10

15

20

25

30

35

JRYFUSION

System, Apparatus, Method and Energy Product-by-PréoeBesonantly-Catalyzing Nuclear Fusion Energy Release,

and the Underlying Scientific Foundation

Background of the Invention

Cross reference to related applications and informatiamodisre of related publications

This application claims benefit of pending US provisional apfin 61/747,488 filed December 31, 2012. This
provisional application 61/747,488 was later published in prefoim through several revisions at [15], and then by a
peer-reviewed journal at [16]. US 61/747,488 as wellhase documents [15] and [16] included scientific findings
regarding the binding and fusion energies of #e>H, *He and*He nuclides, and technological disclosures of how
so-called “resonant fusion” discovered and disclosed by amplim US 61/747,488 can be used to catalyze the
tH+iH - SH+e +v+Energy , 2H+iH - jHe+Energy and jHe+ jHe- ;He+:H+ | H+ Energ: nuclear
fusion reactions which are the component reactionghef solar fusion cycle. These same findings weter |
summarized in consolidated form in [17].

In two subsequent preprints applicant also developeientific findings regarding binding energies angidn
reactions for a number of heavier nuclides. In [18% S#tientific findings of US 61/747,488 were expanded
encompasili, ‘Li, ‘Be and®Be, and in [19] these scientific findings were fertlexpanded to encompd$B, °Be, °Be,

Hg, Mc 2c and™N. This application incorporates the scientific fings of [18] and [19], and then for the first time,
applies the technological disclosures of applicafiésonant fusion” technology to specific fusion reamsi involving all
of these heavier nuclidéki, 'Li, ‘Be, ®Be, '°B, °Be, '°Be, 'B, *'C, **C and"N.

All papers referenced in the reference list followingtise 14, are hereby incorporated by reference.

1. Introduction: Summary Review of the Thesis thairy®ns Are Yang-Mills Magnetic Monopoles with Bindin

Energies Based on Their Current Quark Masses

In an earlier paper [1], and in a more recent prep2@j fefining and expanding [1], the author develoffedthesis that

magnetic monopole densities which come into exggdn a non-Abelian Yang-Mills gauge theory of namrenuting

vector gauge boson field&” are synonymous with baryon densities. That isydms, including the protons and
neutrons which form the vast preponderance of mattdre universe, are Yang-Mills magnetic monopofésnversely,
magnetic monopoles, long pursued since the time ofwdl, have always been hiding in plain sight, iang-Mills
incarnation, as baryons, and especially, as prandsieutrons.

Maxwell's equations themselves provide the theorkficandation for this thesis, because if one starith the

classical electric charge and magnetic monopold &guations (respectively, (2.1) and (2.2) of [1]):

3 =9,F" =9,D"G" =(g"a,D" -0"D" )G, (1.1)

P = 97F " +9*F" +0"F* 1.2)

(D" =9# —iG") and combines the magnetic charge Equation (1.2) witvang-Mills (non-Abelian) field strength

tensor F* which, like G* is an NxN matrix for a simple gauge gra8(N) ((2.3) of [1]):

F* =90G" -9"G¥ ~i[ G*,G" | = D*G" - D"G* = DG"] (1.3)

one immediately comes upon the non-vanishing magmeinopole ((2.4) of [1]):

P =-i(07[G*,G" |+0* [’ ,G7 |+a*[G7 .G ). (1.4)
The guestion then becomes whether such magnetiopotes (1.4) actually do exist in the material ense, and if

so, in what form. The thesis developed in [1] i$ oy that these magnetic monopoles do existhmait they permeate

the material universe in the form of baryons, emlgcas the protons and neutrons observed evemavaed anywhere
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that matter exists.

Of course, t'Hooft [2] and Polyakov [3] realized seved®cades ago that non-Abelian gauge theories lead to
non-vanishing magnetic monopoles. But their monopoleg havy high energies which make them not suitable for
being baryons such as protons and neutrons. Following t'Hoofauter in [1] does make use of the t'Hooft monopole
Lagrangian from (2.1) of [2] to calculate the energieheté magnetic monopoles (1.4). But whereas t'Hooft introduces
an ansatz about the radial behavior of thgauge bosons G*, the author instead makes use of a Gausaisatz

borrowed from Equation (14) of Ohanian’s [4] for the ahdiehavior ofermions. Moreover, the fermions for which this

ansatz is employed enter on the very solid foundation of takirgitiverse G, =1,,J° of Maxell's charge Equation
(1.1) (essentially calculating the configuration space 'Em/e(lg””aaD” —O”DV)_l), and then combining this with the

relationship J¥ =@y“y that emerges from satisfying the charge conservationtifwity) equation O#J“ =0 in

Dirac theory. Specifically, it was found that in the lowtpebation limit, magnetic monopoles (1.4) can be re-express

as a three-fermion system ((3.12) of [1]):

1oiad Vot gt
pow = | 9o Y07 Y 5,907 a5 P97 Vs | (15)
Py ~My P =My Py~My
Above, .I//(i);i:1,2,3 are three distinct Dirac spinor wavefunctions which @mefollowing three distinct

substitutions of G, =1,,3° =1,y ¢ —which captures the inverse of Maxwell's charge Equatiol) combined with

Dirac theory—into the (1.4) magnetic monopole whichize¢s the Yang-Mills field strength (1.3) in combinatiorthwi
Maxwell’s magnetic monopole Equation (1.2). The detailervetion of (1.5) from (1.4) also makes use of Sectt@s
6.14 and 5.5 of [5] pertaining to Compton scattering anddhmion completeness relation, and carefully accounts for

mass degrees of freedom as between fermions and bosonsquoled denominatorS'p(i)—n}i) and “quasi

commutators” g EI—Z[V” o/ J in the above make use of a compact notation dpedland explained in Section 3 of

[1], see specifically (3.9) and (3.10) therein.
Then, via Fermi-Dirac Exclusion, the author emptbylee QCD color grouU(3)c to require that each of the three

[/j(i) be SU(3)c vectors in distinct quantum color eigenstates RBGwhich then leads in (5.5) of [1] to a magnetic

monopole:

UV Voo IoH
Trp™ = —2[6” V0" Ve ,5uPsT Vs | o Va7 ‘/’BJ. (1.6)

Pr— My Ps— My Pe — My

This is similar to (1.5) but for the emergence lué trace. Associating each color with the spacetimdex in the

related 0° operator,i.e, o OR,x0OG and v OB, and keeping in mind thafr P is antisymmetric in all

spacetime indexes, we express this antisymmetrii witdge products agr OuOv OROGOB. So the natural

antisymmetry of a magnetic monopole™ leads straight to the required antisymmetric caloiglet wavefunction

R[G, B] +G[B, R] + B[R,G] for a baryon. Indeed, in hindsight, this antisymmebgether with three vector indexes to

accommodate three vector current densities and the #uditive terms in theP”™ of (1.2) should have been a tip-off
that magnetic monopoles would naturally make good/dwes. Further, upon integration over a closed surfdae

Gauss'/Stokes’ theorem, magnetic monopole (1.6) @svehto emit and absorb color singlets with the symimeolor

wavefunction RR+ GG+ BB expected of a meson. And, in Section 1 of [1}yés shown how magnetic monopoles
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naturally contain their gauge fields in non-Abelian gathg®ry via the differential forms relationstdg=0 for precisely
the same reasons rooted in spacetime geometry that ticagramopoles do not exist all in Abelian gauge theory.
Thus,QCD itself deductively emerges from the thesis that baryons are Yang-Mills magnetic monopoles, and we began to
associate monopole (1.6) with a baryon.

It was then shown in Sections 6 through 8 of [1] that tt®#8) monopoles may be made topologically stable by
symmetry breaking from large&8U(4) gauge groups which yield the baryon and electricgghguantum numbers of a
proton and neutron. Specifically, the topological stabdityhese magnetic monopoles was established in Sectiand 6
8 of [1] based on Cheng and Li [6] at 472-473 and Weinberg [44at The proton and neutron are developed as
particular types of magnetic monopole in Section 7 of [1kintause ofSU(4) gauge groups for baryon minus lepton
number B—L based on Volovok's [8], Section 12.2.2. The spontaneous symraetaking of thes&U(4) gauge
groups is then fashioned on Georgi-Glasha8J¢5) GUT model [9] reviewed in detail in Section 8 of [1].

By then employing the earlier-referenced “Gaussiasatz’ from Ohanian’s [4], namely ((9.9) of [1]):

2 A2

z/l(r):u(p)(n/lz)_731 exp[—l(r_ro)zj .7

for the radial behavior of the fermion wavefunctions, togethieh the t'Hooft monopole Lagrangian from (2.1) of [2]
(see (9.2) of [1]) it became possible to analyticalicalate the energies of these Yang-Mills magnetic mdespd.6)
following their development into topologically stable protond aautrons.

Specifically, in Sections 11 and 12 of [1], the autheedithe pure gauge field terms, . of the tHooft monopole

Lagrangian to specify the energy of the Yang-Mills magnetaapoles, exclusive of the vacuu, via (11.7) of [1]:

E:—msgauge&x:%ﬂjﬂ F,F*dx. (1.8)

We then made use in (1.8) of field strength ten$orgrotons and neutrons developed via Gauss'&Xotheorem
from (1.6) in (11.3) and (11.4) of [1], respectivel

——— {wd"[yf‘my”]lgfd . Zwu"[y“ayﬂ"wu} L9)
Py —My p,—m,

Tr F’\f"’ — —i [[pu"[yllmyl/ :|"l//u + leic'i'[yut]}/ :!Il//d J (110)
p—m, Py —My

where ¢, and ¢, are Dirac wavefunctions for up and down quarksdéduce three relationships which yielded

remarkable concurrence with empirical data.

First, we found in (11.22) of [1] that the electnmiass is related to up and down quark masses acgdod

m, =0.510998928 Me\= (m, - n]J)/( 12)3 : (1.11)

3
where the divisor(Zn)E results as a natural consequence of the threendiorl integration (1.8) when the Gaussian

ansatz for fermions is specified as in (1.7), and whére wavelengths in (1.7) are taken to be relatedeauark masses
via the de Broglie relationk =#/mc.

Second and third, we found in (12.12) and (12.X3)Lpthat if onepostulates the current mass of the up quark to be
equal to the deuteroAH nucleus) binding energy based on 1) empiricatuoence within experimental errors and 2)
regarding nucleons to hmsonant cavities with binding energies determined in relation teithup and down current

guark masses, then the proton and neutron eaclegsossspective intrinsic, latent binding energie§.8, energies
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intrinsically available for nuclear binding):

B, = 2m, +m, —(m, + 4/mm, +4mh)/(2n)§ =7.640679 Me\ (1.12)
By, =2m, +m, -(m, + 4/mm, + 4md)/( 21')% =9.812358 Me\. (1.13)

So for a nucleus with an equal number of protons and neuth@nayerage binding energy per nucleon is predicted to
be 8.726519 MeV. Not only does this explain why a typical nudbeysnd the very lightest (which we shall be studying
in detail here) has a binding energy in exactly thisnitigi(seeFigure 1), but when this is applied tSFe with 26
protons and 30 neutrons— which has the distinction of usingtehpercentage of this available binding energy than

any other nuclide—we see that tlagent available binding energy is predicted to be ((12.14) of [1]):
B(Fe56) = 26x 7.640679 MeV 30 9.812358 MeV 493.02838eV (1.14)

This contrasts remarkably with tioeserved *°Fe binding energy o492.253892 MeVThat is, precisely 99.8429093%
of the available binding energypredicted by this model of nucleons as Yang-Mills magnetionmpoles goes into
binding together th&*Fe nucleus, with a small 0.1570907% balance redeioreconfining quarks within each nucleon.
This means while quarks are very much freer imilneleons of°Fe than in free nucleons (which also appears ttagxp
the “first EMC effect” [10]), their confinement isever fully overcome. Confinement bends but neveaks. Quarks
step back from the brink of becoming de-confinetfife as one moves to even heavier nuclides, and meznafined no
matter what the nuclide. Iron-56 thus sits at tiemtetical crossroads of fission, fusion and canrfiant.

This thesis that protons and neutrons are resonant cavities which emit and absorb energies that directly manifest their
current quark masses will be central to the development of this paper. The foregoing (1.12) through (1.14) provide strong
preliminary confirmation of this thesis, as well af the underlying thesis that baryons are YandsMihagnetic
monopoles. In this paper, we shall show how thentesi binding energies of the 1s nuclides, namefiHp®H, *He and
“He, as well as the observed neutron minus protssmidference, provide further compelling confirioatof the thesis
that baryons are Yang-Mills magnetic monopoles Whimd at energies which directly reflect the cotrguark masses
they contain.

In simple summation: with a non-Abelian Yang-Mifield strength (1.3)\Yang Mills magnetic monopole baryons

result from simply combining Maxwell’s classical electric (1.1) and magnetic (1.2) charge equations together into a
single equation, making use of Dirac'sJ* =@y*iy based on charge continuity, and imposing Ferma®BU(3)c

Exclusion on the fermions of the resulting three¥i®@n monopole systenNo further ingredients or assumptions are
required, and all of these ingredients being so-combined in novel fashion are among the undisputed, uncontroversial
bedrock foundations of modern physics. The Gaussiaansatz (1.7) enables the energy (1.8) to be analyticzdigulated,
the mass relation (1.11) naturally emerges, an@ ovee further apply the resonant cavity thesis,réseilting energies
turn out to match up remarkably well with nuclearding energies.

In even simpler summatioMaxwell’s Equations (1.1), (1.2)themselves, combined together into one equation using
non-Abelian gauge fields (1.3), taken together with Dirac theory and Fermi-Dirac Exclusion, are the governing
equations of nuclear physics, insofar as nuclear physics centers around thdy sifi protons and neutrons and how they
bind and interact, and given that we were ablétwsin [1] that protons and neutrons are partictitpes of Yang-Mills
magnetic monopoles. This theory is thus extremebdyservative, based on combining together unquestien
foundational physics principles.

In essence, the purpose of this paper is to fudkegelop the results from [1] into a theory of mzsl binding which

we confirm by predicting the binding energies o ths nuclides as well as the neutron minus protassndifference
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with very high precision, each on the order of parts p#iomi This in turn leads to resonant fusion technology.

Summary of the Invention

In an earlier paper, the author employed the thesis thgoim are Yang-Mills magnetic monopoles and that proton
and neutron binding energies are determined based on thendugoen current quark masses to predict a relationship
among the electron and up and down quark masses within expetiereota and to obtain a very accurate relationship
for nuclear binding energies generally and for the binding®eé in particular. The free proton and neutron were
understood to each contain intrinsic binding energies whichreottieir quarks, wherein some or most (never all) of this
energy is released for binding when they are fused into asitepnuclides. The purpose of this paper is to further
advance this thesis by seeing whether it can explain thefispempirical binding energies of the light 1s nuclides,
namely,?H, °H, *He and*He, with high precision. As the method to achieve this, we stmwthese 1s binding energies
are in fact the components of inner and outer tensor pdfctyang-Mills matrices which are implicit in the
expressions for these intrinsic binding energies. The risstiiat the binding energies for tfide, *He and®H nucleons
are respectively, independently, explained to less thanpfas in one million, four parts in 100,000, and seven parts
one million, all in AMU. Further, we are able to exaayate the neutron minus proton mass difference to a funation
the up and down current quark masses, which in turn enablegxgslain the’H binding energy most precisely of all, to
just over 8 parts in ten million. These energies havemieefore been theoretically explained with such acgusakich
leads to the conclusion that the underlying thesis providestitbegest theoretical explanation to date of what baryons
are, and of how protons and neutrons confine their quarks adddgether into composite nuclides. As is also reviewed
in Section 9, these results may lay the foundation faereasily catalyzing nuclear fusion energy releagections 13
and 14 expand this to the catalyzing of fusion energy releasedctions involvindLi, 'Li, ‘Be,®Be, '°B, °Be, %Be, 'B,

e, 2c and™N.

