3.3) and (3.4),avseries of
secondary relationships, to at least parts per teahtthousand AMU in all cases. And it is from
this theory that once the Fermi vey=246.219651 GeV and the Cabibbo, Kobayashi and
Maskawa (CKM) mass and mixing matrix are also athdifis parameters alongside of these two
quark masses, the proton and neutron masses [6peafully explained within all known
experimental errors.

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

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

clearly looks to be what nature chooses and whiehshall henceforth regards as nature’s
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choice) one must provide an impact energy at leaghe order ofQ = A,., =.0906 GeV. In

other words, to directly detect @y attributesof an individual quark, and indeed its very
existence, one must supply an impact energy ndrthbout 90 million electron volts. So
whatever attributes we obserbg definitionwill not be theQ =0 attributes of the observed

quark. This is the measurement problem which l¢adbe large error bars), =2.37! MeVv

and m, =4.87>MeVwherein the quark masses are dependent upon treerchmeasurement
scheme, and once a scheme is chosen, on the abfo@egiven thatQ =0 quark attributes
appear to not be measurable because quarks areemiot free, particles.

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, albefeeedif scheme from the usual. The question
here is whether this is different scheme isgtimatemeasurement scheme.

Now, any time that we do an experiment for whiQh>0 we are necessarily doing a
scattering experiment, which is to say, we are kesnlihg a target in some fashion and
discerning information about the target via forenanalysis of the post-bombardment debris
coupled with knowledge of the bombardment we emgdloyNo matter how it is couched in its
specifics, any experiment witQ >0 is by definitioncausing an impact with the target we seek
to study, and in the course of obtaining informataibout the target we are necessarily altering
the target. Thus, when we use several diffe€eat several different times, we have to prepare
for the possibility that what we are measuring ahibe target will take on several different
values, with no one particular value being any moogect or unique than any other value.
Thus, we will have error bars stemming from morantlust the limitations of our measuring
equipment. To use the colloquialism of sectiosuch an experiment entails bombing the target,
not weighing the target.

Conversely, merely taking the weight of a bodyhis quintessentiaQ =0 experiment
whether that body is a person or a baseball orlestren, proton or neutronSubject to the
caveat in the next paragrapiwve 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.
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 #isorenormalization scaf@ other than to
understand that by definition we are usi@g=0. Of course we have the option if we wish to
study how these masses may vary from tiggi O values for variousQ # 0. But Q=0 does
provide a uniqueness which is not provided by atherQ, with the possible exception of
Q =/Nycp =-0906 GeV which happens to coincide with the confiniag=c and so presents

other measurement challenges.
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Now, of course, someone who is familiar with expents 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” plagticle in the same manner that we can weigh
ourselves or weigh a macroscopic object. The éxmets used to establish these masses
themselves do have son@# 0 scattering aspect. However, the electron, pratoth neutron
are all free particles unlike quarks, and their sgasapproach asymptotic values@s- 0. So
by doing enough experiments on these free particlegen with some impact — it is possible to
deduce the asymptote that is approached by theesiaé®ach of these particles. Therefore, the
precision with which the experimental community lsaEceeded in doing this is effectively
expressed by the mass values and associated eepéairerrors form,, M, and M given in

[11] and [7]. The same can also be said for measents of the masses of composite nuclides,
such agH, °H, *He, *He, etc.

So when we take the expressions (3.1) and (31@y ip the Q=0 “weights” of the
electron, proton and neutron, and thereby deduc® éhd (3.4) for the up and down quark
masses, what we have discerned — albeit indireetipust also be regarded as tie=0
“weights” of these two quarks. Again, this is eamty a different scheme from the minimal
subtraction schemes which are usually employedpgzif/ quark masses and other running
attributes.

But irrespective of the specifics of relations {3ahd (3.2), if we were to establisbome
pair of valid relations which express the up and down quark masses ol the electron,
proton and neutron masses such that these two quaskes areniquely fixedonce these other
three masses are fixed, then by employing@ve0 values of the electron, proton and neutron

masses, we would necessarily be deducingQhe0 values of the up and down quark masses,

and we would have a legitimate measurement schdine.point here is that this “weighing, not
bombing” scheme is not wedded to the specific3df)(and (3.2), but rather, to the question of
whetherany valid relationshipsvhich mightuniquely output the up and down quark masses
once theQ =0 electron, proton and neutron masses are giverbeasaid to yield legitimate

values for theQ =0 quark masses.

Understood in this manner, it should be clear thigt 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 wteechbe observed asymptotically in the IQw-
energy domainjf such relationships exist and can be found. Sorélaé question becomes
whether there do in fact exist some of valid relasiin nature by which the up and down quark
masses can be uniquely deduced from the electrotgrpand neutron masses (or any other free
particle Q =0 masses), and if so, what those relationships radtendnether (3.1) and (3.2) are in

fact those relationships.

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

these quark masses in this way is perfectly legitem Further, by having these two mass values
(3.3) and (3.4), we now know the quark massespi@eaision that i€lose to a billion times more
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precisethan what we learn frorm, = 2.3%7 MeV and m, = 4.8°5MeV based theMS scheme.
It is the foregoing elaboration of how the quark sses m, =0.002 387 33931 and
m, =0.005 267 31251 can belegitimately definedrom the proton, neutron and electron

masses with a precision vastly exceeding the PD& biased orMS, which was absent from
the authors prior work, and which should remedyg theficiency. And it should also be very
clear that a second scheme which allows the quadses to be defined close to a billion times
more accurately than a first scheme is manifestifgpable to the first scheme. So that is the
scheme that the author is proposing for definirgup and down quark masses. Because this
schemedefines Q=0 up and down current quark masses in (3.3) and) (Bem the

relationships (3.1) and (3.2) using t@e=0 electron (E), proton (P) and neutron (N) masses, w

shall refer to this as the EPN measurement schatheaw EPN-0 definition for the up and down
quark masses. Of course, relationships (3.1) arg) hould apply at afD. So if one were to

know how each ofm,(Q), M,(Q) and M (Q) run as a function oR, one would then use

(3.1) and (3.2) to further derive, (Q) and m,(Q). In this way the EPN scheme provides a

consistent and unambiguous basis for first defitirggup and down quark masseat 0, and
for then ascertaining how they run as a functiomofeasing scal®, all based on three masses
m,, M, and M which are each known & =0 with very high precision. And it avoids the

pitfalls and ambiguities of having to define quanksses based on probing inside the nucleons in
a fashion that will necessarily make these mas$ascéion of our experiment.

So with the measurement question of how best timel¢he current quark masses now
addressed, we next turn to question whether (38) (8.4) are indeed the correct physical,
Q =0 quark masses. If they are, then this in turn Waallidate the relationships (3.1) and (3.2)

and the theory from which these are obtained. &gyt the fact that masses (3.3) and (3.4) fit
well within m, =2.3%/MeV and m, =4.875MeV provides preliminary validation for these

masses by failing to invalidate these masses. tiBsitis 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.

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 physical insgoased on the thesis that baryons are the
chromo-magnetic monopoles of Yan-Mills gauge theofrst, let us just lay out some general
background.

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_:jﬂsd3x to be stationary under small field variations, nthihe

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 & x=- L. And more simplyE =-L.

Now, in abelian electrodynamics, the Lagrangiansdgrassociated with a pure gauge
field F* is given by®=-%F F*, and soE=-L= —Hjsd"’xz ”H F, F* & 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 generatorst’ with i =1..N?-1 forming a closed group and commuting according to
[/P,/]j]:if ' J¢, conventionally normalized tdrA'> =1. Each of these generator matrices
has rank 2 with ailNxN dimensionality, so to be fully explicit we muspresent these matrices
by A',; with AB=1..N. So in reality, the field strengttF, is a shorthand for
Fae =A' asF' . Where the “adjoint form'F' , consists ofN? -1 individual 4x4 field strength
tensors, and the “matrix formF, ,, is anNxN internal symmetry matrix of 4x4 field strength
tensors. The pure-gauge field Lagrangian dengfyesented in the matrix form is now

Sgauge:—%Tr(FWF”V), with the doubling of the coefficient owing to thgenerator

normalization, and so the energyks= ”J'%TrFW FAd®x.

Now, if we want to be as explicit as possible, thhather than using the trace (Tr)
notation, we can use the matrix forf), ., and explicitly show the index contractions which

yield this trace, namely® :—%Tr(FWF””) =—3F,F" s That s, the trace is formed first
by taking aninner product F,, ,;F*' ;. which yields a newNxN internal symmetry matrix.

Then we contact tha andC indexes to obtairF,, ,,F* .. It is by this latter contraction that
we obtain the trace, and more specifically, itiveer product trace But mathematically, there is
a second trace available frofy, F*, and that is theuter product tracewhich for any two
matricesA and B is given by Tr(AD B):Tr(A)Tr(B). So using explicit indexes, the outer
product trace i, ,,F* 5. Thus, if we wish to be as general as possibéeshould entertain
the possibility of constructing the pure Yang-Miauge field Lagrangian density using some
linear combination of both the inner product traEg, ,,F*' 5, and the outer product trace

v
F/JVAAF BB"

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

developed for the chromo-magnetic monopoles of Yy gauge theory, see [10.1] of [1]
which is more deeply developed into [10.4] of [10This employs the gauge group SUW(8f
strong chromodynamic interactions with colors RBGwhich means that the internal symmetry
matrices have a 3x3 dimensionality, see, e.g.jrth&ix [9.20] of [10] which explicitly shows
this. We then represent a (duu) proton by assggtiie R quark color to the down quark flavor
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and the G and B quark colors to the up quark flewsa R - d; G - u; B - u, and a (udd)
neutron by an analogous assignment. u; G - d;B - d, all as laid out in sections 7 and 8 of
[1] and the second half of section 10 in [10]. dHiyy as laid out in sections 9, 11 and 12 of [1]
we calculate an energy E :J'J'I%TrFWF”VdW using the outer product trace

E=[[[4F, nF* 60’ for each of the so-represented proton and neuttbrturns out that

these respective energies, showing both the miant and the scalar expression after the outer
product trace is taken, see (12.4) and (12.5) joflE:

Jmy 0 0 Jmp 0o o0
Eo=—toT o Jm 0 0| o Jm o [T SHWIRTAN
(2m) 0 o Jm 0 o Jm (2nm) , (5.1)
= (27) T, DK, = (27) F K p K pe

Jm o 0 Jm 0 0

e= Lm0 Jm oo o (m o |-MrAmmAn
(27) . - . 0o Jm (2m) . (5.2)
s(zn) Tk, OK, (ZH)%KNAAKNBB

In the final lines of each of the above, we dertbge matrix appearing twice in (5.1) &S 5
and in (5.2) aK,,s- We also point out that as elaborated in sectitisrough 4 of [6] that

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

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

the Fermi vev, one can make extended use of thésielé matrices” to explain the proton and
neutron masses themselves.

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

Ey-Ep= (my-m)=m, (5.3)

Nlw

(27)

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). ®és is how (3.1) comes about. Why do we make
this hypothesis?

Originally in [1], the author found (5.1) and (5.2hen calculatedE, — E, using the
PDG datam, =2.3%/MeV and m, =4.8%3MeV, and found thatE, - E, =.47622 MeV,
which nicely encompasses the electron rest mass.511 MeV pretty much near the center of
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the error bar. This was the first plausible pahtontact that was made from the theory that
baryons are the chromo-magnetic monopoles of Yaillg-ldauge theory to empirical data,

particularly because a neutron decaying into aopretan — p* + e +v +Energy which can be
recast as n-p =€ +..., and a down quark decaying into an up quark via
d - u+e +v+Energy which recasts asl —u= € +... would, at least at a “linear” or “lowest
order” level, support a relationship of the forg), - E, 0 my— m O m in (5.3). So given

both this empirical concurrence and the p" =€ +... and d —u= € +... decay sensibilities,

(5.3) was elevated into laypothesizedelationship with the electron rest mass, to befiomed

or contradicted based on additional empirical datubsequent theoretical development in
section 9 of [10] demonstrated that (5.1) througi3) are in fact all relationships taken in the
zero-order limit of Yang-Mills gauge theory. Andbsequent empirical development which will

be summarized momentarily appears to validate rdtien refute (5.3), and to show that this
zero-order limit appears to govern what is obseimeatlclear binding and fusion events and the
nuclear mass defects.

Now, we turn to the origins of (3.2), and forsthive must begin to discuss nuclear
binding energies. While (5.3) was the first plélsipoint of contact between theory and
experiment uncovered by the author, it was (5.1) @n2) themselves which opened up fertile
new vistas via some extremely compelling connestitm nuclear binding energies. Let us
explain how this is developed.