Brief Description of the Drawings

Figure 1is a well-known graph which shows the empirical bindinggyneer nucleon of various nuclides.

Figure 2is a table showing the empirical nuclear weigl(n;SM) of the 1s nuclides, in AMU.
Figure 3is a table showing the empirical binding energ(égﬁo) of the 1s nuclides, in AMU.
Figure 4is a table showing the theoretically available binding deerQQB) of the 1s nuclides, in AMU.

Figure 5 is a table showing the used-to-available binding ener@ﬁeﬁg/QB(%)) of the 1s nuclides as a percentage
(%).

Figure 6 is a table showing the unused latent binding energfes) of the 1s nuclides, in AMU.

Figure 7 is a table showing the empirical binding energ(@sBo) of selected 1s and 2s nuclides, in AMU.

Figure 8 is a table showing a comparison of the alpha-subtr@&sdsinding energies, with the 1s binding energies, in
AMU.

Figure 9is a table showing the theoretical binding energﬁgso) of the 1s nuclides.
Figure 10is a table showing the predicted binding ener@eg) of the 1s nuclides, in AMU

Figure 11is a table showing the predicted minus observed bindiagges (QBO) of the 1s nuclides, in AMU.

Figure 12is a graph showing retrodicted per-nucleon binding energieggi®)ucleon (A=Z+N) for 1s and 2s shells.
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Detailed Description
2. Structured Outline of the Contents of This Patent Apfibn
In deriving the empirically-accurate binding energy refethips (1.12) through (1.14) there is an aspect of (1.8)

which, when carefully considered, requires us to amend_élggangian in (1.8) in a slight but important way. This
amendment, developed in Section 3, will reveal that trentidiinding energies (1.12) and (1.13) actually employ the
inner and outer tensor products of two 3 8L§3) matrices, one for protons, and one for neutrons. Theseesatand
their inner and outer products, will be critical to the methogichl development thereafter.

In section 4 we lay the foundation for being able to dethe binding energies of the 1s nuclides using the
earlier-discussed postulate that the mass of the up quagkid ® the deuterorfif nucleus) binding energy, and the
thesis extrapolated from this that the binding energiesuofides generally are direct functions of the currerrku
masses which their nucleons contain. Specifically, in @#@ugh (4.11) infra, we develop two tensor outer products and
their components which will be critical ingredients for egaing 1s binding energies as functions of up and down
current quark masses.

Section 5 shows how this binding energy thesis leads directytheoretical expression for tAele alpha binding
energy which matches empirical data to less than 3 jpattsnillion AMU. Exploring the meaning of this result, wees
that this binding energy together with that of thedeuteron are actually components of a (3 x 3) x (3 fo@th rank
Yang Mills tensor of which th&H and*He binding energies merely two samplEkus, we are motivated to think about
binding energies generally as components of Yang-Mills tensors. So the method for characterizing binding energies is
one of trying to match up empirical binding energies wihous expressions which emerge from, or are components of,
these Yang- Mills tensors. In Section 6, we similatbyain a theoretical expression fete helion binding to just under 4
parts in 100,000 AMU as well as its characterization imseof these Yang-Mills tensors.

Developing a similar expression for tfié triton to what ends up being just over three parts in oH®mAMU turns
out to be less straightforward than for any’df *He and*He, and requires us to work with mass excess rather than
binding energy. However, a bonus is that in the processare also motivated to derive an expression for the areutr
minus proton mass difference accurate to just over 7 pates imillion AMU. To maintain clarity and focus on the
underlying research ideas, these results are summarizeztiiors7, while their detailed derivation is presented in the
Appendix.

Section 8 aggregates the results of Sections 5 through Goactes them all in terms of mass excess rather than
binding energy. In this form, it becomes more straightéwdivto study nuclear fusion processes involving these 1s
nuclides.

Section 9 makes use of the mass excess results fronors88¢ctind shows how these can be combined to express the

approximately 26.73 MeV of energy known to be released nguihe solar fusion cycle4GH+2e -

3He+ 2 + Energy entirely in terms of the up, down and electron feminasses. This highlights not only the accuracy

of the results fofH, °H, *He and*He binding energies and the neutron minus protossndifference, but it establishes
the approach one would use to do the same for t¢¢pes of nuclear fusion, and for fission reactions. Andjvidly
confirms the thesis that fusion and fission and bigdinergies are directly based on the masses of gr&sywhich are
contained in protons and neutrons, regarded asaasoavities.

But perhaps the most important consequence of thelafgwent in Section 9 is technological, becauseptesibility
is developed via this “resonant cavity” analysiatthy bathing a fuel store of hydrogen (or anothéable nuclear fuel)

in gamma radiation at certain specified, discrete freges which are also defined functions of the up éoain quark
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masses, one can catalyze nuclear fusion and perhaps devekgffective ways to practically exploit the promise of
nuclear fusion energy release.

In Section 10, we take a closer look at experimentat®that still do reside in the results fbt, *He and*He binding
and the neutron minus proton mass difference, generallyrist per 18 1¢f or 10 AMU. We explain why theriginal
postulate identifying the up quark massxactly with the ?’H deuteron binding energy should be modified into the
substitute postulate that the theoretical neutron minus proton mass differéh@n exact relationship, and why the
equality of the up quark mass and the deuteron binding enesgnpgy a very close approximation (to just over 8 parts
in ten million) rather than an exact relationship. We then are requiradjtst (recalibrate) all of the prior numeric mass
and energy calculations accordingly, by about parts jéom As a by-product, the up and down quark masses become
known with the same degree of experimental precisiorh@slectron rest mass and the neutron minus proton mass
differenceto ten decimal placesin AMU.

Section 11 concludes by summarizing and consolidating tiesséts for’H, *H, *He and*He and the neutron minus
proton mass difference, laying out most compactl¥igure 11, how the thesis that baryons are Yang-Mills magnetic
monopoles which fuse at binding energies reflective of theirent quark masses can be used to predict the binding
energies of théHe alpha to less than four parts in one million, of*ttte helion to less than four parts in 100,000, and of
the °H triton to less than seven parts in one million, all MW And of special import, by exactly relating the neutron
minus proton mass difference to a function of the up and dpvank masses, we are enabled to predict the binding
energy for théH deuteron most precisely of all, to just over 8 partsrirmillion.

Section 12 shows how all of the foregoing results cangoévalently and independently derived using mass matrices
based on the Koide mass formula [20], [21]. Section 13 bgemsight to extend the development of resonant nuclear
fusion to reactions involvindLi, ‘Li, ‘Be and®Be. Section 13 proceeds apace to further extend thghtr® fusion
reactions involving®B, °Be, *%Be, *'B, *'C, **C and™N.

What renders this work novel is 1) that the 1s light nucbdwling energies and the neutron minus proton mass
difference do not appear to have ever before been theoretsalgined with such accuracy; 2) the degree to which this
accuracy confirms that baryons are Yang- Mills magnatmopoles with binding energies which are components of a
Yang-Mills tensor and which are directly related to cotrrguark masses contained in these baryons; 3) the finding that
nuclear physics appears to be grounded in unquestionable congeplatsics principles, governed by simply combining
Maxwell’s two classical equations into one equation using Ydillg- gauge fields in view of Dirac theory and
Fermi-Dirac Exclusion for fermions; and 4) the prospecterhaps improving nuclear fusion technology by applying
suitably-chosen resonances of gamma radiation for catalysis

3. The Lagrangian of Nuclear Binding Energies

The t'Hooft magnetic monopole Lagrangian used in (1.8), becduseppression of the Yang-Mills matrix indexes,
actually has an ambiguous mathematical meaning, and cathbea ordinary (inner product) matrix multiplicatiom, o

a tensor (outer) product. The outer product is the most gelpiéredar operation that can be performed EQVF‘”’,

while the inner product represents a contraction of ther quitgluct which reduces the Yang-Mills rank by 2. When
carefully considered, this provides an opportunity for depiatpa nuclear Lagrangian based on the t'Hooft's original
development [2] of Yang-Mills magnetic monopoles.

If we know that %F FA :—;FWF‘“’ as we do from the terms in (11.7) of [1] omitted frdn8] above,

auv' a

and given thatTrT'T! :%5"" , then with explicit indexesA, B,C,D =1,2,3 for the 3 x 3 Yang-Mills matrices of the
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VU (3)C, isospin-modified color group developed in Sect®mf [1], an explicit appearance of Yang-Mills ixes

would cause (1.8) to be written as:
= ~[[] SpuosX =S TH [ PP =S T[] ool cix =5 Tr[[] Fap (i X =[] o (P 3.1

where F[F = FWF‘"’ suppresses spacetime indexes to focus attentiamommactions of Yang-Mills indexes. In the

fourth and fifth terms above, there is a contractiwer the inner B” index, which means thaf,; (F,, is aninner
product formed with ordinary matrix multiplicatioand is a contraction over inner indexes of thetfotank (3 x 3 x 3
x 3)outer product F, OF* = F. [, down to rank two. In the sixth, final term, we @riTr Fyy (Fy, = Fug [Fgy
via a secondA” index contraction.

We point this out because (1.12) through (1.14)cWisuccessfully match empirical nuclear bindingadatmbody not
only (3.1), but also anuter product F,; [F.,, that is, (carefully contrast Yang-Mills indexestiveen the final terms in

(3.1), (3.2)):

1 v v 1
E:—jjjsgauge&x:ETrﬁjFW OF“dx == Trm FneFly o ——TrmFAB F., d3x:—2” F o [Fgg d (3.2)
here, in the final terms, we useérF,; (F, =F,, [Fy;, as opposed rF,, [F,, = F,; OFg, . This highlights the

notational ambiguity in (1.8) as well as the difiece between the outdrl and inner matrix products.
Now, in general, the trace of a product of two squaatrices iswot the product of traces. The only circumstance in

which “trace of a product” equals “product of trates when one forms a tensor outer product using:

Tr(AOB)=Tr(A)Tr(B). (3.3)

Specifically, to obtain the termay, +4,/m,m, +4m, and m, +4,/mm, +4m, in (1.12) and (1.13) (and also (12.4)

and (12.5) of [1] which erroneously applied (3.2), (3.3heathan (3.1) because of this ambiguity), we must(B<2),
while to obtain2m, +m, and 2m, +m, in (1.12) and (1.13), we instead must use (&d)1.12)and (1.13)are formed

by a linear combination of both inner and outer products. And because (1.12) and (1.13) predict binding easrger
nucleon in the range of 8.7 MeV and vield an extrgroldse match t8°Fe binding energies, nature herself appears to be
telling us that we need to combine inner and outedyrcts in this way in order to match up with empgiridata. This, in
turn, gives us important feedback for how to constouctLagrangian to match the empirical data.

To see this most vividly, we start with (11.8) and.@) from [1]:

m[zﬁd[ Dy"]wd ' u"[y"uy"]"% Jx[‘ﬁi[yﬂm% J"% . 2477?‘ [Vumyvl‘r”u J Fx (3.4)
Py -y po—m, Py My P M,

Jﬂ[ W[y DyV]wu dﬂ[y"ay”]"wd ]X[wi[y,,myu ]w . wa [y,mn]lwd J . (35)
Py —My p—m, Ps ~My

Using these in (3.1) and (3.2) following the develepmin Section 11 and (12.12) and (12.13) of [1], we ca
reproduce Equations (1.12) and (1.13) for the empiyieadcurate latent binding energies of a proton aeatron using

linear combinations of inner and outer Yang-Mills matrix products, respectively, as follows:



JRYFUSION

3
B, =2E,-E,= Tr.m.( 27t 2 FawF w_E - O Fﬂ;jd?’X:%TrJ‘J‘J‘((zn)z Foae Feep — Feas EFIEDdeX

[ PAB FPAAEFFBBdeX:Zn’L-Fn’h_( )3(rnd+ “nLrnd-FmL)
2m)2
3.6
Jmn o o})ymy o0 o0 Jo o o) (Jymy 0 0 40
=Tr[| 0 Jm O o\/ﬁo—1§omouomo
o o ym)lo o Jym] @l o o ym]|l o o ym
=9.356376 Me\- 1.715697 Me¥  7.640679 MeV
BN:ZEN—EN:ETr.[” (271: Fun P = FNMDF‘”Jd“?’X——TrLU( (21)2 Fy g NBD—FNABEFNCDJ&X
:_J.,”( 2“ Fune NBA_FNAAEFNBBjdaxz 2m, +m, _( )§ (”L +4/mm, + ‘md)
2m)2
3.7)
m o o)ym o o oo o) (Jm o
=Trl| 0 Jmy © oﬂo—léo\/ﬁomoﬁo
o o ym)lo o ym] @l o o gm0 o Jm

=12.039054 Me\- 2.226696 Me¥ 9.812358 MeV

These now provide matrix expressions for intrinigent binding energies of the proton and neutconfracted down
to scalar energy numbers which specify these bgneimergies and match the empirical data very vielt it is from
5 these, that we learn how to amend the Lagrangidh.8) to lay a foundation for considering nuclbarding energies in
general.
Contrasting (3.6) and (3.7) with (3.1) and (3.2§ see that in order to match up with the empiritzei, the general
form of a Lagrangian for thiatent binding energy of a nucleon, rather than (1.8gdseto be:

3 3
£binding :%Tr((Zn)Z Fm F = F O ij = —;Tr((Zn)z Fas Fep ~Fag H:CDJ :%((211)2 Fas Fea = Faa D:BBJ : (3.8)
10 Using this, we now start to amend the t'Hooft Lagian (9.2) of [1], reproduced below:
1 " l 1 2
- Z Fﬂl/ Faﬂ D#Cf /’lz%qf —_8A (%(ﬁa) - (39)

First, we apply TrT'T! :%5” JF# =T'F* and ® =T?g to rewrite (3.9) in the Yang-Mills matrix form:

©=-=Tr(F,F*")-Tr(D,®D"®) - 1/* Tr (D) —%/1 (Tr(o®))’

1
2
= —%Tr(F,mABFé’;)—Tr((D,@)AB (D”qn)BD)—u?Tr(q:ABqJBD) —%/l (Tr(dJAB¢BD))2 (3.10)

:_EF FB/,IAV _(DIJCD)AB(D”CD)BA_’UZCDABCDBA_%/](CDABCDBA)2

2 v AB

with (9.4) of [1] also written in compacted matform:
15 (D), =9,05-i([G,.]) . (3.11)
3
Now, we compare (3.10) closely with (3.8), espégiabmparing—— WABF’;( in (3.10) with = (Zn)i Fus (Fg, in

(3.8). Based on this, wesconstruct the t'Hooft Lagrangian so the pure gauge termgifpéhe latent nuclear binding
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3
energies, that is, we choose to ma%{(zn)z Fag (Fan = Fan D:BBJ the pure gauge Lagrangian term, because we know

from (3.6) and (3.7) that this yields latent binding energiey much in accord with those empirically observed in

3
nuclear physics. Thus, we take (3.10), introduce a faxﬁtor(zn)E in front of all the ordinary matrix products, subtrac

off a term F,, (Fy;, introduce similarly-contracted terms everywhere elsd, sdashion the Lagrangian:
3

31 , 1
2=(2n)2 b FumFé +(D,®)  (D“P)  +7/®, Dy, +24 (quBchA)z}

1 F.mFi -(D,®) (D#@) -1 Dy -

_E BB

(3.12)

1
5/1 (P )?

It is readily seen that the pure gauge terﬁwF”V in the above are identical to (3.8), which medmesé terms now
represent the empirically-observed latent nucléadibg energies. However, in constructing this laagian, we carry

3
the same index structure ar(dZn)E coefficients forward to all remaining terms andgfextend this understanding to

the vacuum terms.

The benefit of all of this can be seen by now cd&ising a nucleus wité protons andN neutrons, which therefore has

A =Z + N nucleons. With (3.6) and (3.7), we may write theinsic, available, latent binding energ@B of any such

nuclide as:

1 3 1 3
;B=27 Em((zn)z Fons Fran - FPAAEFFBBJd3X+E N Ejﬂ[(Zn)z Fuas Fivsa = FNAAEFNBBJOPX_

=Z[7.640679 MeW N 09.812358 MeV

(3.13)

This simply restates the results found in Sectidharid 12 of [1] in more formal terms. But, it tiesrm@l theoretical

expressions based on a Lagrangidri] —%Tr(F EIF) and an energyE :—m£d3x to a very practical formula for

deriving real, numeric, empirically-accurate nucl&inding energies. A good example is (1.14) 3B, the latent
binding energy of°Fe.

On the foregoing basis, we now show how to deriveombt thelatent, available binding energies (designated B) via
(3.13), but also thebserved binding energies (which will be designated throughas B, with a “0" subscript) for
several basic light nuclides. Specifically, we nlay the foundation for derivingB, for the®H triton, 3B, for the
*He helion, and most importantly given that it iSuadamental building block of the larger nuclei amany decay
process, 3B, for the’He alpha, all extremely closely to the empiricabda

4. Foundation for Deriving Observed Binding Enesgié the 1s Nuclides

Our goal is to derive thebserved, empirical binding energies for all nuclides witZ <2;N <2 on atotally
theoretical basis. We thereby embark on the undertaking s#h fat the end of [1], to understand in detail, how
collections of Yang-Mills magnetic monopoles—which monopoldlexiions we now understand to be nuclei when the
monopoles are protons and neutrons—organize anchste themselves.

The empirical nuclear weights (masséM ) of the 1s nuclides are set forthRigure 2 (again,A = Z + N). Because

we wish to do very precise calculations, and bezauglide masses are known much more precisaly(@omic mass
units, AMU) than in MeV due to the “relatively pdpiknown electronic charge” [11], we shall work AMU. When
helpful for illustration, we shall convert over eV via lu = 931.494061(21) MeVc but only after a calculation is

10



10

15

20

25

30

JRYFUSION

complete. The data for these nuclides (and the elentass below) is from [11] and/or [12], and is generally kntovn
ten-digit precision in AMU with experimental errors at #leventh and twelfth digits. For other nuclides not listied
these sources, we make use of a very helpful online itatiop of atomic weights and isotopes at [13]. Vertioalumns
list isotopes, horizontal rows list isotones, and diagonakliink isobars of likék. The nuclides with border frames are

stable nuclides. The mass of the neutron M (n)=,M =1.008664916000 and the mass of the proton is
M (p) = ;M =1.007276466812.
The observed binding energies $are readily calculated from the above i8,=20M +N M - 2M using the

proton and neutron massed (p)= M and M (n): oM, and are summarized iRigure 3 (again, theobserved

binding energies will be denoted throughout Bg with a “0” subscript, while latent,theoretically-available binding

energies denoted simply B will omit this subscript)

Now let's get down to business. We already showe(lL2.9) of [1] and discussed in the introducti@rd) that by

identifying the mass of the up quark with the deartebinding energy via the postulate thaLEBO(ZH):

2.224566 Me\, we not only can establish very precise masseshirup and down quarks but also can explain the

confluence of confinement and fission and fusiorffe in a very profound way, wherein 99.8429093%hefawvailable
binding energy goes into binding tf&e nucleus and only the remaining 0.1570907% isemhdor nucleon binding and
so instead confines quarks. And, we extrapolatedtththe thesis to be further confirmed here, thatleons in general
are resonant cavities fusing at energies reflectiibeir current quark masses.

So we now write this postulate identifying (defigjnthe up quark massn, with the observed deuteron binding
energy 2B,, in notations to be employed here, in AMU, as:

m, = 2B, =0.002388170100. (4.2
In AMU, the electron mass, which we shall also nesd

m, =0.000548579909. 4.2)
We then use (1.11) (see also (12.10) of [1]) with) and (4.2) to obtain the down quark mass:

3
m, =(2r)2 m,/3+m, = 0.005268143299. (4.3)
It will also be helpful in the discussion followitg use:

\Jm,m,; =0.003547001876 (4.9
see, e.g., (1.12) and (1.13) in which this firses.
We then use the foregoing in (1.12) and (1.13)&lcwdate thelatent, available binding energy of the proton and

neutron, designated B without the “0” subscript:

B(p)=1B=2m, +m, —(m, +4/mm, + 4mu)/(2n)§ = 0.008202607332 (4.5)
B(n) =B =2m, +m, -(nL +4mm, + 4md)/(2n)§ =0.010534000622. (4.6)

Via (3.13), (4.5) and (4.6) may then be used towdate generally, thiatent, available binding energy:

M+ AT, +AM, | - T AT, +
3 3
(27t)2 (27[)2
=Z[0.008202607332+ N 0.0 010534000622

zB=2[2m +m; - @.7)
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for any nuclide of giverz, N. For the nuclides ifrigures 2and3, thistheoretically-available, latent binding energy B, is
predicted to be: seé-igure 4.

Taking theratio of theempirical values inFigure 3 over thetheoretical values inFigure 4 and expressing these as
percentages then yields: deigure 5.

So we see, for example, that thiée alpha nucleus uses about 81.06% of its total available laiteding energy to
bind itself together, with the remaining 18.94% retained tdilmerthe quarks inside each nucleon. The deuteron releases
about 12.74% of it latent binding energy for nuclear bindingleathe isobars witlh = 3 release about 31% of this latent
energy for nuclear binding with the balance reserved forkgoanfinement. Thdree proton and neutron, of course,
retain 100% of this latent energy to bind their quarksratehse nothing. So one may think of the latent binding energy
as an energy that “see-saws” between confining quarks andhditmyether nucleons into nuclides, with the exact
percentage of latent energgserved for quark confinement versus released for nuclear binding dependent on the
particular nuclide in question.

As a point of comparison, we return¥e which has the highest percentage of used-to-availatdéngienergy of

any nuclide. Its nuclear weight?M =559206744@ (cf. Figure 2), its empirical, observed binding energy
»B,=0.52846118 (cf. Figure 3), its latent binding energyseB=0.52928784 (cf. Figure 4), and its

used-to-available percentag®B,/ 5:B (%) =99.8438286 (cf. Figure 5). No nuclide has a higher such percentage

than *°Fe. While %Ni has a larger empirical binding energgr-nucleon, its used-to- available percentage is lower,

because the calculation in (4.7) literally and fagively weights the neutrons more heavily than the protons by a ratio of:

B(n) _ ;B _0.010534000622

B(p) !B 0.008202607332

=1.28422588032. (4.8)

The above ratio explains the long-observed phenomenon why heavier nuclides tend to have a greater number of
neutrons than protons: For heavier nuclides, because the neutrons earrgnergy available for binding which is about
28.42% larger than that of the proton, neutrons$ iwigeneral find it easier to bind into a heavycleus by a factor of
28.42%. Simply put: neutrons bring more availableling energy to the table than protons and sorame welcome at
the table. The nuclides running frdhGa to*®Cd tend to have stable isotopes with neutron-tdéepraumber ratiosN/2)
roughly in the range of (4.8). Additionally, anildly for the same reason, this is the range in lyHeginning witH'Nb
and ““Mo, and as the N/Z ratio grows even larger thaB)(4one begins to see nuclides which become tHealigt
unstable with regard to spontaneous fission.

Next, we subtradEigure 3 from Figure 4, to obtain the unused)f binding energy U = 2B - /'B, for each nuclide.
These unused binding energies represent the angjutfite latent binding energiagserved for and channeled into
intra-nucleon quark confinement, rather than released and used for inter-nucleon binding. Of course, for the proton and
neutron, all of this energy is unused; it is fulgserved and channeled into confining the quarkes& unused,
reserved-for-confinement energies are:egere 6.

Finally, to lay the groundwork for predicting tlobserved binding energies 8in Figure 3, let us refer to (3.6) and

(3.7), remove the trace, and specify two (3 x 83 x 3) outer product matrices, one for the prot@,.., , and one for

the neutron, Ey .z ,» @ccording to:

Jm

0 0 0
3 1 3
(27t)2 Epnsco = E(Zn)Z _”.J. Feas EIF|=e:DdsX = 0 ﬁ 0 |0 0 \/ﬁ (4.9
0
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Jm, 0

3 1,8
(27)2 Eypoco :E(Zn)z.m Fuse Fucodx=|| 0 m,
0 0

0 Jm, 0 o0
o |0 o Jmy 0[] (4.10)
) lo o ym

From the above, one can readily obtain the eighteenzero diagonal outer prodwimponents (nine for the proton

3

and nine for the neutron), withe, \pop = Eyasep =0 Otherwise:

3
ENllll = EP2222: E P3333: E P2233__ E P332__2 nL/(ZTE)z

3
EP1111: EN2222: E N3333: E N223§ E N3322__ rnd/(ZT‘:)2 (411)

Eorinn= Eps= E pnF E snofE wiFE wBE wif  wasiammy/ (20)2
This is why (4.1), (4.3and (4.4) will be of interest in the development foliog. With the “toolkit” (4.9) to (4.11) we

now have all ingredients needed to closely dedheeempirical binding energies Figure 3 on totally theoretical

grounds. We start with the alpHaie.

5. Prediction of the Alpha Nuclide Binding Energy3 Parts in One Million, and How Binding Energhe® Yang-Mills

Tensor Components

The alpha particle is tH#e nucleus. It is highly stable, with fully satudtls shells for protons and neutrons, and is
central to many aspects of nuclear physics inclydie decay of nuclides into more stable statesseoiaalled alpha

decay. In this way, it is a bedrock building blaifknuclear physics.
Theunused binding energy irFigure 6 for the alpha is U =0.007096629408. Looking over the toolkit (4.11),

we see 2,/m,m, =0.007094003752, so ,U is very close to being twice the value of/m,m, in (4.4). In fact, these
energies are equal to about 2.26 ppeasmillion! Might this be an indication that the alpha usksts latent binding
energy less2,/m,m, for nuclear binding, with the2,/m,m, balance reserved on the other side of the “seé gaw

confine quarks within each of its four nucleonsfstilet’s look at the numbers, then examine thaxaereasons why
this may make sense.

If in fact this numerical coincidence is not justaeincidence but has real physical meaning, thisle&vanean the

empirical binding energy;B, of the alpha igredicted to be (4.7) for ;B , less 2,/m,m, , that is:

M, o gy AN |

(2n): (2n):

gBOPredictedz 2 ZmJ + rT'd

=0.030379212155

where we calculate usimg,,m, from (4.1), (4.3), and,/m,m, from (4.4). In contrast, the empiricgB, =
0.030376586499 in Figure 3. The difference:
3B oprediced— B o=0.030379212155- 0.030376586489  0.0000GBGAI (5.2

is extremely small, with these two values, as ngistlabove for the reserved energy, differing from ametfeer byless
than 3 partsin 1 million AMU! So, let us regard (5.1) to be a correct prediction ®fdpha binding energy to 3 parts per
million. Now, let’s discuss the theoretical reasuaitigy this makes sense.

In [1], a key postulate was to identify the masshef down quark with the deuteron binding energy,(deb) here in
which we again reviewed that identification. Beyahd numerical concurrence, a theoretical explanasiohat in some
fashion the nucleons aresonant cavities, so the energies they release (or reserve) dwisigrf will be very closely tied

to the masses/wavelengths of the contents of trestes. But, of course, these “cavities” contaphquarks and down
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quarks, and their masses are given in (4.1) and (4.3)h&ygeiith the ym,m, construct in (4.4), and so these will
specify preferred “harmonics” to determine the precisegi® which these cavities resonantly release for aucle

binding, or hold in reserve for quark confinement.

3 3
We also see thatomponents of the outer product§2r)2 E g, :%(an2 [[] Fas Fepd® in (4.9) and (4.10) take on
one of three non-zero valuesn,,m,, or \/m,m, , see (4.11). So, in trying to make a theoretittabfempirical binding

data werequire that empirical binding energies be calculapaty from these outer product& g, :%m' Fg Fopd’x
(4.9), (4.10) usingnly some combination of 1) themponents of these outer products andi@jlex contractions of these
outer products. So the ingredients we shall usdotdhis numerical fitting will be restricted to e latent nuclide

binding energies calculated from (4.7); 2) the ¢he@ergiesm,,m,, /m,m, of (4.11) and quantized multiples thereof;

3
and 3) any of the foregoing with (121:)5 coefficient or divisor, as suitable; we also perd)i the rest mass of the

electron m, which is related to the up and down masses viEL{1The method of this fitting is trial and errat,least

for now, and involves essentially poring over thep&ical nuclear binding energy data and seeingdén be arrived at
closely usingnly the foregoing ingredients.
For the alpha, (5.1) meets all these criteria.akt,frewritten with (3.6), (3.7) and (4.9) throu@hl1), we find (5.1)

can be expressegttirely in terms of the outer produck gy :%H Fus (F,d°x  as just discussed, as:

3

3 3 3
gBOPredicted: 2[6(2“)2 Emeen—E RABBJ+ 2[@(211:)2 E ueen —E NABBJ —(211:)2 (E p112f E Nll)Z

. (5.3)
=2 2m+w-%+4“(%;ld+m + 20 am +m, - “(”L;}+m - 2/mmy
2m)2 21 )2

This totally theoretical Yang-Mills tensor expressiyields the alpha binding energy to 2.26 partsm#ion.
In this form, (5.3) tells us that the alpha bindiwergy is actually the 11 2®mponent of a (3 x 3) x (3 x 3) outer

product E,zp , in linear combination with traces o .., . That is, this binding energy is a component of a Yang-Mills

tensor!