If (5.1) and (5.2) represent some to-be-determitoech of energy associated with the
proton and neutron, then it is certainly a gooditie calculate these energies. We may do so

using m, =2.3%7 MeV and m, =4.83>MeV from PDG which is what the author first did in

[12.4] and [12.5] of [1]. But rather than retrethis same ground, let us use the much-more-
precise masses (3.3) and (3.4) which are be threataquark masset(3.1) and (3.2) are valid
relationships which is what we are testing out at present. ifSee use (3.3) and (3.4) in each of
(5.1) and (5.2), and then also apply 1 u = 931@&%(21) MeV, we calculate to ten significant
digits in AMU and seven significant digits in leggecise MeV [4] that:

m, +4 +4
E, =0 TN T 50018373997 & 1.710% 9 MeV (5.4)
(277)°
+4. +4
= (”‘J)n?‘ M - 0.0023876939 & 2.220P 7 MeV . (5.5)
2m)?

Now at first sight, these energies are a bit mais. After all,My = 939.565379 MeV
andMp = 938.272046 MeV, so these energies are certaioiythe 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 rest of the mass is generated through extemgections involving quarks and gluons. So
let us strip out all of these interactions and &salely on the current quark masses, which when
properly summed together, should represent songetifia “zero order” value for the proton and
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neutron masses. Continuing to use the massesaf33)3.4), the sumE of these current quark
masses, for the duu proton and udd neutron respégtare:

Jn 0o o) (Jym o0 o0
ZP :2rnu+ rnj =Tr 0 \/Eu 0 0 m 0 =Tr KJDK:’: IﬁDAB I‘<PB/ (56)
o o Jmjlo o ym |
=0.0100239911& 9.33B3 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 & 12.02834%6cV

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

inner product traceof the same Koide matrices for which the outerdprt trace was taken in
(5.1) and (5.2).

These energy numbers deepen the mystery furtrerause one would expect the
predicted energies (5.4) and (5.5) to at leastsomach as the masses (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 very much thersaway that some of the mass one might
expect to see by combining two nuclides if we nigiwald their separate masses together, goes
missing in the mass defect and is released astigsiergy. So now the question becomes, how
much mass has gone missing in (5.5)? We can eealitylate this missing mass difference
A =3 - E for each of the proton and neutron by subtractthg) from (5.6) and (5.5) from (5.7)
as was first done using the PDG data in [12.6][48d7] of [1], to obtain:

+4.] +4
A, =2,-E,=2m,+ rrh—md (mu)r?, il =0.00818659% u= 7.625 13 MeV
27T)?

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

, (5.8

+4/mm +4
A =%, -E =2m+m- W NMMRTEM 565105052704 9.804 2268 M¢
(27)° . (5.9)

=TrK,, K, —(27) 7 TK, 0K,

We see that these missing mas@esombineboth inner and outer product traced the 3x3
Koide matrices in (5.1), (5.2), (5.6) and (5.7).

We may then easily calculate that the average asehtwo missing masses
%(AP +AN) =8.714 9941 Me\, and this number starts to reveal some very desgning. For,
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if we refer to the well-known empirical curve fdnet binding energy per nucleon which is
reproduced below as Figure 2, and we keep in nhiat host nuclides have roughly the same
number of protons as neutrons but with larger progo of neutrons over protons as the nuclides
get heavier, we see that this number also is vieseco the peak per-nucleon energy at about
8.75 MeV per nucleon. In particular, we know ththe heaviest nuclides do give up
approximately 8.75 MeV per nucleon in order to btndether, which very closely tracks the
missing mass (A, +A, ) =8.714 9941 Me\.

It is this observation, first reported in sectio@ a&f [1], which caused the author to
initially suspect that these missing masses ang slesely related to nuclear binding. And to be
clear, the author had reopriori suspicion that these missing masses might bescetatnuclear

binding. Had the result of the foregoing calcuati been %(AP+AN):20 MeV, or
1(A,+A,)=3MeV, or some other number, then this would not havpligated nuclear

binding and mass defect as the source of this nggssiass. It i®nly becaus¢he missing mass
was theoretically predicted to H;(AP +AN) =8.714 9941 Me\ and this is so close to the peak
of the nuclear binding curve, that these missingsaa were first suspected to be related to the

mass defect. So here, the matching of a theorgtrediction to empirical data gave birth to a
new theoretical understanding that was unanticgpatehe outset.

a6 1
Sr TXe &= IXGHS N:jlbu

Average binding energy per nucleon (MeV)

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

Figure 2: Empirical Binding Energy per Nucleon

Once this connection is discerned, it becomesastmg to actually use (5.8) and (5.9) to
examine the binding energies of nuclides right rieampeak of Figure 1. The two best examples
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are®®Fe and®Ni which have two of the highest per-nucleon bindenergies of all the nuclides

in nature. The former has 26 protons plus 30 pegirwith a median empirical binding energy
of 492.253892 MeV [15], and the latter has 28 pmst@and 34 neutrons with an empirical
binding energy of 545.2590 MeV (calculated from])16 So if we use (5.8) and (5.9) to

ascertain how much mass is “missing” from eachesé nuclides, we find that:

A(56Fe) =26\, + DA, =492.3965985MeV versus 492.253 8BV obse vd, (5.10)
A(*Ni)=28A, +34A, =546.865028 4MeV versus 545.25MEV observer. (5.11)

So for*Fe the observed binding energy is 99.9710% of likeretical missing masA(56Fe),

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 — importantly — thato nuclidereaches or
exceeds 100%, and that the very highest percefgatye one just shown f6fFe. This means
that (5.8) and (5.9) — in some manner that needsetanderstood — are establishing the upper
limit that we see on the nuclear binding curveigufe 1. And clearly, the results in (5.10) and
(5.11) validate that (5.8) and (5.9) are reveabogething very real and very important about
nuclear binding, which gives further credence ® vhlidity of the relationships (5.1) and (5.2)
and thus the primary mass relationship (3.1) a.k5a3) with which they are integrally
interconnected..

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

1) Nuclear Binding and Quark Confinement: The emsrd5.8) and (5.9), in physical
reality, are “latent binding energies” of the pmot@and neutron respectively. When a proton or a
neutron (nucleon) i¢ree i.e., not bound to any other nucleon, then thiredg of this latent
binding energy is used to confine quarks within tleeleon. But when a proton or neutron is
fused and bounahto a nucleus with at least one other nuclideyesobut never all (which is why
the numbers above are always less than 100%) ofatbet 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 which lieslghe 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. ¥6e which at 99.9710% channels a higher
percentage of its latent binding energies thanahgr nuclide int@ctual nuclear bindingthere

is still a small 0.0290% share of its latent birgdenergy amounting to 0.142706 MeV (less than
1/3 the mass of a single electron) which does ebtrgleased and thereby going into nuclear
binding, but remains behind to continue confiningoé the quarks within thé®Fe nuclides.
Becauseno nuclideever uses up more than 100% of its latent bindingrgies for actual
binding, but always reserves at least some enenggdnfinement, quarks are always confined.
Quarks inside the nucleons JFe are less-tightly confined than the quarks insidg other
nuclide (which is a basis for understanding thestfEMC effect” [17]), but they do assuredly
remain confined. The peak in Figure 2% at which sits at 99.9710% of what it would téke
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de-confine quarks, is one very direct way in whelture displays confinement. Indeed, the fact
that the observed binding energies in (5.10) antilj5and any other nuclides aabvaysless
than the total latent binding energies revealsetihergetic explanation for whyuarks 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 detgyt /B is
calculated from (5.8) and (5.9) using:

MB=ZM,+NRD,. (5.12)

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

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

especially of interest for the lightest nuclidesisthhave the lowest'B,/ /'B ratios, and for

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

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

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

very stringent assumption thavery single observed nuclear binding enerfg, must be
constructed out of some combination of the forega@nergy number “toolkit” and “structurally
sensible” integer multiples thereof, which mearat the observed'B, mustall be functions of
the Q=0 up and down quark masses (3.3) and (3.4). Ths$riisgent because it gives us no

room to adjust anything. If we cannot construetdbhserved binding energies from these energy
numbers with some fairly high degree of precisishich means as functions of the up and down
guark masses and nothing more, then this appreaantradicted. But if we can construct a fair
number of observed binding energies in this wagntthat would lend solid empirical support to

this approach. We know that the latent bindingrgies B =Z[A,+ N[A, comes readily
packaged, so for any given nuclide, we should cdmndboth adding to and subtracting from a
pertinent 2B, i.e., we should ask how much its binding eneritlyee exceeds or falls below

some /B. We should also sensibly include in our “toollstialar traces of the Koide matrices,

21



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

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

to extend this approach, we should consider magctiie energy numbers not only to binding
energies, but also to the energies released dwanigus fusion or fission and other decay
reactions. From here, with toolkit assembled, tdk 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 thitlden theoretical patterns in the nuclear
binding energies — in broad scope, seeking to “detthe nuclear “genome.”

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

refer to our energy number “toolkittn,, m,, \/m,m, , the foregoing divided b)(ZIT)%, and
integer multiples of these. But we need not seaeck far. From (3.3) the mass of the up quark
is m, =0.002387 33931 The difference iSB,-m, =8.308< 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 energydgactly the samas the up
guark masse due to how close they in fact appetrdoe. That is, the author originally

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

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

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

error margins becaus, is known with greater than ten-digit accuracy, andt still warrants
understanding as will be discussed later in thpepa

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

error that the observed binding enerf, =0.0303765865 is less than the latent binding
energy ;B=2[A, +2[A, =0.037 46522 2u by approximately 2,/m,m,. So we then

calculate 2[A, + 2[A, — 2/m,m, = 0.030373002 04 ; B, to find that this differs from the
observed alpha binding energy by untterr parts per million AMU The integer factor 2 used
with \/m,m, is “structurally sensible” because the alpha pkrthas 2 protons and 2 neutrons,

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

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

recalibrated in section 10 of [2] after (3.2) isedsto replace’B,=m, as a primary mass
relationship.
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For the®*He nucleus (helion) with observed binding ener; =0.008 2856028 we
calculate\/ﬁTr K, =2m,+, m m=0.008320783¢ ; B by employing the trace of the Koide

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

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

6) Hydrogen-3 and the Neutron minus Proton Masd$efhce: 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 ?B,=m,, B, =2, +2[A, - 2/m,m, and B,=2m,+,/mm for °H, *He and*He
respectively could be ferretted out relatively igfinforwardly using binding energies, latent
binding energies (5.12), and the toolkit from p@nfinding B, for ®H proved to me impossible
working with binding energies alone. So at thahpm time, as detailed in the appendix of [2],
we begin to consider certain nuclear fusion reastito see if the energies released in these

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

2B, =Z[M, + NIM, - 2 M, (5.13)

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

First, we consider the fusiofH+?H —°H +e" +v+ Energfya proton and a deuteron
into a triton and ask: how much energy is releasdeifpirically, this energy is observed to
Energy= /M + M - M -m_, = 0.004 780386 2. Dipping into the toolkit, we find a close
connection using2m, =0.004 774 @ 8 6 which differs from the observed fusion energy by

5.7076x1@ u, i.e., just undesix parts per milion AMU And the factor of 2 makes some
structural sense because we are fusing two nuclid8® we make the close association

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

To do this, we do a second fusion study, this timaf fusion
H+'H - ?H +e" +v + Energy of two protons into a deuteron, and again ask: haxh energy

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

that 2,/m, m, /(27[)% =0.0004504241. This differs from the empirical fusion energy by
7.169x10" u, and so has an accuracybetter than one part per million AMUSo we make the
close associationEnerg)(llH +1H - H+ ..)z m,m /( 2)%. Thereafter, we arrive in

[A15] of [2] at M -M,=m,-m-2/mm /(27:)% :mJ—(Bmﬁ 2/ m - 3m) I 2r)%,
which is the primary mass relationship (3.2). Wiitls, we have completed the explanation of
how this relationship (3.2) is obtained.

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

*H triton, which has the empirical 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 in thes®wof pursuing the triton binding energy. But
based on the initial hypothesis in place at thestitmat 2B, = m,, this relationship (3.2) itself
predicted a neutron minus proton mass differencielwtvas off by a few parts per ten million
AMU. Then, for the reasons detailed in sectionot(2] the author withdrew’B,=m, as a
primary relationship and instead hypothesized (@2 a primary, exact relationship among the
electron, proton and neutron masses. It is wiik ttypothesis that (3.2) joined (3.1) as a
“primary mass relationship” then then was used énoadance with the EPN-0 quark mass
definition to deduce very precise quark masses) @@ (3.4) which have been used in the

development here ever since, and all mass reldtipnpreviously developed were 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%)(@nd (3.2) are obtained, we now
return to the second of the three questions paseskdtion 3, namely, whether these primary
mass relationships (3.1) and (3.2) and the vergige&) =0 up and down current quark masses
(3.3) and (3.4) deduced therefrom can be suppdgeuther “secondary relationships” rooted in
nuclear data, or whether there are contradictiorsetfound.