This is reminiscent, for example, of the Maxwellner —4xT*" =F*F/ —ZUWF"’”FM, which provides a suitable
analogy. The on-diagonal components of the Maxvexlsor contain both a component term and a traoe jiest like

(5.3). For example, for the 00 termdnT® = FO”FGO—%F”ﬂFHﬁ, we analogizeF*F; to the E,,, and F¥F,; to

3
the (211:)5 Eassa —Eanss N (5.3). The off-diagonal components of the Makwensor, however, daot include a trace

term. For example, for the 01 term in Maxwell, ifewconsider —4aT% = F“"’Fal—nm%F””FaB =FYF,+0, the

Minkowski metric 7* filters out the trace. This latter, off-diagonalatogy allows us to represent (4.1) for the

deuteron as a tensor componeithout a trace term, for example, as (see (4.11)):

3
B opreciciea= M, :(27t)2 E \iuiit 0. (5.4)

So we now start to think about individual observed nuclear binding energies as components of a fourth rank Yang
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Mills tensor of which (5.3) and (5.4) are merely two samples. Thus, as we proceed to examine many different nuclides,
we will want to see what patterns may be discernetidar each nuclide fits into this tensor.

Physically, the alpha particle contains two protons amalrteutrons, in terms of quarks, six up quarks and six down
quarks. It is seen that the up quarks enter (5.3) in a etefplsymmetric fashion relative to the down quatles, that

(5.3) is invariant under the interchangm, —~ m,. The factor of 2 in front of,/m,m, of course means that two
components of the outer product are also involved.&have preliminarily associated,/mm, = E;,,+E,;,, SO that

the neutron pair and the proton pair each contrikﬁ-{fm to (5.3), and (5.3) thereby remains absolutely symmetric

not only underu - d, but also underp - n interchange.

We do note that there is some flexibility in these assegrimof energy humbers to tensor components, because each

of m,,m,, J/mm, in the (4.11) toolkit is associated with several differesmponents of the outer product. So the

choice of E,,, in (5.3) (while requiring p - n symmetry) and ofE,,,,;, in (5.4) is flexible versus the other

available possibilities in (4.11), and should beigiéed once we study other nuclides not yet cargid and seek to
understand the more general Yang-Mills tensor sirac of which the individual nuclide binding enesgi are
components.

One other physical observation is also very notdworand to facilitate this discussion we inclutie tvell-known
“per-nucleon” binding graph abBigure 1. One perplexing mystery of nuclear physics is whegre is such a large
“chasm” between binding energies for fir *H and®He nuclides, and the biding energy of fhie nuclide which we

have now predicted to within parts per million. @asting (5.3) for'He with (5.4) for’H, we see that for the latter
deuteron, we “start at the bottom” witjB, =0 for 'H (the free proton), and then “add’B, = 0+m, worth of energy
to bind the proton and the neutron together fito Conversely, for the alpha we “start at the top™wihe total latent

binding energy ;B =0.03747321590¢, and then subtract off2,/mm, , to match the empirical data with

2B, =0.037473215908- m But as we learned in Section 12 of [1] and ha¥erated here, any time we dot
use some of the latent energy for nuclear bindimag, unused energy remains behind in reserve tiineotne quarks in a
type of nuclear see-saw.

So what we learn is that for the alpha particléotal of Zm =0.007094004 is held in reserve to confine the
quarks, while the majority balancergeased to bind the nucleons to one another. In contfasthe deuteron, a total of
m, = 2B, =0.002388170100 is released for inter-nucleon binding while the majority balenes held in reserve to

confine the quarks.

Now to the point: for some nuclides (e.g. the deurtethe question is: how much energyréeased from quark
confinement to bind nucleons? This is a “bottonof’ nuclide. For other nuclides (e.g., the alpthes) question is: how
much energy iseserved out of the theoretical maximum available, to coafguarks. This is a “top to bottom” nuclide.
For top to bottom nuclides, there is a scalar tiracke Yang-Mills tensors. For bottom to top ndeb there is not. Using
the Maxwell tensor analogy, one may suppose thatesdere there is a Kronecker delég' and/or 5 which filters
out the trace from “off-diagonal” terms and leatles trace intact for “on-diagonal” terms. In thisyy the “bottom to
top” nuclides are “off-diagonal” tensor componeatsl the “top to bottom” nuclides are “on diagonaimponents. In

either case, however, the “resonance” for nucléadibg is established by the components of thg,.., , which are

m,,my,, /MMy in some combination and/or integer multiple. Aag regard§igure 1, the chasm between the lighter
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nuclides andHe is explained on the basis that eachhfH and®*He are “bottom to top” “off-diagonal” nuclides, while
“He, which happens to fill the 1s shells, is the lightes to bottom” “on-diagonal” nuclidéH, *H and®He start at the
bottom of the nuclear see-saw and move’Hg; starts at the top of the see-saw and moves down.

To amplify this point, ifFigure 7 we peek ahead at some heavier nuclides, nagiélgnd ;Be. Using a nuclear shell
model similar to that used for electron structure, allemes in thé/He alpha are in 1s shells. The two protons are spin

up and down each with 1s, as are the two neutrons. As soanaddvwone more nucleon, by Exclusion, we must jump up
to the 2s shell, which admits four more nucleons andeachrup to$Be before we must make an incursion into the 2p

shell.

We note immediately from the above—which has beeticed by others before—that the binding energy
®B, =0.06065475@ of ®Be is almost twice as large as that of the alphtigha to just under one part in ten thousand
AMU. Specifically:
203B, - 5B, =2x 0030376586498~ .0 060654762  0.000098«. (5.5)

This is part of whyBe is unstable and invariably decays almost imnieljianto two alpha particleSBe is the stable
Be isotope). But of particular interest here, istbtract off the alph&B, =0.030376586499 from each of the Li and

Be isotopes, and compare them side by side withntirezero binding energies from H and He. The testulhis

exercise is irFigure 8.
Equation (5.5) is represented above by the fadt filly — 3B, 0 4B . The table on the left is a “1s square” and the

table on the right is a “2s square.” But they asthlis-squares.” What is of interest is that thea@ing three nuclides in
the 2s square are not dissimilar in pattern froendther three nuclides in the 1s square. This misatshree of the four
nuclides in the 2s square start “at the bottom?-tiiigonal” just as in 1s, and the fourlBe, starts “on diagonal” “at the

top.” But, in the 2s square, the “bottom” is thphea particle’s 3B, = 0.030376586499. So the filled 1s shell provides

a “platform” below the 2s shell; a non-zero minimemergy underpinning binding in the 2s square. Arappears at
least from the 1s and 2s examples that nuclides fwit shells are “diagonal” tensor components aficthers are off
diagonal. The see-saw for 2s is elevated so itofvois at the top of the 1s see-saw.

It is also important to note that as we considechrhieavier nuclides—ari@Fe is the best example—even more of the
energy that binds quarks together is released fibrthe nucleons. Fot’Fe, calculating from the discussion prior to
(4.8), the unused binding energy contributed Jl 56 nucleons totals only 0.000826&R2 But in Figure 6 we saw that
0.00709668 of the*He binding energy is unused. Much of this, therfis clearly used by the time one arrive¥’&é.

So, almost all the binding energy that is reserfadjuark confinement for lighter nuclides becomeleased to bind
together heavier nuclides, with peak utilizatioi®®e. That is, by the time @fFe nuclide has been fused together, much
of the binding energy previously reserved in thadg 2s shells to confine quarks has been releasedhis contributes

to overall binding for the heavier nuclides. Oneyntiaus think of the unused binding energy in ligheclides as a
“reservoir” of energy that will be called upon foinding together heavier nuclides. For nuclidesviegahan®Fe, the
used-to-available percentage, Efgure 1, tacks downwards again, and more energy is chadnehck into quark
confinement and less into nuclear binding. So whilark confinement is “bent” to the limit e, with almost all
latent binding energies see-sawed into nucleonifgnchther than quark confinement, quark confinenoam never be
“broken.”

Finally, before turning tdHe in the next section, let us comment briefly apegimental errors. The prediction of
5B opregicres= 0-0303792121558 for the alpha in (5.1), in contrast B, = 0.030376586498 from the empirical data, is

an exact match in AMU through the fifth decimalgaabut isstill not within experimental errors. Specifically, the alpha
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mass listed in [12] and shown kigure 2 is 4.001506179125(6@) which is accurate tten decimal places in AMU.
Similarly, the proton mass 1.007276466812(0&)d the neutron mass 1.00866491600(48)ed to calculate;B, are

accurate to ten and nine decimal places respegtiveAMU. So the match betweef)B and the empirical;B,

OPredictec
to under 3 parts per million is still not within te&perimental errors beyond five decimal places, becdisenergy is
known to at least nine decimal places in AMU. Caousmtly, (5.1) must be regarded as a very close,sbillit
approximate relationship for the observed alpha binding eneAgiditionally, because (5.1) is based on (4.1), wimere

the mass of the up quark is identified with, = 2B, =0.002388170100 which is the deuteron binding energy, the

question must be considered whether this identifing4.1), while very close, is also still appnmste.
Specifically, it ispossible to make (5.1) for the alpha into &sact relationship,within experimental errors, if we
reduce the up quark mass by exaetly0.000000351251415in the seventh decimal place), such that:

m, =0.0023878188491% B= 0.0023881701( (5.6)
That is, we can make (5.1) for the alpha inteesatt relationship if we make (4.1) for the up quarloiminapproximate

relationship, or vice versa, but not both. So, sthete do this?
A further clue is provided by (5.5), whereby #rapirical fBo/‘;BO 02 is a close, but still approximate relationship.

This close but not exact ratio is not a comparibetween a theoretical prediction and empirical plz®n; it is a
comparison between two empirical data points. So this seems to suggest, as one adds more nadie@ system and
makes empirical predictions such as (5.1) baseth@mup and down quark masses, that higher ordeeatmns (at the

sixth decimal place in AMU for alpha and the fifflecimal place in AMU for{B,) will still be needed. So because

two-body systems such as the deuteron can genémliyodeled nearly-exactly, and because a deutetiosuffer less
from “large A = Z + N corrections” than any other nuclide, it makes seatssent evidence to the contrary to regard (4.1)
identifying the up quark mass with the deuterordirig energy to be aexact relationship, and to regard (5.1) for the
alpha to be aapproximate relationship that still requires some tiny coriectin the sixth decimal place. Similarly, as we
develop other relationships which, in light of esipental errors, are also close but still approxamave shall take the
view that these relationships too, especially gi¢&b), will require higher order corrections. Thé the moment, we
leave (4.1) intact as an exact relationship.

In section 10, however, we shall show why (4.13dtually not an exact relationship but is only appnate to about

8 parts peten million AMU. But this will be due not to the closenessleé predicted-versus-observed energies for the
alpha particle, but due to our being able to dgveldheoretical expression for the differenbe(n)-M (p) between

the observed masses of the free neutron and theffoton tdoetter than one part per million AMU.
6. Prediction of the Helion Nuclide Binding Enertgy4 Parts in 100,000

Now, we turn to the3He nucleus, also referred to as the helion. In cebtrath the alpha and the deuteron already

examined which are integer-spin bosons, this nacle@ half-integer spin fermion. Knowing as poéthtait after (5.4)

that we will “start at the bottom” of the see-saw this nuclide, and knowing that our toolkit fasrstructing binding
energy predictions ism,,my,,/m,m, , it turns out after some trial and error exercistestly with these energies that we

can make a fairly close prediction by setting:

B, (°He) = 3Bypregiedd 2M, ++/MM, = 0.00832334201f. (6.1)

Predicted

The empirical energy frorigure 3, in comparison, is;B, = 0.008285602824, so that:

3Bopredied— B o= 0.008323342076~ .0 008285602824  0.0000375202 (6.2)
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While not quite as close as (5.2) for the alpha partibls,i$ still a very close match to just under 4 part$d,000
AMU. But does this make sense in light of the outer petsl(#.9), (4.10)?

If we wish to write (6.1) in the manner of (5.3) and#f5n terms of the components of an outer tensor prodigt, ,

then referring to (4.9), we find that:

3
gBOPredicted: (27[)2 E p3an =2mM, +mm, = \/ﬁ(\/md + zﬁ) . (6.3)
So the expressior2m, +,/m,m, in (6.1) in fact has a very natural formulation whicitizés the trace./m, +2,/m,

(AA index summation) of one of the matrices in (4.9), tinaeg/m, taken from the 33 (or possibly 22) diagonal

component of the other matrix in (4.9). The use in (6.3)Ef from (4.9) rather than ofg, from (4.10), draws from

the fact that we need the AA trace to Qﬁ+2\/ﬁ and not \/m, +2\/ﬁ as would otherwise occur if we used

(4.10). So here, the empirical data clearly causes usetde, from the proton matrix in (4.9) rather tha, from the
neutron matrix in (4.10). We also note that physicdte has one more proton than neutron. This is a third daaipo
the Yang-Mills tensor for nuclear binding.

7. Prediction of the Triton Nuclide Binding Energy to 3 Pant®ine Million, and the Neutron minus Proton Mass

Difference to 7 Parts in Ten Million

Now we turn to the3H triton nuclide, which as shown Figure 3, has a binding energyB, =0.009105585412,
and as discussed following (5.4), is a “bottoma’thuclide. As with the alpha and the helion, vge the energies from

components of the outer product,,,,, see again (4.9) to (4.11). However, following efal trial and error

consideration of all possible combinations, ther@d readily-apparent combination of;,,m,, \/m,m, together with

3
m, and factors of(2z)z which yield a close match to well under 1 percemt;B, = 0.009105585412, which is the

observed $H binding energy.

But all is not lost, and much more is found: Whardging nuclear data, there are two interrelated waysrmulate
that data. First, is to look at binding energiesneshave done so far. Second, is to look at massssxcThe latter

formulation, mass excess, is very helpful when shgipuclear fusion and fission processes, and as alerstw see, it

is this approach that enables us to match up thgirieal binding data for the triton to then,,m,, /m,m,,m, and

factors of (2n)§ that we have already successfully employed fordieteron, alpha, and helion. As a tremendous
bonus, we will be able to derivestictly theoretical expression for thebserved, empirical difference:

M (n)-M(p) =M - M =0.001388449188 (7.1)
between the free, unbound neutron maMs(n) = 1.008664916000 and the free, unbound proton mass
M (p) =1.007276466812, seeFigure 2.

The derivation of théHe binding energy and the neutron minus proton miifsrence is somewhat involved, and so
is detailed in the Appendix. But the results arecdiews: For the neutron minus proton mass different€A15), also

using (1.11), we obtain:

3 3
[M (n) -M ( p)]Predicted: rnJ _rne - V m/lrnd /(27[)2 = TT]J _(Srnd + 2\/ murnd - aTL)/( 21)2 (72)
=0.001389166099
which differs from the empirical (7.1) by a me000000716911, or justover seven parts per ten million! And for the
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®*He binding energy in (A17), we use the above to help obtain:

3

BO (SH)Predicted: iBOPredicted: 4|'TL - 2\/ murnd /( 27-[)E =0.009102256308 (73)

which differs from 3B, =0.009105585412, the empirical value ifFigure 3, by merely 0.000003329104, or just
over 3 parts per million.
A theoretical tensor expression for (7.3) using ponents of an outer produdt,,,, as in (5.3), (5.4) and (6.3), may

be written as:

3
2

+Bopredicted™ (275) (E pozoit E pof E pashE P3;3§ E pnE  paéM - Zx/m/( Zt)g (7.4)

As earlier noted following (5.4), there will be serflexibility in these tensor component assignmentd we develop
a wider swathe of binding energies beyond the tflese” and start to discern the wider patterns.

With the foregoing, we have now reached our goal of deducing precise theoretical expressions for all of the 1s binding
energies, solely as a function of elementary fermion masses. In the process, we have also deduced a like-expression for
the neutron-proton mass difference!

From here, after consolidating our binding energguits and expressing them as mass excess in 1Bé;tiove
examine the solar fusion cycle in Section 9, intlgdoossible technological implications of thessutts for catalyzing
nuclear fusion. In Section 10 we again focus oregrpental errors as we did at the end of Sectican8, explain why
(7.2) should be taken as awact theoretical relationship with the quark masses bimdling energies then slightly
recalibrated.

8. Mass Excess Predictions

Let us now aggregate some of the results so favesas those in the Appendix. First of all, Istdraw on (A4), and

use (A14) and the neutron minus proton mass diifer€7.2) to rewrite (A4) as:

M prsens™ M (p) +2M () ~am, + 2mm, /(20)2 6.

Specifically, we have refashioned (A4) to includesgroton mass and two neutron masses, becaustHth@iton

3
nuclide in fact contains one proton and two newrdrhus, —4m, +2,/m,m, /( 2n)2 represents a theoretical value of

the mass excess of two free neutrons and one fotenpwith M (p) +2M (n) over the mass they possess when fused

into a triton, expressed via a negative number fasian mass loss. This is equal in magnitude ggbsite in sign to
binding energy (7.3).
Similarly for helium nuclei, first we use (A5) torite:

3Bo=20M+ M- M =2M(p)+M(n)- M. (8.2)
We then placeM on the left and use (6.1) to write:
3M =2M (p)+M (n)-2m, -\/mm, . (8.3)
Here, -2m, —m is the fusion mass loss for the helion, also equnédlopposite to binding energy (6.1).

Next, we again use (A5) to write:
Bo =20M +20M = ;M = 2IM (p)+ 2M (n) - ;M . (8.4)
Combining this with (5.1) then yields:

M =2M (p)+2M (n) - Gm, - ém, +(10n, + 100, + 1gmm,)/( 2): +2/mm, . 55)
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The fusion mass loss for the alpha—much larger than fastttex nuclides we have examined—is given by the lengthier
terms after 2M (p)+2M (n). Again, this is equal and opposite to the alphadibig energy in (5.1), with terms

consolidated above.
Finally, from (4.1), via (Ab), it is easy to deduwe the deuteron, that:

M =M (p)+M (n)-m,, (8.6)
with a mass loss represented simply by, , again, equal and opposite the binding energy.(4.1

9. A Theoretical Review of the Solar Fusion Cycle, arRbssible Approach to Catalyzing Fusion Enerdgdde

As a practical exercise, let us now use all of iredoing results to theoretically examine the salaroh cycle. The
first step in this cycle is (A10) for the fusion of tywootons into a deuteron. It is from (A10) that weiedmine that an

energy (Al1l) is released in this fusion, which engengyight of (A13), now becomes:

Energy(; H+ } H- 3 H+e" +v+ Energy= gmm, / ( 12)3 =0.000451141008. (9.1)
This equates to 0.420235 MeV which is a well-kn@mergy in solar fusion as is noted in the Appenitlhe positron

annihilates with an electroe” +e” — y+) to produce an additionapm, worth of energy as well.

The second reaction in the solar fusion cycle is:

*H+H - 3He+ Energy 9.2

wherein deuterons produced in (9.1) fuse with prstm produce helions. We write this in terms ofses as:

Energy=°M + M - M . (9.3)
The proton mass i§M , and these other two masses have already beed, frspectively, in (8.6) and (8.3). Thus,

(9.3) may be reduced to:

Energy(; H+} H- }He+ Energy=m,+mm, = 000593517197 (9.4)

which equates to 5.528577 MeV, also a well-knowergy in the study of solar fusion.
The final step in this cycle fuses two helions tbge to yield alpha particles plus protons, whicbtpns then are

available to repeat the cycle starting at (9.1):
JHe+ He - jHe+ ! H+ [ H+ Energ. (9.5)
The mass equivalent of this relationship is afod:

Energy=M+>M-;M-M- M. (9.6)

Here we again make use g =M (p) , together with (8.3) and (8.5) to write:

3
Energy(g’ Her S He» 5 He I H I H Energy: e+ ng - Anm, —( &g+ P+ 8 md)/( m)2 ©.7)
=0.013732528003
This equates to 12.791768 MeV, which is also a-kmtiwn energy from solar fusion studies.

Now, as is well known (see, e.g. [14]), the reac{@@.4) must occur twice to produce the tyible which are input to
(9.7), and the reaction (9.1) must occur twicermdpce the twoiH which are in turn input to (9.4). So pulling tfails

together from (9.1), (9.4), (9.7) and" +e™ - y+y, we may express the entire solar fusion cycle in (9.8) below. In the

top line below, we show in detail each energy defiom largest to smallest, followed by the elmttand neutrino
emissions. In the second line we segregate in agpparenthesis, each contribution shown in thdinep including the
neutrino mass which is virtually zero. In the thiirte, we consolidate terms. In the final line wee(1.11) to eliminate
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the electron rest mass:

Energy 41 H+ 2 - 5 He-y( 1279 Mel#+ 1A 552Me¥ y§ 0.42MpY yle)+ v

10 1 1q/ M,
=| 2m, + 6m, - afmm, -0 IV LM | o s )+ 2 20T | gm)+ 4m)

(2n)2 (2n)2 | ©8)
= 4m, +6m, + 4m, - 2/m, (1@nd+1m+ 12m, )/
=4m, +6m, - 2/m, (an 22, -12,/m, ) / 2 = 26.733389MeV

The above shows at least two thingsst, the total energy of approximately 26.73 MeVknown to be released during
solar fusion is expressed entirely in terms of a theoretical combination of the up and down (and optionally electron)
masses, with nothing else added! This portends the ability to do the same for ottypes of fusion and fission, once the
analysis of this paper is extended to larger neslid> 2,N > 2.

Secondly, because the results throughout this psgem to validate modeling nucleons as resonaritieawith
energies released or retained based on the masesrajuark contents, this tells us how to catal§resonant fusion”
which may make fusion technology more practibatause (9.8) tells us the precise resonances that go into releasing
the total 26.73MeV of energy in the above. In particular, if one wanted to create an ai@fi¢sun in a box,” one would
be inclined to amass a fuel store of hydrogen, argect that hydrogen fuel store to gamma radiagtoor near the
specified discrete energies that appear in (9.8), so as to facilitate resonant cavity vibrasicat or near the energies

required for fusion to occur. Specifically, one wbbathe the hydrogen fuel store with gamma raaliasit one or more

3
of the following energies/frequenci@s combination, some without, and some with, the Gauss(zm:)i divisor (we

convert to wavelengths viar= (197 Me\J):
6m, =29 44 MeV= 6 69F

m, =2.22 MeV= 88 56F

2m, (harmonig = 4 45Me\t 44 28F

4m, (harmoni¢ = 8 90 Me\= 22 14F (9.9)

Jmm, =3.30 MeV= 59 62F

2,/mm, (harmonig = 6 61Me\t= 29 81F
4 /mmy (harmonic) = 1322Me\t 1491

2md/ 2 =0.62 MeV= 316.15F
10md/ 2;:)2 =3.12 MeV= 63 23F
10m,/ (2
22m, (2x
zm/

3

5 =1.41MeV=139.47F

3

5 .10 MeV= 63.40F (9.10)

=0.42 MeV= 469 53F
(harmonig = 0.84 Me\t 234.77
12Jmm, / ( 2;:)3 (harmonid = 2.52 Me\= 78 26
)2 (harmoric) = 3.36 MeV= 58.69F
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In the above, we have explicitly shown each basic frequemengg which appears in the second, third or fourth lines
of (9.8) as well as harmonics that appear in (9.8). Alse,shrould consider frequencies based on the electron mass and
its wavelength.

So, what do we learn? If the nucleons are regarded asargstavities and the energies at which they fuse depend on
the masses of their current quarks as is made vergmvigy (9.8), and given the particular energies and harsonic
highlighted in (9.9) and (9.10), the idea for harmonic fussaio subject a hydrogen fuel store to high-frequencymgam
radiation proximate at least one of the resonant fregesr@nergies / wavelengths (9.9), (9.10), with the Heawthese
harmonic oscillations will catalyze fusion by perhaps r@uythe amount of heat is required. In present-day approaches,
fusion reactions are triggered using heat generated fromianfiseaction, and one goal would be to reduce or eliminate
this need for such high heat and especially the need fgr figaile trigger. That is, we at least posit the
possibility—subject to laboratory testing to confirm feasibility—that applying the harmonics (9.9), (9.10)to a hydrogen
fuel store can catalyze fusion better than known methods, with less heat and ideally little or no fission trigger required.

Of course, these energies in (9.9), (9.10) are very high, sidd ftom the need to produce this radiation via known
methods such as, but not limited to, Compton backscattaridgany other methods which are known at present or may
become known in the future for producing gamma radiatiompitld also be necessary to provide substantial shielding
against the health effects of such radiation. The highestrggsmallest wavelength component,

6m, = 29.44MeV= 6 69F, is extremely energetic and would be very diffictd shield (and to produce), but this

resonance arises from (9.8) which is for the figdle+ jHe - 3 He+ [ H+ ; H+ Energ' portion of the solar fusion
cycle. If one were to forego this portion of the fusiooycle and focus only on catalyzing

H+IH - “H+e" +v+Energy to fuse protons into deuterons, then the only eeedresonance is

2/mm, /(211-)2 =0.42MeV= 469 53I.

Not only is this easiest to produce because itsggnis the lowest of all the harmonics in (9.9) gAdL0), but it is the
easiest to shield and the least harmful to humans.

Certainly, a safe, reliable and effective method associated hardware for producing energy vianfuprotons into
deuterons via reaction (9.1), and perhaps furthein§ protons and deuterons into helions as in,(8yintroducing at
least one of the harmonics (9.9), (9.10) into arbgdn fuel store perhaps in combination with otkeown fusion
methods, while insufficient to create the “artificisun” modeled above if one foregoes the finahalproduction in
(9.7), would nonetheless represent a welcome, ipehetddition to sources of energy available fof@ams of peaceful
human endeavor.

10. Recalibration of Masses and Binding Energies am Exact Relationship for the Neutron minus Rrdibass

Difference

At the end of Section 5, we briefly commented opegimental errors. As between the alpha partictethe deuteron,
we determined it was more sensible to associatéitiding energy of the deutergmecisely with the mass of the up
quark, thus making the theoretically-predicted alddinding energy a close but not exact match tceitgpirically
observed value, rather than vice versa. But thdigtien in (7.2) for the neutron minus proton maserence to just
over 7 parts in ten million is a very different mesit This is even more precise by half an ordemafjnitude than the

alpha mass prediction, and given the fundamentalr@aof the relationship forM (n)-M (p) which is central to

beta-decay, we now argue why (7sBpuld be taken as aexact relationship with all other relationships recaditad
accordingly, so that now the up quark mass will k& very close to the deuteron binding energy,vall no longer be

exactly equal to this energy.
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First of all, as just noted, thé/l (n)=M (p) mass difference is the most precisely predicted reldtiprsf all the

relationships developed above, uoder one part per million AMU. Second, we have seen that all the other nuclear
binding energies we have predicted are close approximabahsiot exact, and would expect that this inexactitude will
grow larger as we consider even heavier nuclides, seexéonple®Be as discussed Figures 7 and8. So, rhetorically
speaking, why should the deuteron be so “special,” as opposey tireem nuclide, such that it gets to have an “exact”
relation to some combination of elementary fermion massds all the other nuclides do not? Yes, the deuteron should
comeclosest to the theoretical prediction (namely the up mass) of @dlices, because it is the smallest composite
nuclide. Closer than all other nuclidést still not exact. After all, even thed = 2 deuteron should suffer from “larde=

Z + N’ effects even if only to the very slightest degree atpper ten million. Surely it should suffer these effectsemo
than theA = 1 proton or neutron.

Third, if this is so, then we gain a new footing to beedblconsider how the larger nuclides differ from the theatde
ideal, because even for this simplést 2 deuteron nuclide, we will already have a preciselyakn deviation of the
empirical data from the theoretical prediction, whichmay perhaps be able to extrapolate to larger nuclidesHiwh
this deviation certainly becomes enhanced. That isdéti@tions between predicted and empirical binding data for all
nuclides becomes itself a new data set to be studied anfulyp@xplained, thus perhaps providing a foundation to
theoretically eliminate even this remaining deviation.

Fourth, in a basic sense, the deuteron, which is one pfased to one neutron, has a mass which is a measure of

“neutron plus proton,” while M (n)-M (p) is a measure of “neutrominus proton.” So we are really faced with a

question of what gets to be exact and what must be optpgimate:n + p, orn - p? Seen in this lightM (n)-M (p)

measures an energy feature of neutrons and protons in #tie, runbound states, as separate and distinctesniithd

thus characterizes these elemental nucleons in theirtjares In the deuteron, by contrast, we have a two-bodiesy

which is less-pure. So if we must choose between one ootttex, we should choos&l (n)-M (p) to be exact

relationship, with the chips falling where they may fdraher relationships, including the deuteron binding energy.
Now, the deuteron binding energy is relegated to the samgrddimate” status as that of all other compound
poly-nuclides, and only the proton and neutron as distinct mantides get to enjoy “exact” status.

Let us therefore do exactly that. Specifically, for theesoms given above, we now abandonarsiginal postulate that
the up quark mass exactly equal to the deuteron binding energy, and in its place waitub the postulate that (7.2) is
anexact relationship, period. That is, we nalgfine, by substitute postulate, that theexact relationship which drives all

others, is:

[M (n) =M (p)],,....,= 0.001388449188=m, - ( 18 + Jmm, - &) / (2 =[M(n)-M (P) sy (10.D)
Then, we modify all the other relationships accordingly.

The simplest way make this adjustment is to modify thermlgiostulate (4.1) to read:
m, = 3B, +&=0.002388170100+ ¢ , (10.2)
and to then substitute this into (10.1) witkaken as very small but unknown. This is mostlgasilvable numerically,
and it turns out thate =-0.000000830748, which is just over 8 parts in ten million. That is, substituting
& =-0.000000830718 into (10.2), then using (1.11) to derive the down Ruaass, then substituting all of that into
(10.1), will make (10.1) exadtrough all twelve decimal places (noting that experimental errors are in the last two

places).