When discussing in general whether a theory isidvalr has “support,” one must keep
in mind that for scientific work, one can neverlyrtvalidate” a theory. One can simply show
that at multiple places where the theory might permoto contradiction, no contradiction is
found. This takes place at two levels: the emaitievel, and the theoretical level.
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At the empirical levelthe question is whether efforts to make contatit empirical data
are contradicted or not contradicted: do the expenis rule out the theory, or do they fail to rule
out the theory. If a sufficient number of effosie made to contradict and no contradictions are
in fact found with the experimental data, thenwresght of those “failures to contradict” start to
translate into “empirical support” for the theory.But there is no objective, scientific
measurement as to when there are enough failuresnivadict so as to constitute theoretical
validation. That is a subjective judgment whichstnfirst be made by individual scientists and
then, eventually, by the scientific community astele.

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 sdiecommunity based on multiple failures to
contradict those settled theories. There are atbigilary questions related to this: is the theory
economical, which in a conservative view of scienught be reframed as whether the theory
requires brand new notions to be injected intottieoretical discourse of the community, or
whether the theory can be rested solely on noveibomations 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 (combination of settled sciensepreferable, and the former (brand new
notions) is not ruled out but should be used aasaresort when there is no apparent way to
succeed by restricting oneself to combining knovements in unknown ways.

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

To a very large degree, section 5 has already|lolee® very substantial empirical
support that the validity (3.3) and (3.4) are corguark masses, and therefore (3.1) and (3.2) are
correct relationships. Now, we shall review thmpérical support, and introduce additional
empirical support.

Thus far, we started out by hypothesizing (3.1d éh2) to be valid, exacQ-invariant
relationships, and thereby hypothesizing (3.3) éhd) to be valid, very precise up and down
Q=0 quark masses. Based on this, we have thus far &lde to deduce the following non-

contradictory, supporting empirical results:

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

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

relationships arefB, = m, (section 5, point 4);B,=4m, -2,/m /(2n)% (section 5, point 6);
SB,=2m +mm ); (section 5, point 6); and in view of (5.8) an¢5.9),
7B, = 2[A, + 2[A, - 2,/m,m, (section 5, point 6).
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2) Deuteron and Triton Fusion Energies: Interreldtethe point 1 secondary relationships
and the primary relationship (3.2), the secondary elationships

Energ)(llH +2H - JH+ ..)= 2, for the fusion energy released when a fusing pretod a

deuteron into a triton, anEnerg)(llH +H - H+ ) = 2/mm /( 2)% for the fusion energy
released when fusing two protons into a deuterecti@ 5, point 6).

3) The Nuclear Binding Peak near 8.75 MeV: Theti@tships (5.8) and (5.9}, and A
which represent “missing mass,” and which have mevafi(A,+A,)=8.7149941Me\
which is right at the peak of the empirical nucleending curve in Figure 2.

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

empirical B, =492.253892 Me\, such that ;’B,/ >0B=99.9710%.  This, and other

relationships such as (5.11) which are deduced5vi?), provide the basis for recognizing that
A, and A are latent energies available to be used for bmdivhich confine quarks in free

nucleons, but which are partially released as fusigergies for nuclear binding, in a percentage
that varies for each type of nuclide but never edsel00% and is greatest f6Fe than for any
other nuclide. And this enables us to understamtigconfinement on an energetic basis and
explain the first EMC effect [17] whereby quarksige bound nuclei are observed to be less-
combined than those in free nucleons.

All of the foregoing provide secondary empiricalidation to the view that (3.1) and
(3.2) are empirically-valid relationships, and t{at3) and (3.4) are therefore empirically-valid
guarks masses because they can be used to closeloaectly characterize a broad range of
other empirical data. But there are further supppgrempirical 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 4JH + 2 — jHety (12.7MeV ¥ 2 (5.5MeV+) 2 (4MeV+) y4 ¢) v

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

(6.1)

Like the other binding and fusion results, thisliso expressed wholly and exclusively in terms
of the same two parameters: the up quark massdB8B)he down quark mass (3.4).
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6) Stable Neutron-Rich Nuclides: The fact that ldtent binding energy of the neutron in
(5.9) is greater than that of the proton in (5.8)abfactor of A, /A, =1.284 295 230 - teaches

that neutrons inherently carry 28.42% more latantibg energy than does a proton. This
immediately explains the clear empirical evidenicat tfor all nuclei heavier than helium, the
stable isotopealwayshave either equal numbers of protons and neutmorere neutron-rich. |If
one has a given nucleus, and seeks to fuse on tem @oton or neutron, it is clear that the
nucleon which brings in more energy available faclear binding will have an easier time
becoming and staying bound.

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 suppwttilable from some heavier nuclides
as well. To date, the author has characterizegerladditional nuclide.i, ‘Li, 'Be, °Be, 1B,
°Be, %Be, 1B, *'C, **C and™N with equally-high precision, exclusively as adtion of the up
and down quark masses. All of these derivatioadatailed at length in [5], so we shall simply
summarize them here.

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

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

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

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 0)/(2r)' = 0.034336422u.  (6.2)

B,=8m,+6m-2/mm+(2 m+2 m-11/ m g)/(zn)%:o.o42105716m. (6.3)
B=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 aB, =0.034 3471 (difference of
-1.07x 10° U); /B, =0.0421303 (difference of -2.45x10° (); /B, =0.04036511

(difference of -8.74x 10° ), and ;B, =0.060 &4 8u (difference of -2.16x10° ). So as
with H and He, these all have accuracy to pariiror 16 u.

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 sense emerges from the fusion relatipssithich were used in section 13 of [5] to
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establish (6.2) through (6.5) above. Specificaltyarrive at (6.2) fofLi we considered the
fusion reaction;He+2p - SLi+ € +v + Energy for which the empirical energy to seven digits

is 0.0020335 (, and after using the toolkit and “structurally-séate” integer multiples, we
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 is a difference of7.1x 10° u, with the coefficient 9. And to arrive at (6.3)rfLi we
developed theB* decay reactiorfBe+ e ] Li+v + Energy for which the empirical energy is

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

Energ)(ZBe+ e . Li+v+ Energ)/z 6y ( 2)1'520.000 9095 |, (6.6)

which differs by-1.58x 10° , with a coefficient of 6. And to arrive at (6#) ‘Be we worked

with the reactionjLi+p - /Be+Energy which has an empirical energy @006 0180 1.
Here, we found in [13.6] of [5] that:

EnergysLi+p ~ [Be+ Energy=18m /(27) = 0.006199 u, ©-

differing by 1.9x 10° u, with a coefficient of 18. It is these three dménts, 9, 6 and 18 which
not only vield very close results to parts pet 010, but provide structural sensibility as well.

When we build théLi nucleus onto an alpha particle in (6.5), we em@ating a nucleus
with 9 up quarks and 9 down quarks, i.e., with 9 dpwn quark pairs. And what is the toolkit

number that gets us atoi? 9 m, m /(277)1'5! How better to formally state that there are 9 up

/ down quark pairs than witB,/m,m, /(277)1'5, and to state that both the beginning and end-
products®He and®Li are absolutely symmetric undét - N andu « d interchange. In (6.6)
we have the isotopigB® decay from unstable proton-riclBe to stable neutron-ricALi for
which the toolkit gives u$m, /(27)°. (Keep in mind point 6 where we explained based

latent binding energies why nature favors extrano@g over extra protons for anything heavier
than He.) In this reaction a proton is being tchéi a neutron, but the unchanging nucleus
during thus reaction is the underlying stalilenucleus with is an isotope 6ki and an isotone
of ‘Be. The invariant structural piece of the nucletiich does not change, is the underlythp
with 6 nucleons. So what is the coefficient heMPy, it is 6! In (6.7) we are adding a proton
to °Li, and the toolkit yieldsl8m, /(277)1'5. Why 18? The nucleus at the root of this fusion

event is®Li, which contains 18 quarks! It is also interestito observe that thee three of the
main toolbox elements/m,m,, m, and m, are used in these decagg/m,m, /(277)1'5,

28



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

6m, /(277)"° and 18m, /(2)", that the"Li nucleus common to all three reactions appears to
drive these coefficients.

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

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

single energy dosg/m,m, /(277)1'5 to be able to establish tfiei with the start of a new shell
overlaid on the alpha nucleus, that is, to “entiae@”extra proton and neutron to join the alpha
core. For/Be+ e | Li+... with 6m, /(277)1'5 each of the six nucleons — three protons and

three neutrons — in tH&i core gives up a single energy dasg/ (277)1'5 to the 8" decay. And
for SLi+p - /Be+... with 18m, /(277)1'5, every single quark in thii core needs to give up a

single md/(27'r)l'5 energy dose to “entice” the proton into the cor&his then tells us
retrospectively to point 2, that to create a deutewhich is symmetric undeP - N and
U - d interchange, via Energ)(p+ p-2H+ ..)= %/rr][rrc] /( 2)% each proton has to

contribute g/m, m, /(Zn)g dose of energy which dose is similarly symmetrind to create a

triton via Energy(llH+fH - H+ ..): 2, each of the proton and the deuteron must

contribute an energy does valuedmat. This provides a deeper picture of what it meansay

that the “toolbox” elements need to be used witbffocients which are “structurally sensible,”
and we come to understand that when we observe &miom or fission energy released during
some reaction, that this energy originates fronolkection of “doses” of the toolbox energies in
relations to the structural elements of the invdlneclei.

We also see that the method of fitting the todiibbserved fusion o decay energies
is extremely important in building up larger nuelsd In section 13 of [5], we started with the
*He nucleus and built that infthi which is diagonally-adjacent upper left to lowsgght in the
nuclide table, per (6.5). Then we added a pro®mg6.7) and built this into its isotoriBe.
Then we diagonally beta-decayed this upper righiower left into’Li as in (6.6). Once lighter
nuclides are so-characterized, we have the abibity'weave” over from one nuclide to
horizontally or vertically-adjacent nuclides by exaing their decay energies, and then convert
over to binding energies via (5.13).

Further, we see from th#e binding energy 7B, = 2[R, + 2[4, — 2/m,m, and from

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

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

29



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

So the basic approach to “decoding the nuclear mgehas to establish the diagonal
Z = N =even backbones via the latent binding energy formuld @etermination of how much
latent energy goes unused (5.12), then “weave™way over to nearby nuclides while making
use of the various emergent coefficients to prowldes as the nuclear substructure and which
elements within the nucleus are emitting what epeagsages.

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

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

explain that why’Be is unstable and always decays rapidly into ##e nuclei. This is another
important empirical feature of nuclear physics whiow supports the approach here.

9) Boron-10: Further empirical validation is ob&dhthrough characterizing tHé, *Be,
1%Be, 1B, ', *2C and™N nuclides as the authors has previously donedticsel14 of [5]. We
shall not repeat those derivations here becaugeaifgeavailable at the original source [5]. But
the patterns which stated to emerge %dr ‘Li, 'Be, ®Be do appear in some places for these

even-heavier nuclides. An excellent example of ikithe Be+2 p- Y B+ & +v + Energy
reaction, which is analogous ftHe+2p - ZLi+ € +v + Energy as summarized in (6.5). The
empirically-released energy in this reaction0®06 92101 And as found in [14.3] of [5],
symmetric undeu ~ d interchange as expected for ady N nuclides, we obtain:

Energy( JBe+ 2p— B+ é+v+ Energy=\/ mm+ 18 mp ( 2)°=0.0069234, (6.8)

which differs from the empirical energy ®:4x10° u. What is extremely striking is that the
creation of {Li with 9 up / down quark pairs fronjHe contained a9,/m,m, /(277)1'5 term
shown in (6.5), and the creation §B with 15 up / down quark pairs frorfiBe contains a
exactly the same term, but now5,/m,m, /(27)"°. This cannot be mere coincidence. This
reveals a very definite and meaningful data patteAs with ;He+2p - JLi+..., each quark
pair in the JBe+2 p- 'YB+... contributes a singlg/m,m, /(277)1'5 energy dose, except now
there are more quark pairs — 15 rather than 9make such a contribution. But the new feature

in (14.3) is that there is also a single overél‘q,n]j dose. Because structural sensibility is
important in discerning which possible relationshgpe true signal and which are mere noise, we
need to closely look at the structure of the nedichvolved. Earlier{Li opened up a new 2s
shell for a protons and a neutrons alike, but irtt#s orbital angular momentuml0 as it is for

1s. Now, howeveryB is opening up a new 2p shell for a proton andwiros, and these shells
havel=1. So to create this shell, so as to sustaih hgtroton (extra up quark) and a neutron
(extra down quark) in akx1 state, we need some additional energy. ;yhgm, term appears

to tell us that thé=1 proton contributes the), and thel=1 neutron contributes they, to this

30



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

Jm,m, energy does an the price for entry and maintenamaa orbital state. 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 exacthalktp 12 u by definition, also is of keen
interest in terms of confirming certain patternseatly seen for théHe and®Be which are the
first three nuclides witlZz = N =even. This sits on the nuclear backbone, and so w&trgaght

to (5.12) withZ = N =6 to obtain the latent binding energy and then seeinuch is subtracted
away, i.e., held in reserve to confine quarks rathen bind the nucleus. The empirical binding

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

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

The empirical difference i$3.10508 10° . Thus far theu - d-symmetric energy number
we have used ig/m,m, , yet the above makes clear thmf+ 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 tiie, + m,)/(277)"° energy doses. But Iik€B, *C has
nucleons in the 2p shell must sustain yet anothe@op and neutron in dal orbital state. So in
the same way tha{/m,m, sustained the first proton / neutron pair in abitaf state in (6.8),

m, + M, sustains the second proton / neutron pair iftteorbital. This also establishes a very

definite and meaningful data patterrzor the remainindBe, °Be, }'B, *'C and'N nuclides
which the authors has also characterized, we aki tho further space here, but refer the reader
to section 14 of [5].