As a consequence, the following critical mass/ersrgieveloped earlier become nominally adjustedirsgast the
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sixth decimal place in AMU, and now become (contrast (4413), (4.4), (4.5) and (4.6) respectively):

m, = 0.002387339327, (10.3)
m, = 0.0052673125286, (10.4)
Jmm, =0.003546105238, (10.5)
B, =2m, +m, —(m, + 4/mm, + 4mJ)/( 2t)2 = 0008200606481, (10.6)
By =2m, +m, -(m, +4/mm, + 4m, )/( 2;:)3 =0.010531999771. (10.7)

Additionally, this will slightly alter the binding energi¢lsat were predicted earlier. The new results are aswisll
(contrast (5.1), (6.1) and (7.3) respectively):

2B gpreaies= 0-030373002032, (10.8)
2Boypreaies= 0-008320783890, (10.9)
iBOPredictedz 0 00909904707[87 (1010)

and, via (10.3) and this adjustment of masses,

2B o= M, =0.002387339327. (10.11)

In (10.11), we continue to regard the predictedter@n binding energy;B p ..o 10 b€ equal to the mass of the up
quark, but because the mass of the up quark hasbeew slightly changed because of our substitustufade, the

observed energy, which i$B, =0.00238810100u, will no longer beexactly equal to the predicted energy (10.11).

Rather, we will now have;B, # ;B with a difference of less than one part per onliAMU. The precise,

OPredictec’

theoretical exactitude now belongs to thé(n)-M (p) difference in (10.1). As a bonuthe up and down quark

masses how become known to ten-digit precision in AMU, with experimental errors in the 11th and 12thtdjgvhich is
inherited from the precision with which the electrproton and neutron masses are known.

One other point is very much worth noting. With amtirely theoretical, exact expression now devedofw the
neutron minus proton mass difference via (10.1), steat to target the full, dressed proton and meutmasses
themselves. Specifically, it would be extremelyiddse to be able to specify the proton and neutrasses as a
function of the elementary up, down, and electrenmfon masses, as we have here with binding ergergie
Fundamentally, by elementary algebraic principleking each of the proton and neutron masses aslkarown, we can
deduce these masses if we have cantfiedndependent equations, one of which contains antesxpression related to
the sum of these masses, and the other which containscact expression related to thdference of these masses.
Equation (10.1) achieves the first half of thiseaive: for the first time, we now have an exaetitetical expression for
the difference between these masses. But we still lack an indiperexpression related to thsim.

Every effort should now be undertaken to find arottelationship related to the sum of these massedl likelihood,
that relationship, which must inherently explaie tratural ratio just shy of 1840 between the masktee nucleons and
the electron, and/or similar ratios of about 428 &80 involving the up and down masses, will needrherge from an
examination of the amended t'Hooft Lagrangian temm@.10) which we have not yet explored, particiyl those terms
which involve the vacuum® . While analyzing binding energies and mass exaadsuclear reactions as we have done
here is a very valuable exercise, the inherentdition is that all of these analyses invotiifferences. What is needed to
obtain the “second” of the desired two independepations, are sums, not differences (Note: theoadays the GUT
foundation for, and then tackles this very problemwo separate papers published in this samdapssue of IMP).
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11. Summary and Conclusion for thé, ®H, *He and'He nuclides

Summarizing our results here, we now have the followingrétieal predictions for the binding energiesHigure 3,
with isobar lines shown, and with equation numbers for redelteneced for convenience: seigure 9.

The mass loss (negative mass excess) discussed in Seetlioh was very helpful to the exercise of examirtimg
solar fusion cycle in Section 9, is simply the negativesifp@) of what is shown ifigure 9. Having just considered the

M (n)-M (p) mass difference, it is useful to also look at the diffiee between thid and®He isobarsA = 3 in the

above. Given thaiHe is the stable nuclide and tiat undergoes 8~ decay into®He, we may calculate the predicted

difference in binding energies to be:

[iBo - iBo]Predmd: -2m, +[1+ 2/( Zt)gj«/n’hmd =-0.000778263189 (11.1)

The empirical difference —0.000819982588liffers from the predicted difference by 0.0000417123%0is helpful
to contrast the above to (the negative of) (10.1) whichesgmts the most elementay" decay of a neutron into a

proton. Similar calculations may be carried out as betvike isotopes and isotoned-igure 9.

The numerical values of these theoretical binding enemgiEgure 9, in AMU, using the recalibrated (10.8) through
(10.11), are now predicted to be: $ggure 10

These theoretical predictions should be carefully compared to the empirical values in Figure 3. Indeed, subtracting
each entry irFigure 3 from each entry ifrigure 10, we summarize our results for all of the 1s nuclidésigire 11

Figure 11 shows how much eagiredicted binding energy differs fronsbserved empirical binding energies. As has
been reviewed, every one of these predictions is accurateder four parts in 100,000 AMUHe has the largest
difference). Specifically: we have now used the thegis lthryons are resonant cavity Yang-Mills magnetioopoles
with binding energies reflective of their current quarasses to predict the binding energies of‘tie alpha to under
four partsin one million, of the®He helion to undefour partsin 100,000 and of théH triton to underseven partsin one
million. Of special import, we have exactly related the neuininus proton mass difference—which is central to beta
decay—to the up and down quark masses. This in turn enablesthe gigbstitute postulate of Section 10 to predict the
binding energy for théH deuteron most precisely of all, to just oveyaBtsin ten million.

These energies as well as the neutron minus proton nifissertte do not appear to have ever before been
theoretically explained with such accuracy, and each ofdtegoing energy predictions mutually-independent from
all the others. So even if any one prediction is thought to bengothiore than coincidence, the odds against five
independent predictions on the order of 1 part in>X better being mere coincidence excee@ &d1. This is not mere
coincidence!

This leads to the conclusion that the underlying thesisbidrgions generally, and neutrons and protons especially, are
resonant cavity Yang-Mills magnetic monopoles with binding giaer determined by their current quark masses,
provides the strongest theoretical explanation to date of bergions are, and of how protons and neutrons confine their
quarks and bind together into composite nuclides. The theonudgar binding first developed in [1] and further
amplified here, establishes a basis for finally “dengtlithe abundance of known data regarding nuclear masses and
binding energies, and by viewing the proton and neutron as resantiees, may lay the foundation for technologically
realizing the theoretical promise of nuclear fusion.

Finally, because nucleons are now understood to be non-Abeéignetic monopoles, this also means that atoms
themselves comprise coneagnetic charges (nucleons) paired with orbiéidctric charges (electrons), with the periodic
table itself thereby revealing an electric/magnetic sytnymef Maxwell's equations which has heretofore gone
unrecognized in the 140 years since Maxwell first published tgatise on Electricity and Magnetism.
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12. Equivalent Development of tH#l, *H, *He and®He Binding Energies and the Neutron Minus Proton Mass

Difference using Koide Mass Matrices

In the foregoing development, we have used the thesis thairisaare Yang-Mills magnetic monopoles to develop
binding and fusion energies of tAd, *H, *He and*He nuclides and obtain the neutron minus proton mass difference.
However, it is possible to employ the Koide mass fornfzf§, [21] to equivalently and independently derive the very
same results. The benefit of this is that this provédpath for similarly developing a scientific foundatfon mapping
binding and fusion energies for additional heavier nuclidesh asLi, ‘Li, ‘Be, ®Be, B, °Be, ®Be, 'B, 'C, **C and
N which will be developed here. This will enable us tplaphe technological disclosures in section 9 of applicant’s
“resonant fusion” technology to specific fusion reactions involaihgf these heavier nuclides.

The Koide mass formula provides an extremely precis¢iopthip among the electroe)( muon f) and tauon)
lepton masses, even though its origins are not fully uratetstven three decades later. If one defines a diagahalize

“Koide matrix’ K as:

Jm oo o

12.1
Ke=| 0 Jm O (12.1)

and assignsm =m,, m,=m, and m,=m, to this mass triplet, then Koide’s relationship may bettemi using

products of traces(TrK)2 and traces of product3rK?, as:

(\/_ \/_ ‘/_) TrK KanKes D§' (12.2)
m, +m, +m TrK2 KABKBA

Using m, =0.51099892& 0.0000000M&V , m, =105.658371% 0.000008%eV and m, =1776.82+ 0.161ev from

the 2012 PDG data [22], we find using mean experimental nssssvthat this ratioR =1.50002282¢, which differs
from 3/2 by just over two parts per hundred thousand.

Protons and neutrons and other baryons are known to conteinisvalso a triplet of quarks, each of which is
understood to have an associated “current quark mass.” Fop theand down @) quarks, PDG most recently values
these masses ah, =4.8"7 Mev and m, =2.3"7 MeV. [23]

In this section we shall now see how the Koide matrix j12ah also be used to formulate the earlier-presented
relationships for the binding and related fusion-releaseg@enf the’H, *H, *He and*He (1s shell) light nuclides as
well as for the neutronN) minus proton ) mass difference which all comport extremely closelyhat is observed
experimentally, each independently, andeatiiusively as a function of the up and down current quark masses. In all
cases, the accuracy attained is even better than tKaid#'s original relationship (12.2).

To use a Koide matriKp akin to (12.1) for a protordQu), we simply assign the Koide masses to the quark masses vi

m=m,, m =m,=m,. For the neutronufid) we make a like assignmenh =m,, m,=m,=m, to form aKy.

Thus:
Jmg 0 o0 Jm, 0o o
. 12.3
Kpag =[ O \/ﬁ o | Kvas S| O \/E 0 ( )
0 o Jm 0 o Jm

The non-zero components of the (3x3)(3x3) outer ProduGtsI K, = K, Koey aNd K, 0K, =K eKyep are ms

m, and /mm, . Itiseasily deduced as well that the productaies:
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(TrKp )* = KpuKpgg =M, +4/mm, +4m,., (12.4)
(TrKy )" = KyaaK s =M, +4/mm, +4m, (12.5)
and also that the trace of the products:

TrKp? = Kp g Kpga =M, +2m, (12.6)
TrK? = Ky s Kypa =M, +2m,.- (12.7)

The latter (12.6) and (12.7) specify the sum of currentkqoasses inside a proton and a neutron and are akin to the
denominator in Koide’s (12.2). The former (12.4) and (12r8)akin to the numerator in (12.2). The only difference is
the index summation.

It is fruitful to start by subtracting proton trace prod{i2.4) from neutron trace product (12.5), all divided (rzyy)“,

and to then substitute the PDG valueﬁgj =4.8"7 MeV and m, =2.37 MeV. We find:
(T ) =(TrK,)?) 1 (27)"° = 3(m, = m,) 1(27) = 0.476%5% Me\. (12.8)
We see that the expressiq;’(md - mh) /(2;1)1-5 is the same as (1.11) for the electron rest mass Indeed, the electron

rest massm, = 0.510998928 MeV [22] differs from the above by only ab®4i. This is well within the wide
experimental error bars which are just over 20% for tvendmass and just over 50% for the up mass. Also, the above
expresses a difference between some energy nur(rqtyng)2 associated with a neutron and a like-energy number

(-|-er)2 associated with a proton. Also, neutrons undefgaecay into protons by emitting an electron and a

virtually-massless antineutrino.  Given all of the foregoimg,now introduce éirst postulate, with no claims attached
for the moment, that (12.8) is actually exact meaningful relationship among the electron, up and dowrsesase.,

that (we also showrn, in atomic mass units (AMU)):
0.510998928 Me¥0.000548579909 & m, = 3(m, —m, )/ (27)""- (12.9)

This is indeed the same as (1.11), but on the independent fimmd&the Koide matrices. We will now proceed to
employ this postulate in other relationships which wfifer it either contradiction or support.

Next, we note that the lightest mass in the outer prodK(;t@ Kp and Ky OKy mentioned following (12.3) is
m, =237Mev. We simultaneously note that the deuteron binding erig(gglculated from nuclide masses in [25]) is

B(2H)=2.224566 Me\, Which is equal to the up quark mass well within PDGI3yev error bars. As aecond
5

postulate (also to be tested momentarily, making no present cJaiost as we did after (1.11), we regard the up quark

mass to be either identical to the deuteron binding eneegy, i

m, =B(?H) =2.224566 MeV=0 00238817010C, (12.10)

or to be very close thereto (we shall in the end show actioa 10 why these actually appear to differ, but by less tha
1 part per million AMU). In making this postulate, we adyaitroduce a broader hypothesis that the binding energies
of individual nuclides are directly related to the curmertsses of the quarks which they contain, and that thedmdi

energies can be constructed solely and exclusively from themaigucts K, 0K, and K, 0K, , and specifically, as
in the (4.9) to (4.11) “toolkit,” from their traces (#2to (12.7), their components),, m, and m and in some
instances a(z;T)“’ divisor.

If both these postulates are true, then (12.9) and (12.10penaymbined to deduce a down quark mass valued at:

m, = (277)' m, 13+ m, = 4.907244 MeV=0 00526814329, (12.11)
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well within PDG’s m, =4.8"] MeV error bars. This is the same as (4.3), and together(¥2th0), it provides us with

up and down quark masses specified at least a milliorstmmre accurately than those which are presently-lisged b
PDG. But are these reliable mass values? Spedgjficah we interconnect these two postulated masses, which are
well within PDG error bars, with other energies or masseich areempirically-known on anindependent basis?

First, using the more precise up and down masses (12.10)1)l&nerging from postulates (12.9), (12.10), let us
calculate the differenceaE between the energies represented ik ? in (12.6), (12.7), and those represented by

(TrK)Z in (12.4), (12.5) divided b)(z,T)“’. The results are, which are the same as (1.12) and,(ar&3

AE, =TrK,? =(TrK, ) /(271)"* =m, + 2m, - (m, + 4/mm, + 4m,) [ 27)"° = 7.640678MeV = 000820260733 (12.12)

15

AE, =TrK,2=(TrK,)*/(277)° =m, + 2m, —(nL +4/mm, + m) /( 27)"° = 9.812358 MeV .0 01053400062. (12.13)

We note that the average of these two energies is 8.7268¥9adnd that the binding energies of all but the verytégt
and heaviest nuclides are in the range between 8 aneMOpler nucleon. As before, these represent the latennbindi
energies of the proton and neutron. From here, we wily cart calculations in AMU rather than MeV to obtain better
experimental precision, due to the “relatively poorly knowatkbnic charge.” [24] In general, we use empirical data
drawn from [24] or [25] or, if not available at these sosrdeom [13].

First we consider the alpha particle, which is thie nucleus. This ha&=2 protons andN=2 neutrons. If we

calculateZz=2 times AE, in (12.12) plus N=2 timesAg, in (12.13) and subtract ofp /nm , and if we then compare

the result to the empirical binding enef®pf the alpha particle, we find, identically to (5.2) that
2[DE, + 2[AE, - 2/mm, =0.030379212155u

B(*He) =0.030376586499u '’

Difference: 2.625656 %10 1

(12.14)

These energies differ from one another by less than 3 partsilien AMU. Keeping in mind that the alpha contains
two protons and two neutrons, which together in turn hosgpsand six down quarks, it is also to be noted thatd)
is fully symmetric under bothP . N and u -~ d interchange.

Next, consider théHe nucleus, the helion. Here, we fonrrn(P :ﬁ+2 /”L , multiply this by \/ﬁ and compare
to the empirical binding enerd.  The result, identical to (6.2), is:

JM,TrK, = 2m, +,/mm, =0.008323342076 u

B(*He) =0.008285602824 U (12.15)
Difference: 3.7739252x 18 |
These differ by less than 4 parts irr.10

Next, we examine the triton, which is tfé nucleus. Making use of @277)1-5 divisor, here we find that:
4m, - 2,/mm, /()" =0.009102256308 u
B(*H) =0.009105585412 u (12.16)
Difference: -3.329104x10 1

These differ by less than 4 parts in one million, and thideistical to (A18).
Thus far we have been examining binding energies, but lails db fusion-release energies to see if similar close
results obtain. First, consider2p . 2H , the fusion of two protons into a deuteron via

H+!H - ?H+e" +v+Energy- Here, withE representing thempirical fusion-release energy, we find that:
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2,/m.m, /(2r)* =0.000450424092 u
E(2P — *H)  =0.000451141003u (12.17)
Difference: 7:16911x10
The difference here is less just over 7 parts in tenanjliand this is identical to (A13).

Now consider ?H+P - *H , which entails fusing a deuteron and proton into a triton via
H+2H - *H +¢ +v+Energy. Here, we find, equivalently to (A3), that:
2m, =0.004776340200 u
E(°H +P - °H)=0.004780386215u (12.18)
Difference: -4.046015%x16 1

This is a difference just over 4 parts per million.
In fact, the’H binding energy (12.16) is not independent from (12.17) and§);2ather it is derived from (12.17) and
(12.18) as shown in the Appendix. But the other very cruciatioelship derived from (12.17) and (12.18), which we

compare to the observedutron minus proton mass difference M, -M,, equivalently to (A16), is:

m, -(3m, +2/mm, -am,) /( 2:) =0.001389166099 u
M, -M, 0:001388449188 u
Difference: 7.16911x10

(12.19)

This inherits the accuracy of what we found in (12.17),appear s to describe the neutron minus proton mass difference
tojust over 7 partsin ten million!

Given these close relations for the light nuclidesysedlso sample a heavier nuclitie which hag=26 protons and
N=30 neutrons, just to gain some confidence that we can gisessxheavier nuclide binding energésslusively as a

function of up and down quark masses. Similarly to the itwp d¢f (12.14), we now calculatg [AE, + N [AE,, Using

(12.12) and (12.13), compare this to the empiritee binding energy in MeV, and then calculate the percemtiate
latter over the former, to obtain:

26[AE, + 30[AE, =493.028394 M¥

B(*°Fe) = 492.253892 Me\. (12.20)

B(*°Fe)/ (26[RE, + 30AE, ) = 99.842909%

This is closely related to the observation after (12.13)tHeatverage of (12.12) and (12.13) is 8.726519 MeV, which is
also very close to the binding energies per nucleon of manydesidh the middle of the periodic table, see (1.14).
Clearly then, the binding energies of heavier nuclides tsmlse closely expressed as functions of the up and down
current quark masses.

It turns out after thorough examination th%Fe has the highesB/(z [AE, + N USEN) percentage oéll the nuclides

in the periodic table and thetere is no nuclide which exceeds 100%. The fact that this percentage is always just shy of
100% is a direct experimental confirmation quark confinemerdisasissed at (1.14). It is also worth keeping in mind

that the contribution of each neutron to any calculatiorarofenergy numbee =z [AE, + N [AE,, Via (12.12) and

(12.13), is greater than each proton contribution by about 28 d%dyy.a factor of:

AE, _0.010534000624

=————————— =1.28422588032; (12.21)
AE, 0.008202607334

and to juxtapose this with the fact that ab8ie, all stable nuclides either have equal numbers of praimhsieutrons,

or are neutron-rich. This of course, is (4.8) for #Borof the latent neutron-to-proton binding energies.
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It is also worth noting that as among all’bf, °H, *He and’He, that the alphdHe, is the only nuclide for which the

binding energy (12.14) includes, usidg2 andN=2, the energy numbeEsszP +NAE, . None of?H, °H, *He
contains g = Z [AE, + N [AE, , and this fully accounts for why the binding energy is vengimhigher for'He than for

’H, °H and®He. This reiterates the “top to bottom” and “bottonia’ discussion of section 5.
Having presented all of the foregoing data, we now returoutosecond postulate (12.10) which identified the up

quark massIm), with the deuterodH binding energy. We see that the binding energies|fdhe other 1s nucleons
®H, ®He, “He, and even the neutron minus proton mass difference #selfell as the (not independerity + p . *H
and ?H +p - °H fusion energies and th&Fe binding energy can also be very closely approximatedy wsily the

traces (12.4) to (12.7) and componenmts, m, and . /mm, of the outer productx, 0K, and K, 0K, formed
from Koide matrices (12.1) to which we assigff =m,, m, =m,=m, for the proton andm =m,, m,=m,=m, for
the neutron, and the divisc(r2n)1'5. These multiple close relationships appear to validesepbstulate (12.10) that

nuclear binding energies are in fact directly reflecitfethe up and down current quark masses confined within the
nuclide nucleons, wherein the deuteron, as the very eshabmposite nuclide, simply derives its binding energsnfr
the very lightest mass, namely that of the up quark. a®erthe first postulate (12.9) for the relationship antbag
electron, up and down masses was also integrally vadoin deducing all of these binding and fusion energy
concurrences, this tends to offer retrospective confiomahat (12.9) does indeed give a correct, physicallgmimegful
relationship as well. By any objective assessmentptiis against all of these empirical concurrences being wholl
coincidental are astronomical.

Retrospectively, noting that the deduced relationships (121A)2.19) — while very close — are still not exacthnit
experimental errors, we are now motivated to withdthe second postulate (12.10) identifying the up quark mass
exactly with the deuteron binding energy, and in its place to offestiistitute postulate that the neutron minus proton
mass difference is actually thexact relationship which drives all the others. That is, wplace (12.10) with the
substitute postulate that

M, —M, =0.001388449188 & m, - (3m, + 2,/mm, - am,) /( )’ (12.22)
is an exact relationship. We also regard the firstylate in (12.9) to be confirmed by all of the closeti@feships
(12.14) through (12.20), and so now take (12.9) to bexact relationship among the electron, up and down masses.
We then use (12.9) and (12.22) to recalibrate the up and doank masses, and all the binding and fusion-release
energy relationships, accordingly. This is exactly wwixa did in section 10.

As a result, the recalibrated quark masses whyafefinition render (12.22) exact to all decimal places in the empirical
M, —-M, =0.001388449188 mass difference, just as in (10.3), (10.4), are:
m, = 0.002387339327 , (12.23)
m, =0.005267312526 - (12.24)
As other ways to independently measure quark masses ate mare precise beyond the current PDG spreads

m, =4.8"7 Mev and m, =23 MeV, (12.23), (12.24) provide many decimal places at which thpsek mass

predictions (12.23), (12.24) can be strengthened or conteddic

The recalibrated binding energies, contrast (12.14), (12r1d)12.16) respectively f8He, *He, *H, now become, just
as in (10.8) through (10.10):
2[DE, + 2[AE, - 2/mm, = 0 030373002032, (12.25)
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2m, +,/mm, = 0.008320783890 , (12.26)
am, -2, /mm, /( 2;:)% = 0 009099047078- (12.27)

Additionally, because the up and down masses have now eegibrated by less than one part per million in AMU,

the observedH deuteron binding energy_:,(zH ):0.002388170100 is no longeexactly equal to the mass of up quark,

but instead differs as shown below, and just as in (10.11):

m, =0.002387339327 u
B(ZH) =0.002388170100u (12.28)
Difference: -8.30773x10

Following recalibration, the accuracy to less than one martiillion of the originally-derived neutron minus proton
mass difference has migrated instead to a differencessftf@an one part per million between the up quark mass and the
deuteron binding energy. The difference between the bindingieséretrodicted” by (12.25) to (12.28), and those
actually observed empirically, is the same as those sioWwigure 11, with diagonal lines representing nuclear isobars
of like A=Z+N, but with the results in this section based strictly on fis&me-type matrices for protons and neutrons.
This close fitting is what retrospectively validates the Ruarsses (12.23), (12.24), the neutron minus proton mass
difference (12.22), and the up and down and electron mas®mstip (12.9), upon all of which this fitting is based.
Any substantial alteration in these four relationskipsild adversely affect the fit iRigure 11

It is also to be noted that the various relationshipyaltan be combined to derive the earlier (9.8), whichesgas
the 26.73 MeV of energy empirically-observed to be sddaluring a single solar fusion event whereby four protons are
fused into an alpha particle, solely as a function of fheand down quark masses, also to parts per million in AMU
This in turn provides the foundation for catalyzing resonanbfusinergy release just as was developed in section 9.
The purpose of the foregoing in this section is not to betiteyus, but to show that the same results we found ithell
previous sections can be independently obtained via Koide-sége matrices (12.1) and (12.3). The reason is that this
will now enable us to establish resonant fusion relatipssénd the technological approach to catalyzing resonaiurf
for some heavier nuclides as well, and in particular’lfpr’Li, "Be, ®Be, 1B, °Be, %Be, 'B, *'C, **C and™N.

13. Binding Energies and Fusion Reactiongfar’Li, ‘Be and’Be

In this section we continue using the Koide matrices1(1By developing fusion and binding relationships for the 2s
shell nuclide$Li, “Li, ‘Be and®Be. The first nuclide we consider®si.  In doing so, we observe, for example from
[13], that there are no stable nuclides with=Z+N=5. One A=5 candidate for possible stabilityHe, has a
half-life of 700(30)x10?* s and immediately sheds the extra neutron decay infithalpha. The other candidatki,
has a half-life of 370(30)xI¢f s and sheds the extra proton to decay intotee alpha. If we seek stability, the
lightest stable nuclide in the 2s shelflis

Let us therefore now consider the processe+2p - SLi+e" +v + Energy Whereby one fuses an alpha particle with
two protons in order to create a stablé nuclide plus a positron and neutrino. The energy seléaduring this
hypothetical fusion event is:

Enagy = ;M + M, - M —m, =0.002033478 (13.1)
where M =4.001506179125 is the observed nuclear weight of thide alpha, M, =1.007276466812 is the
observed proton masg$m =6.013477055 1 is the observebli nuclear weight, and the electron mass is given in (12.9).

We saw in the last section thaqj, m, and /med , Which are the nine non-zero components of the outer poduc

Kp OKp =Ko Koo and Ky OKy =KyasKyeor @S well as the foregoing divided by the natural nun‘(qef)l'S, are the
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“energy numbers” based exclusively on the up and down quaaikses that we need to look to, to try to fit the binding
and fusion energy data. We again do the same herés reldily determined that:

o/mm, /(277)"° = 0.00226396 L, (13.2)

is extremely close to (13.1), differing by a meren8153 10° |, that is, about 7 parts per million AMU.  Might this be
a “significant” relationship, and not merely a close cmiance?

Here, we need to be cautious. The question is whetheo#fécient “9” in (13.2) has some physical significano
relation to the Koide matrix (12.1) and/or the physical prigerof the “target nuclide®Li which we are presently
considering, and is not merely a fortuitous coincidend@f course, (12.1) is a 9 component matrix, and its outer
products have exactly 9 non-zero components. But the semificof the coefficient “9” is more physically-direct
when we consider thdti contains exactly 9 up quarks and 9 down quarks. ThaBisis the number ofup/down
quark pairs contained in &Li nuclide.  So if (13.2) is in fact a theoretical exjsien to 7 parts per million for the
energy released to fuse an alpha plus two protons ifith then this would mean that in order to bind together°te

nuclide, each of the nine up/down quark pairs in the tdiigenuclide has to give upL/mm, /(2n)1-5 “dose” of

energy. This suggests that perhaps “9” is not a random numbmiakas some physical sense.

So let us provisionally hypothesize that (13.2) corregtiyes the fusion-release energy for the reaction (13.1), by
writing:
Energ)(;‘He+ D Li+ve +v+ Energ)/: M+ B -M-m= Imm, (2" (13.3)
As noted, this is accurate to about 7 parts per million. Tétars see if this is backed up by other nuclides.

Now, having “built” a®Li nuclide, let us consider the hypothetical isomericdusﬁ)rocessgu +p - /Be+Energy
whereby &Li nuclide is fused with a proton to produc@® nuclide. For this event, the energy released is:
Energy= $M +M - /M =0.006018011721 - (13.4)
where we use the empirical vaIueg:M =6.013477055 1, /M =7.014735510362 , and the proton mass

M =6.013477055 Comparing to our restricted set of ingrediem:s, m, and /med and these divided by

(277)1'5, we find that:

18m, /(2m)"° =0.006019934830 - (13.5)

This differs from (13.4) by1.92310833848 18 , or just under 2 parts per million AMU. What might be the
significance of the coefficient “18,” to be certain thtase are not just coincidental integer multiples? Herewhich
is now the “source nuclide” to which we wish to add a protontains 18 quarks in total. So (13.5) may be explained

on the basis that each of the 18 quarks inside®bf muclide has to give up an energy “dosage” of exaqtly, /(277)1'5

in order to bind with a proton and yieldBe nuclide. That is, each quark®id has to give up some energy, precisely
defined in relation to the down quark mass, in ordéntotivate” the new proton to join the 2s shell and proela’Be
nuclide. This makes some physical sense as well, andi@fpao because a similar view (ning!and /(2n)1'5

doses) was used to explain the energy released duringdios fevent/He+2p - SLi+e' +v + Energy. In fact, the

resultsin (13.2) and (13.5) appear to supplement onearenild greatly reduce the probability of coincidence, because
they each, independently, suggest that once we start buildingehewuclides on the stable “base” of an alfHe
nuclide, there are prescribed “dosages” of energy whieheitisting quarks and / or nucleons need to contribute and

which are precisely described (to parts per milliorteims of /mm, for *He>°Li and in terms of m, for °Li>'Be.

Let us therefore also regard (13.5) to correctly sgehi energy in (13.4) to about two parts per million, setting:
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Energy( SLi+p - [Be+ Energy= M +M, - M= 18, ( 2)" (13.6)

Now that we have “built” théBe nuclide, we take note thde is comparatively stable, with a half-life of 53.22(6)
days after which it will decay into the completely stafilenuclide via electron capture. So let us now turn to this

p-decay reaction, which is more formally stated @e+e - [Li+v+Energy- Again, as in (13.1) and (13.4) we
calculate the associated energy:

Energy= /M - /M +m, =0.00092528000 u (13.7)
using the empirical valuegm =7.014735510362 , M =7.014358810272 and the electron mass (12.9). Here,
using our ingredientsm,, m, and \/m and (277)1'5 divisor, we find:

6m, /(277)"° =0.00090948124 v. (13.8)

This differs from the empirical number (13.7) byl1.57948755192¥ 10 , or under two parts per 100,000.
Previously we came up with the numbers 9 (up/down paifsi) and 18 (quarks iffLi). Now we come upon the
number “6” which is the number oiuclides in °Li.  So (13.8) would appear, if meaningful, to say that eadtlide in

the underlying’Li nuclide gives up an energy dose Ofim, /(277)1'5 to facilitate the isotopic beta decay ‘@e->'Li.