11) The Proton and Neutron and Constituent Quarlsddst If the foregoing are not yet
overwhelmingly convincing evidence that the primaeilationships (3.1) and (3.2) are correct,
that (3.3) and (3.4) are indeed te=0 masses of the up and down quarks, and that th& qua

masses can systematically be used to decode theangenome in a way that has never been
done before, then the crowning empirical validattmmes 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 semmarized here to
establish overwhelming empirical support beyond ssgasonable doubt. The next section will
then turn to the underlying theory, that baryores thie chromo-magnetic monopoles of Yang-
Mills gauge theory.

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

numbers. Because we already know the neutron npnot®n mass differencél, —M, in
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relation to the up and down quark masses from thmagoy relationship (3.2), we are one step
away from knowing the proton and neutron massemdktves if we can also determine
M, +M,. So the objective is to deduce the sum of these masses. Once that is the

objective, there is an important symmetry beneéthave already seen with tile= N nuclides:
we expect thaM , + M, which represents baryons with a combined tot& op and three down

qguarks, must be symmetric under- d interchange. This greatly restricts the toolkéneents
we may use to eithem, m, products omm, + m, sums.

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

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

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

the construc{/v Jm, m, =901.835259 Me\ lands within about 3% of the actual proton and

neutron masses. To use a golf analogy, this plideeball on the green; now we need to figure
out how to hit it into the cup.

The next step was to emplajiag(®. ) =v. diagd = ( 02 +1 74 + £ 2 -2) which
is a Fermi vacuum in the adjoint presentation fementary fermions which were grouped into
an (V,(UR,dG:dB),e( ds, U, LE)) octet in the fundamental representation of an $G&nd Unified

Theory (GUT) that the author had used to breaketeetroweak symmetry and which naturally
explained the existence of three fermion generateomd CKM mixing and so answered Rabi’s
long ago quip about the muon, “who ordered tha®Minly put: the electric charg€¥of the up

and down quarks needed to en%& Jm,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 charge magnitudesdia the author in [5.8] of [6] constructed

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

Y3vemy 0 0 Y5 m 0 0
T 0 Yvem O 0  {zwm 0 |[=3FFyv' mm (6.10)
0 0 zvm || O 0 {ivnm |

=1857570635 MeV
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which was understood to apply to all but the curpprark mass surBm, + 3m), associated with
M, +M,. Upon adding this sum to (6.10), it was foundbiri0] of [6] that:

M, +M, :3(«4/§VF2me, +m ng) =1878.961415 Me\. (6.12)
which differs from the observelll , + M, =1877.837 425 Me\ by a scant 0.0599%!

The balance section 6 of [6] was devoted to ctpsims gap. In sum, it was found in
[6.6] of [6] (see also [5.14]) that trexact M + M includes a mixing anglé, and a phasé

parameters which also need to be in (6.11) growingof the fact that the up and down quarks
have oppositely signed electric charges, and beatdmplete expression is:

M +M, = 3(44/§VF2mej exp( B)+( m+ m) coﬁl). (6.12)

It was then deduced in [6.28] from teenpirical M, + M, that cosg =0.947454242 and in

[6.30] that 0 =0 by mathematical identity The latter resultells us that there are no CP-violating
effects associated with neutron and proton, whelalidated by empirical data that the mass of the
antiproton is equal to that of the proton, and kirty for the neutron, see, e.g., [19], [20], while
former result boils down and bundles up the probdéraxplaining the proton and neutron masses within
all experimental errors, to the problem of explainithe value of the “nucleon fitting angle”
cosé, =0.947454242 within all experimental errors.

Because thig, and the phas@& emerged from matrices with were mathematically the

same as the CKM mixing matrices, it made senseetilscosd, =0.947454242 could be

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

ud Vus ub 1 0 O C13 O S.L3 e_idls q2 %2 0
V=1Vy Vs Voo|=|0 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 ¢ 1537 812823813@ S3Gs ) (6.13)

$:9:” G,G:9:6 ~ G S5 $6.8e &

0.97427 0.00015 0.22534 0.00065 0.003%4™
=| -0.2252Q+ 0.00065 0.97344 0.00016  0.043%:
-0.0086759%%2 - 0.04047%%%. 0.999146. 20002
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and the Jarlskog determinant which is a phase-ctioreindependent 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 tha/| =V, V..Vy+ VoV Vit VyVoVis VaVoVg ViVeVs ViVeel by
construction, but this has two parts which we ¢h& “major” and “minor” determinants
|V|+ :\/udvcs\/tb+ Vuchthd+ Vuchd\/w and |V|_ :\/ubvcs\/td+ Vuchthb+ Vuchb\/1 such that
V|=|V|, -|V_=1. From the median empirical magnitude-only datag walculate
V|, =0.94753t and V| =-0.05235¢ thus V| =|V|, =|V|. =0.99988¢, while the CP violating
aspects ofV are captured byJ=2.96022x10°. Then, comparing the data number
cosf, =0.947454242 with V|, =0.94753E, it begins to appears as @osg, may in fact be
synonymous witHV|+. In fact, when considering the experimental exiar(6.13), then we find
in [7.4] of [6] that|V|, =0.947454)70°, i.e., that0.947273|V| < 0.9479Z. This places the
nucleon fitting anglecosd, =0.947454242 predicted from the actual proton and neutron

masses, well within the experimental errors|¥r .

So, once again driven by empirical data, we idgntiosg, =V|, which connects the
CKM matrix with the nucleon fitting angle, and alssing d =0, we then rewrite (6.12) as:

MN+MP=3(</%VF2M+( m+ m)| \K)- (6.14)

Now, this sum becomes specified withai experimental errorswhen (6.14) is then solved
together with the primary relationship (3.2) fdt, —M,, we obtain theoretical values for the

proton and neutron masses which are a functiomlyffour parametersm, and m, from (3.3)
and (3.4), the Fermi vev, ank!i/|+ obtained from the CKM mixing matrix. Solving in
combination with the mass difference of the primaghationship (3.2) then yields the separate

masses in [6.31] and [7.6] of [6], namelyngzrrL m =, M, M, , see [5.14] of [6]):

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

This then provides the basis in [8.3] through [&B6]6] for obtaining the so-called “constituent”
guark masses (which we shall refer to as “contielitquark masses) in which the current quark
masses are bundled together with all of their agtst non-linear behaviors to specify their
separate contributions in the order of 310 to 32€VMo the overall observed free nucleon
masses.
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12) Charm, Strange, Top and Bottom-Flavored BaiMasses: If the proton and neutron can
be expressed in terms of the up and down curreatkqumasses as we see in (6.14), then this
suggests that other flavors of baryon containing tand b quarks can similarly be expressed on
these second and third generation quark flavorsnateded. In this regard, the culmination of
the development leads us in [6.17] of [6] to a “exasd mixing matrix’®© given by:

My Mmmy M meGs, s W mmmes e

+ /M M ,mmc,c, & +yMM,;my/ mmg § €

Jmmymm/ MMss,

6.17
©=27) -mm{ymmge s mmomecLL ( )

MM, mmms, ¢, & ~ MM, mm./mms,s &
Jmmy MM/ mms s, -/ nm MM 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 parameteozappearing in (6.13). If we setthec, s, t, b
masses equal to 1, sets,=s=0 and take the trace, then we obtain

%Tr@z’s(:‘/gvﬁrnjmj exp( B)+( m+ m) cosﬁl): M,+ M, in view of the above shorthands
for M,., and M, ... This is identical to theVl, + M, sum in (6.12), and it means that the

proton and neutron masses are embedde@ ias a special case. Thus, it must be considered
that upon further study, this matrix will help prde an explanation of the various c, s, t and b
flavored baryons. It should be kept in mind foly atudy in this direction, that in (3.2) we
definedthe up and down current quark masses from theprahd neutron masses which are
known with much better precisions because theybeastudies as fre® — 0 particles whereas
guarks are confined. It is to be expected thamidas approach will be warranted when it comes
to these second and third generation quarks anblaty®ns within which they are confined.

Jmm my MMs ¢,

13) Who Ordered That?: Why are there Three Fer@enerations?: Having just discussed
the second and third generation quarks and baryibns, worth now going back to Rabi’'s
original quip “who ordered that?” about the muMvhile 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 yewshhbe theoreticaimperativefor having
three generations, or for the mixing of these gatnans. These have bedascribed but why
nature manifests itself in this way remains unexygld. The author in [18] shows how three
stages of symmetry breaking of the SU(8) octupJ,e{tJR,dG,dB),e( ds, Us, qg)) already mentioned

in point 11 above and integrally used in derivihg proton and neutron massesds inexorably
to the appearance of three generations of quarklaptbn and CKM-type mixingin retrospect,
it was the author’s unfortunate omission not t@mence this finding as to the three generations
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in the title of [18]. Unlike what has been disassn points 1 through 12, this isgaalitative

not quantitative concurrence with empirical dat&ut it is equally important because the
existence of multiple generations has, until nosmained one the great unexplained empirical
mysteries of nature.

14) Resonant Nuclear Fusion: All of fundamentakrsce has technological implications
which may be developed over time, and the foregaéngo exception. Protons and neutrons
bind together to form nuclei. When they do so thedgase fusion 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, eactl avery 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, fi@nation rests in the current masses of the up
and down quarks which these nucleons contain. p8tggack and applying hindsight, there is
little else thatould account for these energies, because protons arbne are no more and no
less than systems containing quarks and their yHgbh-linear interactions. But if that is the
case, as pointed out in section 9 of [2] and momapietely elaborated in [5], then the binding
and fusion energy “toolkit” discussed in point 3safction 5 which specifies the most elemental
energy dosages released during a fusion event manobonly a theoretical toolkit, but also a
technologicalone.

Nikola Tesla, who possessed one of the greatesbrival aptitudes for extracting
technology from science, once stated “if you wanfimd the secrets of the universe, think in
terms of energy, frequency and vibration.” Sdé secret we wish to extract from nature is how
to extract energy via nuclear fusion in the besy wassible, and if think about vibrating nuclei
and nucleons in resonance with certain energiesfiapiencies that might facilitate fusion
better than can be done absent this vibration, therforegoing toolkit energies which explain
the nuclear binding and fusion data provide a cdimgeapproach. It is on this basis that the
author has proposed and filed the internationakrgaapplication [5] for catalyzing nuclear
fusion by bathing a nuclear fuel in gamma radiatednenergies established by the discrete
energies in the dosage toolkit. This needs tebted and if viable, developed, but the testing is
very simple: In experiment 1, Carry out a givesidm reaction in the “usual” and “ordinary”
way and carefully assemble and monitor all of theables, e.g., temperature, power, density,
etc. which are involved, as an experimental “cdritroThen in experiment 2 apply gamma
radiation proximate the toolkit frequencies whicte gertinent to that fusion reaction, and
change nothing else. Make certain that the orffierdince is that in experiment 2 the gamma
radiation is applied and in experiment 1 it is ndbee if the fusion moves any of the key
variables in a “fusion-favorable” direction. If does, then the further development of those
results may provide the path for more practical ardkespread applications of nuclear fusion to
produce commercial energy. And, any favorable chabgsed on using the toolkit energies
would be a further empirical validation of theseestfic results.

15) Decoding the Nuclear Genome: The many waysfuhdamental purpose of this paper
is to present overwhelmingly-convincing evidencepgital evidence for the viewpoint that
there is in fact a nuclear genome which needs tadmded if humankind is to advance its
understanding nuclear and elementary particle physyond where it stands at present, that this
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nuclear genome is physically manifest through mlétirelationships in which the nuclear
masses and mass defects and binding and fusi@siorii energies are expressed in terms of
current quark masses (and in certain instances-énmi vev and the CKM quark generation
mixing matrices) which quarks masses can be estaai with the same level of precision as
these other mass / energy parameters, and thattthils can be achieved using an unambiguous
electron-proton-neutron (EPN) measurement systemdéfining the Q - 0 quark masses

notwithstanding the fact that quarks are confined so can never be directly observed in the
guiescentQ =0 states of being.

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

from the EPN masses and then posed the three guestvhether 1) it is legitimate and
unambiguous as a measurement system, to est&phksh quark masses in this way, 2) whether

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

The evidence presented in this section of pantstpe 1 and even 10AMU empirical
fits between the up and down quark masses andpiaulight nuclide binding energiési, *H,
*He, “He, °Li, Li, ‘Be, ®Be, 1B, “Be, %Be, ''B, *'C, **C and™N, very tightly-bound nuclides
like *°Fe, and even the proton and neutron masses thezaseithin all experimental errors,
demonstrate beyond any reasonable doubt that teafly do exist definitive relationships in
nature between the up and down current quark masgka plethora of energies observed in the
nuclear world, and that the up and down quark nsaase indeed the masses deduced in (3.3)
and (3.4) with a precision close to a billion timeter than anything that has been achieved to
date by defining quark masses from the resultauofear scattering experiments. If our purpose
was to validate the primary relationships (3.1) &\.@) and thus the up and down quark masses
(3.3) and (3.4) by showing thetthese relationships and masses are regardedeasémny other
nuclear energies could also be similarly-relatethése masses, then every single one of points 1
through 11 of this section contain further examplésecondary nuclear energy relationships
which can be expressed in terms of the up and dmwent quark masses, just like the primary
relationships (3.1) and (3.2), thus providing oveslming empirical validation. Point 12
suggests possible additional validation (or conttamh) through the study of other baryon
masses, and it is also very important as we arenckad of in point 13, that this approach allows
us to finally answer Rabi’s questions about thénbigermion generations, “who ordered that?”

So at this point, the primary relationships (Zahy (3.2) have been amply validated by
empirical data, and this validation also demonssrdhat the EPN measurement system laid out
here yields sensible and unambiguous results. Mwmwtime 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 baryons are the chromo-magnetic monopoles aig¥Mills gauge theory as originally
presented by the author in [1], and thereafter,ent@eply developed in [10] which for the first
time fully lays out the quantum field theory folidlvia an exact, non-linear path integration of
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classical Yang-Mills gauge theory. In short, wevrtarn to the third question from section 3: is
there a firm theoretical foundation upon whichadlthis may be supported?

7. The Theoretical / Empirical Interface

The author’s thesis that the observed baryonstrerechromo-magnetic monopoles of
Yang-Mills gauge theory is what initially led folleng development in [1] and later deeper
elaboration in [10] to equations (5.1) and (5.2) dnen by subtraction of (5.1) from (5.2), to
equation (3.1). These three equations, in turcaie the foundation for all of the empirical
connections elaborated in the last section whianutatively provide overwhelming evidence
for the validity of the underlying theory, as haseb reviewed here. So because it is equations
(5.1) and (5.2) which are the “interface equationstiveen the underlying theory and the ability
to prove that theory by reference to the wealtleropirical data enumerated in the last section,
we shall briefly review the underlying theory astthe connection between Yang-Mills chromo-
magnetic monopoles and baryons, but leave thelslatiithis theory to the original source
materials [1] and [10], and place particular emphas how it is that (5.1) and (5.2) ultimately
derive from that theory.

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

support from a broad array of nuclear data [whiak how been done], then we get to the third
guestion: what is the overarching theory, and dbas theory make sense within the overall
framework of theoretical physics?”

And as to theoretical sensibility, the thesis ttied observed baryons are the chromo-
magnetic monopoles of Yang-Mills gauge theory idant exceptionally conservative, and is
grounded solely in widely-accepted, highly-settlddhroughly-tested science. Its novelty rests
in its deductive combination of known, accepted avell-validated scientific theories and
theoretical elements to uniquely and unambiguodsiguce new results and new explanations
for previously-unexplained observational data, saskvhat was reviewed in the last section. As
suggested near the start of section 6, while breawd ideas ought not to be ruled out out-of-
hand, a combination of settled science and sciengiements is preferable, and brand new
notions should only be used as a last resort wheretis no apparent way to succeed by
restricting oneself to combining known elementamknown ways.

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

current densities vial? :zZy"z//; d) believing that Dirac-Fermi-Pauli were corredben they

asserted that multiple fermions within a singleteysmust occupy exclusive states distinguished
from one another by one or more quantum numbees“fxclusion Principal”); and e) for the
guantum theory of chromodynamics QCD, believing tfeynman’s method of path integration
is the correct way to start with a classical fietgbation in spacetime (configuration space) for a
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field ¢ with source J and its related Lagrangian densityﬁ(gzﬁ,J) and action
S(g, J):j d (¢, J, and convert this over to a quantum field theoyygerforming the
integrationZ = expiw ( J) = GI Dy expiS(¢ ,J) and then extracting the quantum figd( J) in

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

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

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

closed spatial surfaces — do indeed have the earbeed antisymmetricR G B color
symmetry of a baryon and confine everything buitiestwith the symmetriRR+GG+BB color
symmetry of a meson witkj:ﬁ F #£0 being the classical representation of this mesax fs

established in detail in Part | of [10]. This candiion also teaches that employing SU(8%

the color group of chromodynamics is notteice but isrequired (the only choice is how to
name the three mandated eigenstat&s).chromodynamics is not a theory of first prinejdut

is a corollary theoryemerging inexorably from the combination of atigh d). And if one
further accepts and believes e), then the quaritery which emerges via theoretical deduction
following path integration leads to a running QCaupling which matches up to Figure 1 above
within experimental errors, as established genemalkection 18 and specifically in [18.22] and
Figure 14 of [10]. Finally, if one accepts f), thi¢ becomes possible to use this theory to obtain
(5.1) and (5.2) which is the bridge to empiricatiieg. But the fact that (5.1) and (5.2) and their
offspring (3.1) lead to all of the empirical comfiations already enumerated here provides
comfort that this treatment of quarks inside a baryas approximately-free particles is
empirically-valid. So let us now turn as direclly possible to how the interface equations (5.1)
and (5.2) are obtained and then work backwardsatmeghat in the overall theoretical context.

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

ITr2F.q,, ((0)), =Tr2[G,,.G, ]((9)),

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

The notation inzF ,
remind the reader what this means. Then (7.1) simply reminds is of the use of the sgim
% indiu= N?/( E+ m(/p+ mduring the course of the derivation starting wigh1p] 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. The((o))O notation developed in section 8 of [10] tells hattthat (7.1) is

((0)), is a bit cumbersome so let us simplify this a &itd also
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taken in the abelian limit of non-abelian gaugeotiidor which G, ((O))0 = (k,kr -nf+ is)_1 J,
and in which we have not recurs@] into itself at all. As shown in section 7 of [1@]natural

consequence of the non-linearity of Yang-Mills gatigeory is that when we invert the classical

Maxwell chromo-electric charge equation betwe@n and J,,, we find thatG, (G,, J,) is a
function of itself along withJ ,, and if we recurse time before cutting off then we denote this
as Gﬂ((o))n. To simplify, we shall simply keep the subsctt as a reminder thaf,, above

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

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

the closed surfaces surrounding the “faux” magnsigrcesP’ = —id[G, G] =-idGG of Yang-
Mills gauge theory. This is because the terd& in the complete field strength
F=dG- i[G, G] identically drops out of any expression tﬁs F becauseddG=0 because the
exterior derivative of an exterior derivative isrgein differential geometry which is why
<ﬁ> F =0 in electrodynamics, which combines Gauss’ lawnfiagnetism and Faraday’s law for
induction. This is the heart of how baryons armotktically developed from the monopoles of

Yang-Mills gauge theory by deductively combiningre a) and b) above (Maxwell and Yang-
Mills are both correct theories of nature). Thus shall retain the “eff” subscript as a reminder

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

flowing <ﬁ> F # 0 portion ofF in the zero-recursive order of Yang-Mills gaugedty.

The final aspect of (11.1) which we have not ystdssed, that this is a trace equation.
If we backtrack to an earlier equation such as(Pa2 [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:

l//_Ry[,u ( Pr— mR)_l Vu]w R 0 0
FeffO,uv =i 0 l//Gy[,u ( Pe ~ mG)_l yu]we 0 (7.2)
0 0 (//By[/J(pB_mB)_lyv]wB

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 emplirecanections reviewed in section 6. So let us
proceed to show how this connection is made. Willsessentially review section 11 of [1], but

with additional clarity. We begin by looking atetlgeneric expressioEy“,(p— m)_1 Y in
(7.2) for each of the three colors of quark.
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First, we separate the propagatorg ps m)_1 =(p+ n’)/( B - rﬁ) into two parts:

W —m™ :Znﬂ(p+m)n]¢/:rr@[yﬂ,n]w QZV[,,/DVV]QI/
wy[/l(p m) Yo 0% — n? - ni + - (7.3)

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

WY BVl = WK VoVal = PUK S Vol + PUY Vsl + PUY Y Va0 + PYY KV - (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 doap via the[,u,v]
commutator. Using,, =7, for flat spacetime, one may summarize the result b

WY Vol = 28,0 Yy VY (7.5)

So we use this as well as the Dirac covarjgnt y, |=-2ig,, to rewrite (7.3) as:
a'r)( v Y714

- -1 my v € @y yP)
oy, (p-m) o = -2 eH 5 "’;%W- (7.6)

p—m

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

Fettow = Fveiow ¥ Faeron 1N (7.2) has both a vectov)and an axialA) term.

e

Let us now set aside the axial teffy.,, and focus on the vector terf, ., in the

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

(9., - K,k /Mz2)/(K-M2)" in the k-0 limit for which G./2=g,2/8M,?,

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

p®> - 0 allows us to now write this matrix as:
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Yeo, Yeou¥r 0 0
mR
Fretow =2 O meGwG o | (7.7)
0 o YsOus
mB

It is this matrix which is the theoretical point @éparture for connecting with the electron rest
mass in (3.1) and the various nuclear energieosédd in sections 3 through 6 of this paper.
So now, with the benefit of two years of retrospecperspective including the many empirical
connections enumerated in section 6, we shall @dtiei that connection which was originally
uncovered in sections 11 and 12 of [1] between) @nd observational energy data.

As reviewed at the start of section 5, the enefgyure gauge fields in Yang-Mills theory
may be deduces by taking :I” d°x2TrF, F* in both outer and inner product traces. We
now have anF, ., in (7.7) above which flows from the thesis thatyoas are the chromo-

magnetic monopoles of Yang-Mills and specificaltgrh combining Maxwell and Yang-Mills
and Dirac Theories and Fermi-Dirac-Pauli exclusio®o we shall use this to deduce the

associated enerdy.

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

3 TrR

VeffOuv
wRO-,uva IZRaﬂva + ZGJvaG EGJuva + a Bo-,uvl//B IZBalvaB

Mk Mg m m m i
+2¢/Rauva ZGU"”% + Zl/leauvwe lZBJ/le//B + 24[/ 87 s IZRO-IUVwR
M ms m m m R

uv
D I:VeffO

(7.8)

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

%TrFVeffO,uv (Fyero = Z[wRi:wR wRJn:wR + wGUr;’:[IG l/jGar::l/jG + y BUr‘;ng l//BU:;‘//B ] (7.9)

So the inner product has pure-color RR, GG and BRlyxcts while the outer product adds RG,
GB and BR cross-color products.

Next, we refer to sections 7 and 8 of [1] as atoewed in section 10 of [10] whereby
for the proton, the RGB colors of quark are respebt assigned to and have the appropriate
flavor generators for the duu flavors of quark &mdthe neutron these same colors are assigned

42



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

to and have generators for the udd flavors of quarkerefore, (7.7) is use to derive both a
proton @) and a neutronN) field strength:

Y. Yao,44 0 0
m
I:V Peff Ouv =2 0 % 0 ) (710)
0 o YTt
m,
[zua-,uku 0 0
m,
R Nefrow =2 0 wd m, wd 0 (7.11)
0 0 wd Wy
my

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

o v T MV 1 v
%TrFVPeffO,WDFvPeﬁOHV: [wd;‘r:;vwd ‘//d‘:njwd l//u r/Tijvw ‘//dangwd wu %‘/’ wuameJ,U.lZ)

STOR et O Fuar” = (w”iff‘“ pe Yo e R d"‘;‘”dj.w.ls)

And if we subtract (7.12) for the proton from (7)I8r the neutron, we find that the difference:

_2(3Zd0-uvwd Wao Yy _ w“ Tl lzuawwu)(7.14)
m, m

1 MY 1 y7i%
ETro NeffOuv U I:v Neff0 ETro Peff Ouv O FVPeffo - m, m

It is (7.12) which eventually turns intg, = (md +4/mm+4 m) /(277)% in (5.1), (7.13) which
becomes E, =(”L +4/mm+4 ng) /(27)* in (5.2), and finally, (7.14) which tums into

Ey-E,=3(m,- I’TL)/(Z]T)% = m (5.3) a.k.a. the primary relationship (3.1). Csteuld
closely compare all of this, because these is hiogv dtructure of the theory that baryons
including protons and neutrons are the chromo-miagnenopoles of Yang-Mills gauge theory
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bleeds through to (5.1), (5.2) and (5.3) which Ibeedhe basis for all of the other empirical
relationships heretofore reviewed.

Specifically, as will now be reviewed, when we ugé.12) to (7.14) in
E=([[[4TrF, F*d’x, carry out the integration, and then establish rthemalization of the

Dirac spinors by comparing the theoretical energgults to empirical data (“empirical
normalization”, see [1] after [11.29]), we uncoverm mapplngswu Wl// z,au oW, /m? = m,

YO, WO, Ws I MP = my and @,0,W¥.0,0, mm=.mm, together with the

(277)% :\/277 divisor which emerges from thie :J'J'I%TrFWF”VdW integral over three space
dimensions. Let us now review how this is done.

All of (7.12), (7.13) and (7.14) when used as iréegls in E :IH%TrF#VF”VdSX will
yield one of three distinct termg:E,,, = [[[ d°xp, 0,04 ,0,,¢,/ M’ which is a pure up / up
term, $E, —Hj d*xy o Wl//dl//d o,¥s m’ which is a pure down / down term, and

+E.q J“ &0 oW, Zdayvl//d/ m, m, which is a mixed up / down term. The factoriofs to
account for the overall factors of 2 in (7.12) tigh (7.14) so we are comparing energy numbers
to energy numbers. These are then weighted witi@roverall energieg = ”I 3 TrF, S d3x

via the constant coefficients (1, 3, 4) varioughype@aring in (7.12), (7.13) and (7.14). And these
also become the “energy dosages” in the “toolkiStfreferred to after (6.7) which physically,
are emitted from nuclei during fusion events. feo,example, we earlier spoke after (6.8) of

how nine (9) energy dosex/m,m, / (277)1'5 are emitted as energy whéHe is fused with two
protons to creatfLi with the same number of nine (9) up / down quaalrs, and of how fifteen
(15) energy doses5,/m, m, /(277)1'5 are emitted whefiBe is fused with two protons to create

9 i with the same number of fifteen (15) up / dowmack pairs. What we were really saying
when more formally-specified in terms of the ungieid theoretical physics, is that in the former

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

Let us start with the generic expressidi :J'J:f d3xZJWz//ZJWz/// nt for a fermion

Wavefunctiongl/(x) and take this to be representative of the up amdguark, when used in the

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

to spatial-dependency qf/(x). We can choose from a range of possible funsfi@ng.,

Lorentzian, exponential, Gaussian, etc. Indeeg,fanction may be used, whether or not it is
radially symmetric, provided it is renormalizabladaso finitely integrates when placed in
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1E=[[[d®wo,pyo,pint. Asanansatzto be able to perforromenumeric calculation,
and without limitation as to any othansatzthat another may choose, the author at [9.9]1pf |
chose the radially-symmetric Gaussian wavefunctjo(r)=u(p)(7/ nf)_JSexp(—% nf( 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 a daliton with the hope that energy numbers
which makes sense in relation to something obsemvigtit emerge from this calculation; other

exploratory choices fog/(x) are also possible.

Now, a Gaussian is the standard expression usept@sent a minimum-uncertainty
wave-packet and thus is associated with free pesticSo, one may ask whether this “freedom”
is suitable for quarks which are confined. Butr§gare in fact asymptotically freeso aside
from the “edge” region of a nucleon ne@=A,., as discussed in section 2, a free-particle
Gaussian would be a good approximation to an “apprately free” fermion such as an
asymptotically-free quark. Also, wave-packets saslthe foregoing Gaussian with a standard
deviation comparable to their Compton wavelenglh=#m/ c contain negative-energy
amplitudes indicating the presence of antiparticlBst we know that nucleons are teeming with
quark / antiquark states, exhibited no more cletiran through the manifold ajgq meson jets
emitted under any substantial scattering impacinalfy, the Compton wavelengths of the
current quark masses are on the order of 40 Femnthe down quark and 85 Fermi for the up
quark, which exceeds ~ 2 Fermi length sagle 71/ cA ., =2.1780 fm of A,, by more than a
full order of magnitude and so “bleeds out” frone fbroton and neutron even though the quarks

are confined. But as noted after (6.16), see this@nd of section 11 in [1], the constituent i.e.
contributive quark masses have a standard deviafitess than 1 Fermi which places them well

within the r, length scale. And what we learn in sections 5 @usl that although the current

guarks are confined, their mass values are theatairtvers of the energies which do pass in and
out of nuclides and nucleons during fusion andidisevents. So while nucleons do confine
qguarks,they do not confine energieand the energies they release are driven dirdstlyhe
current quark masses. Thus one can acquire soraktatjye comfort with a Compton

wavelength that extends beyondby over 1 order of magnitude given that the saraealength
drives the energies which also bleed out from thelaons. So we set aside playing “Hamlet”
over whaty (x) to use, we keep in mind that differepi(x) can be tried and that this might be

an interesting exercise, and we go it = j H dSXZJWl//zZJW(/// nt with a radially-symmetric

Gaussian and with the Compton wavelengths of theestiquarks masses setting the spatial
spread and see what comes out.

So, we Setw(r)zu(p)(ﬂ/rrf)_]sexp(—% nt( r- 5)2) in 1E :”.[ d*spo, pwo,wi nt

four times which yields fourth powers of the terimgy/(r), and remove the space-independent
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terms  from the integral. We then make use of theolution
jjjd3xexp(—2n?( r- 5)2) =(7 12 In? for the Gaussian integral, and finally reduceugh

1E = [[] @2 Yo, 440, %(%T—wﬂv uw,, J[f d >exp(—2 mh( 0r)z)

_1 ﬂ“(ffiaa i u=— " W e
oy [ o e (277_) w A

(7.15)

NI

So we see how the this integration converts the penms and also injects(an)% divisor via

Yo WW WM = mu/(2ﬂ)% and ¢,0, W0, M= md/(ZH)%. The (2/1)%
which was laced throughout the empirical calcutasion sections 3 through 6 is seen to have its
fundamental mathematical origins imd3xexp(—.5Ax2):( 27 /A* which is the three-space

Gaussian integral. And we see that for some diffemot-Gaussian normalizabje(x) with a
fourth-power integral” I d*xf (x) = M, whatever factor appears in place (@z7)° would be

driven byM. Beyond m/(2ﬂ)%, because of the Dirac spinors being a functiffmp), the

remaining term_JUWuIUW uin (7.15) above is a function only of massand momenturp. The

Dirac spinors are subject to normalization and tilmanalization can behosen So we should
choose the spinor normalization such that the @enermmumber in the resultant

3 = - . . .
1E=m/(2n)’ O, uw,, L makes sense in relation to an observed energyesgies.

So we return to (7.14) which contain only pure/wp and down / down terms, and so
can make use of (7.15). Specifically, combinind.4¥ and (7.15) enables us to write:

E = E\/NeffO - E\/NeffO :III d3 XlTI' I:\/NeffO,uv VNeffO III CF )%TI’ V Reff Quv I:V Reﬁoﬂv

= 3 e wda L2 s VTt ‘//ua'ﬂv‘//u . (7.16)
2 4o ( j {0 |

mug,, Y ug,, u}

(2 )

This E, represents the energy difference betw&p, = [[[ d*x: TRy, O Rerd” for the

(o)

neutron and proton vectoWV), monopole-effective, zero-recursive-order purgdfistrengths
(7 11) and (7 10) And it will be seen that if wvermalize the Dirac spinorsuch that

uqo,, Uy = uuaw U, L ug,, 4=-5, that (7.16) will reduce to:

46



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

Exr = B/ netro = Bvperro :i( m, - mu)’ (7.17)

(271)

which is (5.3) a.k.a. the primary relationship §3upon which all of the empirical results from
section 3 onward were based.

Nl

Now, as was stated after (5.3), and as may bewedeéan section 11 and specifically
[11.21] of [1], the author first evaluated (7.16)d(7.17) using the PDG datg, =2.37! MeV
and m, =4.89>MeVand its error bar ranges to deduce t286 MeV<E, < .704 Me\, with a
median value ofg, =.495 MeV which is only about 3% off from the electron resss based

on PDG data with error bars much larger than 3%e @uthor then hypothesized for further
confirmation which was subsequently successfulhi dther ways enumerated section 6, that

this energyE, = E, o — B/ rerio 1S IN fact equal to the electron rest mdmecause in the zero-

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

rise to the observed neutron minus proton massrdifce has been turned off. Thus (7.17) is a
relationship which contains only a “signal” for bacurrent quarks without “noise.” And with
only signal and no noise, it is sensible that teetron “signal mass” would differ from the
proton “signal mass” by precisely the mass of tleeteon.

So this data concurrence motivated the author tonge=s E, = E, 4o — B rio DY

definitional hypothesis, which then mandatéﬁ,awududawud:_upw q,_upw y=+ for

normalization because this is what reduces (74§Y tL7) which then enables the empirically-
accurate definitiom, = E, = E, \.so — B rto- When we then calculate out the consequence of

this “empirical normalization,” we find in [11.29f [1] that the quark normalization coefficient
has the form N*=-L(E+m)/2m, and specifically, thatN?=-1(E,+m)/2m and
N,° =ﬁ(Ed + rrh)/z m, for the up and down quark spinors respectivelysedaon the

conventional definitionu®®" = N()((S) )((S)am)/( E+ nﬁ) It is also of interest as discussed in

Figure 3 of [1] that by empirically matching up X7) with the electron vian, = E, the deduced

4! constant in the divisor of the normalization caréint happens to coincide with the precise
number of fermions known in nature: 4=3+1 colorsqofrk plus lepton times 3 generations
times 2 isospin states up and down.

So if E, = E, vero — By perro @PpPears to produce a close empirical result, oigétrexpect
each of the neutron and proton signal ener@igs,«, and E, .., to also have some meaning in
relation to something that is observed, so the s is to study these energies. But as noted
after (7.14), the mixed energyE,, = ([[d*w 0,0 00,4,/ mm needs to now be

calculated because these up / down mixed integrappsar in (7.12) and (7.13) for the proton
and neutron field strengths. So similarly  to (7,15 we use

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

AT 72

-3

: ( ”N ”zjzauawuuad%% Il & exel~( 7+ ) - oY)

mm ) L m

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

:M( m,m T—

Uuo U, Udo,, U,
2 2 MV Hv
m,”+my

(7.18)

Nl

Vg

To solve the Gaussian we start with the solutfgﬁfwd%exp(—mz( r— 5)2) = /n? and may
then obtain H_[d3xexp(—(mu2+ m?)( r- 5)2):”3 I(m?+ m?)

substitutionm? - m?+ m? thusm’® - (mf+ ngz)i. As a check on the calculation we see that

3
2

by the variable scaling

in the special case whem, = m, = 1, the result in (7.18) will coincide identicallyathin (7.15).

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

+1 dimensional\/m looks a bit complicating at first. But we rec#flat in electroweak
theory there are similar expressions of the forpm, /( m?> + nf). Specifically, we recall that
in electroweak theoryg, sing, = g, cosd,, = e wheree is the electric chargeg, the weak
charge,g, the weak hypercharge, af] is of course the weak mixing angle. And we retiait

in the course of calculating from this one arriassing, cosj, =g,9, /(ng+ gyz) where
9,°=9,°+9,” is the charge strength of the Z boson with a ndss=1v.g, wherev, is the

Fermi vev. So them,m, /( m? + n;f) above seems suggestive that there is an analogaurs

angle rotating between the up and down quark mas&e$ us now explore this connection
which the author has not presented explicitly iry @arlier papers As the discussion of this
angle proceeds, the reader may find it helpfukferto Figure 3 following (8.15) below.

8. First Generation Quark Mass Mixing

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

48



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

m, Sin6 = m, co¥ = m. (8.1)

So immediately, becausand=m, /m,, we may draw a right triangle witim, on the leg
opposite andn, on the leg adjacerd, and thus with,/m*+ m,®> on the hypotenuse. Therefore

sind=m, /\ym?+ m?, cosd=m, /J/m?>+ m? and thus:

MM - M (8.2)
mi+m?®  m

sind co =

which is identical to the factor to the 3/2 poweattappeared in (7.18). In the above we have
defined m,* = m?+ m?simply for convenience, and used the Greek zeteruind us of the

analogy to the electroweaty,” = g,° + gyz. So we can use (8.2) to remove the masses fram th
factor, and instead express it in terms&otthus:

u

w0 =[] d*x 0D T LT (sin@ cosv)* u

o - 0, U, Uy0, Uy (8.3)

N|H

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

angled = 24.381 777 8°. Additionallym, =,/m?+ m* =0.005 78376 u= 5.386 90110 Me'
may be deduced.

At this point, we have all that we need to retton(7.12) and (7.13), use them as
integrands inE = J'J:f d*x3TrE, O F* for each of the protorF, ., and the neutrorf, .,

and thereby calculate associated ener@igs,, and E, ..,. Inserting (7.15) for both the up
and down quarks and (8.3) into (7.13) and (7.14pktain:

B perro ZJ.J. XTI R perow O R perrd™

_2J'J'J'd3 ‘//d ‘//d ‘//da ¢/d l//u a, Y, ‘Zdaﬂvwd wu I QZUJ‘”% ,(8.4)
m, m m m m
=2 - _4,0,u,0,0, u+ 4 (sing cod)! Ua,, 4 uo,, Y+ A yo,, Y ug,, y
(2m)’ w (2m)’
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B Nero =” *X3TrR weow O Foneno™
= 2J.J.J.d3x Zua-,uvll[/u QZuUW% + 4auaﬂv¢/u adawwd + 4Zdaﬂvwd lszW‘/’d (85)
m, m, m m m m

T 4
3UUUV u U % +4 UV O-V +
(2n) I AT AR N P}

=2[ m, u UL (sing co®)? u,

T U0 Y W u}

Next we apply the empirical normalizatia?n,awudﬂdaw Uy :_uuaw LL_UUUW y,=3 used
after (7.17) to conform the deduced energy diffeeck, = E, \xo — B, perro With the electron
rest mass viam, = E, which results inN,* =—(E,+m,)/2m and N,* =L (E, + m,)/2m,.

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

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

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

Eyporo = [ XTI R g O Fypugs” = et 43T (sing cos) ! + 4%, (8.6)
(ny 7 (2n)

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

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

(md+4\/—mj+4 m) (8.8)
("L"‘4\/_mj+4 rq) (8.9)

B, perto :” XTI peow O Foperd™ =

()%
()

These are now identical with (5.1) and (5.2), whibkn led in (5.8) and (5.9) to the
missing mass averagé(AP+AN):8.7l4 9941 Me\ at the empirical peak in the nuclear

binding curve of Figure 2 and the 99.9710% matshthte *°Fe binding energy and an
understanding of how this relates to quark confieetrand nuclear binding and to the toolkit

massesm,, m,, /m,m, and the foregoing divided b(/ZIT)%. This then exploded into the
plethora of empirical matches enumerated in sedieniminating in the neutron minus proton
mass difference in (3.2) which was then elevated @ primary relationship and used in
combination with (3.1) to deduce the very precipeand down quark masses (3.3) and (3.4).
And this further led once the Fermi vey and the CKM mixing matrix are brought to bear, to

B Nero :.[.f.[ XTI weow O Foneno™ =

N\w
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the proton and neutron masses themselidsn all experimental errors So it is abundantly
clear that (8.8) and (8.9) can be connected tighilly and indeed are the springboard to a whole
wealth of nuclear energy data, and thus are enafliiaccurate relationships to high degrees of
precision. But there is only one problem: to genf (8.6) and (8.7) to the empirically-validated
(8.8) and (8.9) we employe@=7/4=45. But from the definitions (8.1) and (8.2) and the
guark masses (3.3) and (3.4) which are one ofdéhsequences of (8.8) and (8.9), we found that
0 =24.381 777 8°, not 45°. So what do we do?

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

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

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

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

In addition to#, let us introduce a new angfe defined suchp=0 when the current
quark masses are (3.3) and (3.4). That is, waéefE 0 to be the mixing angle associated with
the Q=0 current quark masses (3.3) and (3.4). So likevageimplication, =0 is the

associated angle for all of the empirical data ted and enumerated in sections 3 through 6.
Then, because (8.2) and (8.3) teach that tisegerotation occurring between the up and down

quark masses which maintainsra =5.386 9011 Me\ hypotenuse, we shall defigeby way of
the mixing relationship:

S B ] (]

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 guark 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 tlrr 0.453 236 693 an@ll= 24.381 777 8° which is a mismatch

with the empirical data. In fact, as we indicat®we and will shortly elaborate after some
further mathematical development, béthnd¢g need to be understood not as fixed angles, but as

variable angles with run with Q i.e., as#(Q) and ¢(Q), which thus help to specify the
behaviors ofall of the empirical data previously developed asration of Q for Q>0, including
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the running. Most directlymf, = m,( Q and nj, = m;( Q now specify the running of the up
and down quarks masses as a function of the retiaatian scale / impact ener@y.

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

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

1
Eyreio = [[[ @ X4 TR petou O Fymnd” = g(md+41/ m(cos g~ sif ¢)" +4 m), (8.11)

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

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

Now that we have simply use a different angletated clockwise by 45° fro in 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 reintrodube withdrawn definition (8.1) slightly
differently, by defining yet a third anglg in the form of m, sin7=m, cos7 = m, with the

consequence thatan=m, /m, andy = 24.381 777 8°compare after (8.3). Thig is a

different angle fromd = 77/ 4+ ¢, and it does specify the empirical, / m, ratio for theQ=0 up

and down current quark masses. Then, if we watttesk how this; definition transforms as
function of 8 =77/ 4+ ¢ both of which run as function @ and indeed arparameterizations of

Q, we would transformm, sin7 = m, cog7 = m to m, sing’ = nj, cosy’ = M and use (8.10) to
substituteny,, andm, . Thus:

nLr:Lmef nr‘];;‘] =sinn coyy (8.13)

now replaces (8.2), and= 24.381 777 8° which is the magnitude previoasgigned t@ from
the initial definition (8.1). To relate back toethredefined angl® we may then also use
p=6-ml4, apply the angle difference identities and comsté. All this teaches that:
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m, sinf = m, cosy = ny sim' = ) cog’
=(m, cosp—m, siny) sim’' =(m cop+ m sim) cop (8.14)
=3 ((my = m,)sing+( m+ m) coB)siny' =%(( g+ 1) sid-( - ) cod) oy

2

Therefore, the mass ratio angléransformsy — ' with changingp andé and so also runs with
Q according to:

n,:ﬂ: mcosp+ m sinp _ (m, —m,)cosd+(m + m)sing (©.15)

-m
tan7 m, fan n, mcosp- msng ( g+ mjcosd+( - Msing

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

m, =y/m?+ m? and the renormalization ener@y as will be discussed further momentarily,
are illustrated in Figure 3 below:

Mev | ¢ =0°
5 . .
4 —+
3 .
#p=0%Q0=0
oy P N A MeV
2 1
1 . .
n =arctan (m, /m,) |
s 24|.382 | ] me o
T T 1 T |I 77 0
1 2 3 4 E MeV

Figure 3: First Generation Quark Mass Mixing

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

energies withQ, EVPeffO(O) - E'\ perto™ E\/PeffO(Q) and E\/NeffO(O) - E'\ nefro™ E\/Neﬁo(Q):
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Ey perro (0) = (md+4 m, m(cos - sirf¢)g+4rn)

1
(2n)

~ E'\ petro™ Evper o Q) =ﬁ( n,+4, M m(00§ Q- shzqo)% +4 m) ,(8.16)

_%{md(cosqﬁ 4sinp) + Q/mjrn,( cosp- sﬁrp)+( n’ - rrf) sip ca&(co§(p—sin2(0)j
(27)° | +m, (4 cosp- sing)

EVNeffO(O) = (23;_)3 m,+ 4y m m (0052 @ sirt ¢)% +4 na)
~ E'Vneto= By nerro ( Q) Zﬁ( m,+4, M, rfa(co§ Y- Shz¢)% +4 r‘rg) .(8.17)

[N

=L{%(COS¢_ o Q/HM&( cosp~ i) +( m*~ f) sip C0£(Cos?¢-sin2¢)gJ
(271) +my (4 cosg+ sing)

Similarly, we may even examine how the electron neassm, = E, in (7.17) a.k.a. (5.3) a.k.a.
the primary relationship (3.1) transformg — ni with ¢. Here, we just use (8.10) in (7.17):

3

me(o):(Zn)%("”"_m”)* = c)):(2”)3( " h), (8.18)
3 - |
() (m; (cosp=sing) - m,( si+ cog))

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, and so (8.16) through (8.18) immediately reduce to

I 1
E V Peff0— EVPeﬁOZW(md+4\/ m, mj+4 nﬂ)’ (8-19)
I 1
EVNeff0: EVNeﬁOZW(nL+4\/nLn’&I+4m)’ (8-20)
, 3
m=m=——(m-m). (8.21)
(27)°
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These are the foundational relationships upon whlicbf the empirical connections in sections
5 and 6 are based. But there is still a rotatiorckvan occur through a non-zero anglevhich

first appeared in (8.3) a8=7m/4+¢@ and in the more general case, 3e=0 quark masses
rotate via (8.10) through a circle with a mass hgpase m,, the proton and neutron and
electron energies transform via (8.16) through88.and the mass ratio angjetransforms via

(8.15). Now let’'s briefly review what we learn o(8.1) through (8.21), and then let's talk
about the broader physics within which all of this.

By noticing that them, m, /( m?> + n;f) term which first emerged in (7.18) is analogous

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

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

specific angle which matches the empirical dataiciwltontradicts the definition (8.1) from
which we deduce# = 24.381 777 8° from all of the empirical eviderregiewed earlier. So
something must give, and in science, empiricaldaion certainly takes precedence over how
we first define an angle.

To reconcile both ends of this seeming contradictive separate the appearance of
sindco¥ in (8.6) and (8.7) from its connection (8.2) tcetlgquark masses because the
empirically-accurate results differ from (8.6) af@&l7) simply by a rotation in the definition of
the mixing angle against the quark masses. Inrotw@ds, we treatsind cog) as being
independent of its original moorings in (8.2), aakbw it to be redefined so long as the

redefinition takes place somewhere on the circladiusm, =,/m?*+ my* which we now know
exists mathematically. So we retain the rotatiith radius m, which we are tipped off about

per above, and use a new angle 8- 77/ 4 to define rotations from the observed current kuar
masses via (8.10) which then enters (8.11) and?)8rla fashion that is more transparent in
relation to the empirical nuclear springboards X&®&d (8.9). The originaim, m, /( m? + ngz)

which tipped us off to all of this now is redefingd(8.13) in terms of a new= 24.381 777 8°
angle. But let us see what we surmise about thagies themselves, because there is some
interesting physics here, and because this brifgaak full 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 current quarks are confanedl so can never be directly observed
without applying aQ>0, and indeed, & > A,,. We established how this could be done with

the Electron, Proton and Neutron (EPN) scheme atisge 4, but have never gotten to the
guestion — even witQ=0 masses properly established — of how these masgght run as we
move up the&) scale.

55



NOVEMBER 1, 2014 DRAFT — SUBJECT TO PROOFREAD ANBEWSION
J. R. Yablon

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

up quark to the down quark masdt0. There was nothing in this definition which imidell

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 (see (6.13)) — these angles are undersboloel running functions d. So we should
suspect that the anglen (8.6) and (8.7) is a function f as well, and need to be alert for ways
that this mixing might enter these equations. Ehapirically-driven need to withdraw the
definition (8.1) and replace it with (8.10) solviego problems at once, because it enables the
angles to be defined in relation to the masses 4o match up with the empirical data and at the

same time it takes advantage of the rotation finticed fromm,m, /( m’+ ny’) to explicitly
start with the EPN-definedm,(0) and m,(0) quark masses and then rotate them to

m,=m(Q and m, =m,(Q and thus gives us a way to understand how thessesaand

indeed all of the empirical data might run with #reergy scal€. This is highlighted especially
by (8.15) in which we have definedto replace what was the original roleébfight after (8.1)
as the arctangent of the up-to-down mass ratio. sééein (8.15) thaj is a running ratio of the

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

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

data also spawned a running ratio anglehich runs withQ but is not the underlying parameter
for running, and and¢ which are in lockstep with one another and areuttgerlying driving
parameters for the running of everything else. denot in this paper seek to ascertain how,
precisely, these anglésandg¢ run withQ. We merely wish make clear that they do.

One other point needs to be noted as well. Thetfat the up and down quark masses
are rotated via (8.10) as a functiong@fQ) suggests thatn, =,/ m’+ m? =5.386 90110 Me)
is an invariant of this rotation, i.e., that. = m (Q = m(0) at allQ. And we have mentioned

on several occasions in this section that is the hypotenuse of this rotation, i.e., the uadf

the circle of rotation. But we need to be veryetal; because out discussion here is limited to
the first quark generation with contains the up dodn quarks. When we expand our view to
the second and third generations and the CKM mixih¢ghese generations, we must keep in

mind that the CKM angled),(Q), 6,(Q), 6,(Q) and phasep(Q) are also expected to run
with Q, and can also shift mass from one generation athan So if we rewritam, by m,; to

denote that this is the mass radius / hypotenuséhfo first generation rotation, one should
consider the prospect that there are two ottmey and m,, radii for the second and third

generation with some presently unknown relatiorshagnong all of them. (See, however,
section 3 of [6] which discusses the Koide relatips which provide the best insights known to
date for how to characterize the inter-generatienapirical fermion masses, and relates these to
matrices displayed here in (5.1) and (5.2) whioh also another way to express (8.19) and
(8.20).) And one should expect that@sncreases, not only does the angle 24.381 777 8°
change, but so too does the, radius. Thus, as among the three generations)igiet envision
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three circles of radim,,, m,, andm,, such that as the angles, /7, and, are rotated, so to

do the radii shift, and as one or two of the rapand, the third one contracts, all in some
presently unknown interrelationship. So thesdesg circles than spirals, which likely converge
in some way at GUT and high€rscales.

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

What we have detailed in sections 8 and 9 is(tha) for F ., which is obtained as a
direct deductive consequence of the thesis thatobarare the chromo-magnetic monopoles of
Yang-Mills gauge theory, is the theoretical expi@ssvhich provides the “interface” to be able
to make empirical predictions. One then uses (ih2E = [[[4TrF, F*d°x to be able to

deduce energies, and after a full test calculatising a Gaussiaansatzexplained after (7.14),
and the discovery and interpretation of inter-gaienal mixing between the up and down
current quark masses reviewed in section 8, oneearat (8.19) through (8.21) which form the
basis for the broad range of empirically-accuraationships developed and enumerated in
sections 5 and 6. This is how the theoreticalltemaptured inF ,, connect to formulations
which can be used for empirical validation via agrtpredicted energies driven by the current
quark masses. So in effect, this paper has nowrstize manner in which (7.2) fd# ,, leads

to multiple empirical concurrences with a rangenatlear energies which have never been
known before. So now, working backwards, we comthe final question as to the theoretical
origins and foundations fdf. ,, in (7.2).

The fundamental starting point is to recognizé tha&lassical Yang-Mills theory, there is
inherently a non-vanishing net fIL# F #0 of a “magnetic field” across closed surfaces,irss f

communicated in [5.6] of [1] and thereafter reitedain [3.3] of [10]. This is in contrast to
electrodynamics for whickj':JSF =0 and so there is no net magnetic flux across clssef@ces,

so that while electric fields terminate at an eleatharge, magnetic fields are aterminal closed
loops. As was initially made clear in [2.4] andgRof [10], when expressed in differential
forms, just asddA = 0 in electrodynamics whewk is the vector potential / photon one-form,
DDG = 0 in Yang-Mills theory wheré& is Yang-Mills vector potential one-form which in
chromodynamics becomes associated with the glebdsfi So formally speaking there are still
no elementarymagnetic monopoles in Yang-Mills theory eitherut Brhen taken in the integral
formulations of Gauss and Stokes, there is a nomskiang “faux” monopole

P'=-id[G,G|=-i[dG d which arises exclusively as a composite object %ia non-

commuting nature of Yang-Mills theory which doeg agist in electrodynamics ([10] states that
P'=-idGG; this is an error which will be corrected beforgist paper goes to formal
publication). So when expressed in integral forimer¢ is also a non-vanishing

c_[:j)F :—ic_[:j)[G,G] :—i_m[dG, G]# 0, and so these magnetic field analaigsnet flow across
closed surfaces In electrodynamics everything commutes, so thelagous expression
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(ﬁ)F :—icﬂ>[A, Al :—im.[dA,A] =0, and that is why classical Yang-Mills theory givas
4:_[) 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 thgicéb combination inexorably leads to a faux

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

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

manifestation in the physical universeThe only question is how these are manifest.e Th
author's fundamental thesis is tham'[dG, G]#0 manifests as a baryons, and

<ﬂ> F = —i<ﬂ>[G,G] manifest as the meson and energy fluxes in andfdudryons, 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 and neutron. And it is framese
energies that the empirical connections elabordwexighout this paper ultimately then emerge.

So now the question becomes how to “populate”eth@sn-vanishing faux monopole
entities c_[:j)F :—ic_[:_“)[G,G]:—i_[_U[dG, G]#0 with quarks and show that they manifest as
baryons. Referring back to section 7 here, whike @) Maxwell and b) Yang-Mills get us to
these net-flowing magnetic fieIdgﬁﬁF #0, it is ¢) Dirac theory and d) Dirac-Fermi-Pauli
Exclusion which when deductively combined with agda) demonstrates that these entities
have the correct color attributes of baryons andamg. This was originally communicated in
section 5 of [1] and was later elaborated in secflcof [10] so as to establish all of the non-

linear features of these monopoles, and at the semgeshow the monopole behaviors in the
abelian limit as discussed following (7.1) here.

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

namely J(G), it is desirable to invert this field equationitstead expresS as a function o8,
i.e., as a functiorG(J). In this way, by what is effectively a merginfylmth of Maxwell’s
classical field equations into a single equatimerged Maxwell”), one can then advance the

monopole entities te{fﬁF :—i(ﬁS[G(J),G(J)] :—ijﬂ[dG( J, q J)] # 0. But by Dirac, we

know that current densities may in turn be expressderms of fermion wavefunctiond(¢),

via J7=yy’y. So now Sf:ﬁF = —i<ﬁ>[G ((/l),G(l//)] = —im.[dG((//) , G(l//)] #0, and the
monopole entities contain fermions. How many fems? In the abelian linear approximation,
each faux monopole entity contains precigbhgefermion eigenstates. At bottom, this emerges
from the fact that the faux magnetic charge denBityis a differentialthree-form So if this
monopole “system” contains precisely three fermeaenstates, then by the Exclusion Principal,
we must place these fermions into three distirggrstates. So we use the gauge group SU(3) to
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enforce exclusion, and now the only question istwbaname these distinct eigenstates. So we
choose R, G and B, call this color, and now the334Jolor group of chromodynamics naturally
emergesas a corollary to merely combing Maxwell, Yang-MilDirac and the Exclusion
Principle together all at once.The rank-3 of the monopole three form converteramto the
dimension-3 of the gauge group, and SY(B) seen not as a fundamental theory but as a
corollary theory rooted in Merged-Maxwell-Yang-M#HDirac-Exclusion.

Once color is assigned, as first communicated éticge 5 of [1] and thereafter in section
10 of [10], the faux monopole three forRi has theR[J G B color symmetry of a baryon and

the Tr2iF,, ((0)), = Tr2[G,.G, ]((0)), entity has the color wavefunctioRR +GG + BB of

a meson. And in equation [10.4] of [10] &, ((0))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 energies = _[_U%TrFW F“d®*x. The very same equation which reveals to us

the mesons which flow in and out of baryons andl hogjether the nuclei, also gives us the basis
for quantitatively studying the energies which fasel bind the nucleons into nuclei.

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

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

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

times as we wish — anywhere from zero times tonéiniie number of times — and then cut off
any further feeds by setting a perturbatrio zero. Doing this “zero times” expresses the
abelian limit. In the other hand, self-feedingimainite number of times is the behavior ascribed
to nature. For human beings and their computeiagdoon-linear calculations to some
acceptable level of precision, one would recurfiaite number of times, whether 1 or 2 or 5 or
10, etc. and then study those results. So thigrsee approach enables us to as detailed in
section 9 of [10] to describe these baryon monapaleterms of their natural condition with
infinite recursion, and to also take the abeliamtliof zero recursion, as well as to do in-between
calculation and analysis. The empirical connectizme have developed here to nuclear binding
energies are all developed from the zero-recurBmait, which informs us that the observed
nuclear binding and fusion energies are expresabaiian “signals” from the nucleons which
need to be “decoded” as in sections 5 and 6 tdhteacabout the “nuclear genome.” On the
other hand, the complete proton and neutron mamseshe constituent / contributive quark
masses discussed in see point 11 in section @deadbout all of the non-abelian “noise” which
then overlays upon these signals in the infinitarsion limit to exhibit the observed properties
of nucleons as complete nucleons.

It will be appreciated that all of the foregoin@kes use only of the classical Yang-Mills
theory. We have not yet discussed or resorteguamtumYang-Mills theory, which because
Merged-Maxwell-Yang-Mills-Dirac-Exclusion implies.%3)c, means we have no yet resorted to
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QCD, but only to classical chromodynamics. So &lohe might approach the empirical
guestions we have laid out in sections 5 and 6 beder the assumption that they cannot be
explained except by a quantum field theory, thelltdsere reveal this to be a false assumption.
All of the empirical results enumerated in sectidnand 6 are based @tassical notquantum
Yang-Mills theory! Classical field theory has mdpeice” than it is given credit for in this day
and age. But when we finally do wish to stughantumYang-Mills theory which via Merged-
Maxwell-Yang-Mills-Dirac-Exclusion means quantum r@modynamics, the recursion just
discussed is amdispensablelement. For, when we finally bring Feynman-gatkgration into
the mix as laid out in point €) near the start ett®n 7, we run into the long-standing
mathematical problenof how to analytically and exactly calculate ahpaitegral for a non-

linear classical field theory, which in the contektscalar fields is the so-callgtf problem. As

demonstrated in section 11 of [10], this recurs®rnhe precise aspect of Yang-Mills theory
which enables us to finally overcome this importardblem and perform an analytically exact
path integration to prove the existence of a nawialrquantum Yang—Mills theory on“Ror any
simple gauge group G, see [24] page 6.

Once this is achieved, it is possible to obtaingbantum field equations of Yang-Mills
QCD which are [13.21] of [10], and thereafter, &ride the running QCD curve of Figure 1
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 nucleargggsms in point 1 of section 5, over to a
guantum QCD theory which explains the running Q@bBve which is the fundamental quantum
evidence of confinement. All of this, combinegtovide overwhelming evidence that the non-

vanishing flows<ﬁ>F #0 of chromo-magnetic fields across closed spatialasas in Yang-

Mills gauge theory, are in fact synonymous with #xéstence of baryons, including the protons
and neutrons from which all of the atomic nucl& eonstructed.

During the century and a half since Maxwell ancg¥iside first taught that there are no
magnetic monopoles in electrodynamics, these mdaespbave been an endless source of
fascination for physicists wondering whether theura world contains some form of magnetic
monopoles, and if so, what form those monopoleshimigke. 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 ofvhat a baryon actually is
beyond it being some confining bound state of tlopegrks teeming with gluons and highly-non-
linear quantum interactions. Rabi’'s immortal quigho ordered that?” remains an unanswered
guestion for protons and neutrons, to this verg dat

The answer to Rabi’s question is that the protams meutron and other baryons were
ordered by a deductive combination of Merged-Makweaing-Mills-Dirac-Exclusion-Feynman,
with the exclusion principle being the combinedodffof Fermi-Dirac-Pauli. The cast of
characters who placed this order, and the hightyeseand thoroughly-validated nature of the
theories which they used to do so, make clearttigahuthor’s thesis that baryons are Yang-Mills
chromo-magnetic monopoles is a highly conservétiesis, grounded in a combination of some
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of the most fundamental, widely-accepted and extehstested scientific theories. To believe

and accept this thesis requires nothing more thaglief that all of these theories are correct, and
a belief that when mathematics is correctly apptedombine input component theories which
themselves are also correct, the result of thahemaatical combination will be equally correct.

So it is with great irony that when future generasi look back on the century and a half
from Maxwell’s time to the present time during wiiscientists passionately pursued magnetic
monopoles, they may chuckle in irony over the thelse monopoles were mocking our efforts
and hiding in plain sight all along, as the prot@rs neutrons at the heart of the material
universe.
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