This too makes sense in terms of this number not being rarmdrbearing a genuine physical meaning for the nuclide
in question. Together with the result in (13.2) and (13.5),sis3ns to suggest that energies released to enable fusion

or beta decay, at least in the 2s shell, come in disdeges. FofHe>%Li the dose islm/(m)“’ for each
up/down quark pair in °Li. For °Li->'Be the dose isirin, /(27)"* for eachquark in °Li. ~Finally, for 'Be>'Li the
dose is 10, /(277)1'5 for eachnuclide in °Li.  Notably, these respectively utilize the three ingredieM/(zn)”,
m, /(2n)1'5 and %/(2”)1'5- Taken all together, this suggests that the numbers'18;”and “6” which were emerged

by comparing these ingredients to empirical data lhraemningful numbers based on physical properti€sidfself.
So, we now take (13.8) to be a meaningful expressiothoenergy in (13.7) to under 2 parts per 100,000, and so

write:
Energ)(ZBe+e S lLitv+ Energ)/: M-M+m= 6, ( 2" (13.9)

Next, we turn t’Be, which completes the 2s shell, providing 2 protons and 2 neutraedition to four nucleons
which already subsist in the 1s shell. Despite having Emfis and 2s shells and no extra nucleonsBldsotope

has a half-life of 6.7(17)xI®' s, after which it alpha-decays vifBe _. ‘He+ He+Energy into two alpha particles.

For *He, of course, the binding energy is observed tog(gHe) =0.030376586499 . The empirical value of th#Be
binding energy is observed to t@(fge) =0.0606547588 & - And, the*He alpha binding energy is fitted to under

four parts per million byszP +2[DE, - 2 /mhmd as reviewed in (12.14).

It is nothing new to note that tf8e binding energy is almost twice as large as ‘e binding energy, and

specifically, that the empirical ratio:
B(;Be)/ B(;He) =1.9967593 (13.10)
So, we know at the outset that if we simply double tHele binding energy and write

B(fBe)DZX(ZmEP+2mEN - zland), we will get a close approximation to under 1%. Cenaithlen, an

expression of the form4[AE, + 4[AE, -E, should give us the result we want, that is, one would hope that
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ZME, + N[AE, Wwith Z=4 andN=4, minus some unknown energy, (4,/mm, Will give us the’Be binding energy to

within at least parts per 100,000, matching the accuracy éoottier foregoing results. The question is, how do we

determine g, using the same ingredienty,, m, and /and and the(zﬂ)l'5 divisor?

First, it is physically very important that (13.10)nat equal to 2 but is less than 2 by about 0.32%. Since ibappe
that physically, stable nuclides are those which tendroblWwigher rather than lower binding energies, the ratiol()3.
tells us that twdHe will have more binding energy in total than dBe, and for this reasofBe will split into two*He
in order to maximize thisotal binding energy. That is, there is more binding energy i separatéHe than in a

single®Be and apparently nature prefers this. So the veryeexis of the alpha decajBe -, 2[FHe as a preferred
transition over 2[fHe - ®Be appears to depend on the ratio (13.10) being slightly tesn 2. Consequently, this

small diminution from 2 needs to be understood and not simplgcted by approximating tCB(fBe)/ B(;‘He) 02-

Next, as to “numbers” that would make sense in the saayeas “9,” “18” and “6” just above, we note thBe has
A=8 nucleons. So certainly, “8” is a number that would bentérést. Now, we have used the 3-dimensional

Gaussian integration number(z;T)l-5 =15.7496@9457 throughout to report close fits between empirical bindiata

and certain expressions built from of up and down quark maesesoducts of Koide-type matrices (12.1). But, if an

expression like2 /med was an ingredient in successfully matching #He binding energy to parts per million and a

1%/(277)“’ energy dose per quark pair fii successfully reproduced théHe+2p - SLi+e" +v + Energy
reaction also to parts per million, we see that bgW/(z;T)l-S and m are ingredients that provide suitable
energy doses. So becau§gn)1'5:15,749609945[| 1, this means thanem /(2;;)1'5 D\/m- For a nuclide
8Be with 8 nucleons, a coefficient “16” which approximal(vs;_sy)l'5 in fact becomes physically relevant and not just

random.

With this in mind, given thatB(;He) = 2[DE, + 2[DE, - 2 /mumd as seen in (12.14), and given that we need an

E, 04 /and for ®Be, let us use the close approximati@gg/mmd /(2;1)1-5 Omm, to form another energy number:
B' = 2[AE, + 2AE, - 320/mm, /( 27)"° OB(;He)- (13.12)
that is close toB( ;‘He) of (12.14), but not exactly the same. Now, let us condugiettanken of fusing two*He into one

8Be. Of course, this will split into twhHe after 6.7(17)x13" s, but this is still useful to think about. One of the tite
will have to form the 1s shell. The other will need to tayetaround” the 1s shell and form the 2s shell. Let upss@
that the’He which forms the 1s shell retains tlg;{ ;‘He) shown in (12.14). But let us suppose that the dtHerwhich

goes into the 2s shell instead carries with it energy nufi8et1) which is very close to, but not the sameg(s;He).
Accordingly, we now use (13.11) and (12.14) together to constiugi@hesized:

B(;Be) = 41AE, + 4MAE, - 2/mm, - 32/mm, / 27) ° =0.0606332509 - (13.12)
This differs from the empiricaIB(jge) =0.0606547588 @by —2.150002739% 18 |, just over two parts in 100,000.

So the accuracy is in the desired range. But does tlkie g@mse in other ways, so it is not just a coincidentalsgoet

has physical meaning? First, the ratio:

B(fBe) _ 41AE, + 4IAE, - 2/mm, - 32/m,m, (2m)"° — 19960528 2 (13.13)
B(;He) 2[DE, +2[DE, - 2/mm,
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compare (13.10), is less than 2 by 0.4%, versus the eap@i32% noted earlier, and so will also cause theiosact
fBe N ZD;HB to be energetically favored rather thar[gHe N fBe- This a very important prerequisite for (13.12) to
be a valid candidate for tiBe binding energy.
Secondly, noting thatHe contains 6 up and 6 down quarks and is fully symmetric underd quark interchange,
5  we observe thalBe contains 12 up and 12 down quarks and that (13.12) is algcs§utimetric underu « d quark
interchange. Apparentlyu « d invariance is a desirable binding energy symmetry st ea the full-shell nuclides

“He and®Be with equal numbers of protons and neutron and hence of uppamdquarks.

Third, the number 32=8x4 has a very natural meaning mstef the energy dosage considerations uncovered in the

several lithium fusions just reviewed. Referring t@.(®) and (12.13), we see tha{/m m, /(2;1)1'5 is an important

10  “energy dose” arising from the Koide matrices applied to po#and neutrons.  Given tH&e contains 8 nucleons, one

can interpret the (13.12) as saying that each of the 8angia®Be “contributes” a_4m I 2,7)1'5 dose of energy
to binding energy (13.13), to produce the ten@z\/m/(zn)l's. And, because this contribution yields the ratio
(13.13), ourgedanken to fuse 2fHe - ’Be Will last all of 6.7(17)x10" s, after which we will witness the
physically-preferred decayBe - 2[JHe. So (13.12) appears to touch all the bases required ta beedible

15 relationship foBe binding energy and we shall henceforth employ ste$.

With the foregoing, we now have an expressior’B® binding that is accurate to about 2 parts per 100,000, and we

have expressions with similar accuracy for fusion / bietzay energies related %o (13.3), ‘Be (13.6) andLi (13.9).

These fusion / decay energies (13.3), (13.6) and (13.9) malebuctively converted over into binding energies, as

shown next.

20 In general, for a nuclide wité protons andN neutrons hencé=Z+N nucleons, the binding energys is related to
its atomic weight M according to:
AB=ZMM,+NIM - M . (13.14)

Soforthe iLi , Be and Li binding energies respectively, we need to find:

B=3M, +3M, - M
/B=4M_ +3M,-M"
/B=3M, +4M, - M

(13.15)

25  We first use the results in (13.3), (13.6) and (13.9)fer, /M and M to rewrite the above equation set as:

SB=M, +3IM, +9/mm, /(27)°~ {M +m,

. 13.16
’B=3IM, +3[M, +18n, /( 27)"°- M ( )
IB=3IM, +4M, +6m, /(27)° - M -m,
We then use (13.3) and (13.6) again in the latter two esjmes to obtain:
SB=M, +3IM, +9/mm, /(27)°~ M +m,
(13.17)

IB=M, +3M, +18m, /(27)"°+ Q/mm, [ 22)"°- M +m,°
IB=20M, +4IM, +6m, /(271)1'5+ 18n, [ 2T)1'5—§M -m

And we then use (13.3) yet again in the final expressiontairob
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SB=M, +3IM, +9/mm, /(27)°~ M +m,
IB=M, +3M, +18m, /(27)"°+ Qfmm, [ 27)"°- M +m,
IB=4M +6m, /(27)°+18n, ((20)°+ Qmm, ( Z)"°-iM

These expressions are now all reduced to contain the alphamwelight M .  For this we rewrite (13.14) f@=2

(13.18)

andN=2 as:

M =2[M, +2[M, - ‘B. (13.19)
Substituting (13.19) into all of (13.18), we next obtain:

B=M, -M, +9/mm, /( )1'5+“|3+me

IB=M, -M, +18m, /(27)"°+ Qfmm, /( 21)"+ }B+m, : (13.20)

;BZZEQMN—MP)+6rTL/( o) +18n, [ 21)"°+ Qfmm, ( 22)"°+ 7B

Finally, we use the neutron minus proton mass differdi2.22), the up, down and electron relationship (12.9), and
the “He binding energy (12.14) with (12.12) and (12.13), and reduce. Wausieethe quark masses (12.23), (12.24),
directly, to obtain:

$B=7m, +6m, - 2/mm, +(-10m, - 16n, - gmm, )/( 2)° =0.0343364272
IB=7m, +6m, - 2/mm, +(-10m, + 8n, -9/mm,)/(22)*
IB=8m,+6m, - 2/mm, +(2m, + am, - 1ymm,)/( 2 5_0.042105716u

The respectiveempirical values are $B=0.0343470932 (difference of -1.06660«< 10° 1), B =0.0403651049

. (13.21)
=0.0403563620 u

(difference of -8.742% 10° (), and !B =0.0421302542 (difference of -2.45378 10 ). So together witffBe

from (13.12), we have now developed expressions for @lleos nuclide binding energies to small parts peoi.Qfor
"Be) parts per million.

Figure 12 now summarizes the retrodicted expressions and calcuatees for both the 1s and 2s nuclides in the
form of the customary chart of binding energy per nucleonyerted from AMU into MeV vial u=931.49406MeV .
This familiar curve shows eight of the very lightelneents in the well-known form of a per-nucleon binding energy
graph. All of these energies, however, are no longergomgiirical, but rather may be calculated strictly from the
masses (12.23), (12.24) of the up and down quarks which, tveéndicated calculations are performed, will enablé a fi
to the empirical data to parts per million or low pgser 100,000 in all cases. This provides strong validatioritbat
foregoing approach enables nuclear binding energid= tfitted very precisely at a granular level, basedlsale a
function of the up and down quark masses. This fit in tulidat@s the values of masses (12.23), (12.24) via the
observed nuclear binding energies which are known much more preabiaelgny quark mass values derived from deep
inelastic scattering.

Also of interest is that the retrodicted binding energy peclemm of H exceeds that of its isobdaHe by
0.24164918 Me\, while the retrodicted binding energy per nucleofLokxceeds that of its isobdBe by the relatively
similar 0.23278761 Me\. It is often assumed that separate consideration needle iven to the electrostatic
repulsion of an extra proton whidbwers the binding energy of a proton-rich nuclide, €ide and’Be. What the
foregoing shows is that the binding energy difference owinthis electrostatic repulsion is alreaishperently and
integrally built into both the quark masses, and the relationshigsgare 12 which combine these quark masses to
arrive at nuclear binding energies.

Insofar as what we might learn from these results to pregdnes granular way to even heavier nuclides, we see tha
we have essentially “woven” our way through the progres¥iten> °Li > "Be - ’Li in (13.3), (13.6) and (13.9),
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which weaving was then deductively reflected in the bin@dingrgy calculations of (13.14) to (13.21). Part of how we
obtain confidence that our results are meaningful not ralydoomcidental, is that we progress carefully in thisnmer
from one nuclide to the next along known fusion or beta-dewates, and make certain that the coefficients we use at

each step to combine they,, m,, /and and (277)1'5 ingredients make sense in relation to the nuclidegi@stion.

This way, as we build up heavier shells and nuclides, wekhey are being constructed on a carefully-laid foundation
14. Binding Energies and Fusion Reactions'tBt “Be, *Be, "B, *'C, **C and"N

We begin this section by considering tH88 nuclide. For °Li we considered the fusion reaction

JHe+2p - SLi+e€" +v+Energy - We follow a similar route and consider the fusion ctiea
fBe+ 2p - 1§B+e* +v+Energy. The energy released during such a fusion event is:

Enagy = M + M, - ™M -m, =0.006921034I (14.1)
using ~empirical ~data M =8.003110780 ' , YM =10.010194100 , M, =1.007276466812  and
m, =0.000548579909 . We recall from (13.3) that the energy released duiiAe+2p - {Li+e" +v + Energy was
given by QM/(ZH)LS to about 7 parts per million. Becalfie has A=Z+N=6 nucleons and so ha@=3xA/?2
up / downquark pairs, we interpreted this as indicating that each of the nine cpairk gave up onQ/M/(z,T)L5

energy dose during this fusion. Following suit, we observe ‘fiathas A=Z+N=10 nucleons, and so contains

15=3xA/2 up / down quark pairs. Expecting some consistency, we consticfactor 15, /med /(2;7)1'5 and
subtract this from the empirical energy in (14.1) to imbta

0.006921034 t15/mm, /(277)"° = 0.003%4 7Qu0/mm, - (14.2)

So apparently there is still some energy that is unawted for when we open up the 2p shell Wi  However, is

the easily seen that the energy calculated in (14.2) diifens m by 2.3983 10° 1 i.e., by just over two parts
per million AMU, as is also shown above. So we use (14.2)hegetith (14.1) to conclude that:

Energy jBe+ 2 - YB+e" +v+ Energy= M+ B, —'M -m =/mm, +15/mm, /(27) °=0.0069234321.  (14.3)
This differs from the empirical value (14.1) by the sam&983x 10° \, or just over two parts per million. So when

the stable nuclidé’B is created by fusing an unstaBRe with two protons, apparently each up / down quark pair in the

target'°B nuclide contributes one energy does ﬁfﬁ m, /(271)1'5- But in addition, there is an overall energy dose of
/and as well. Noting that in the 2s shell, the orbital angamlamentum i$=0, but that 2p is the first shell in which
nucleons have a non-zerel, it makes sense, at least preliminarily, to regardetktif | /mm, dose that did not appear

when we built’Li, as being required to provide the energy needed to Bust& proton and one neutronrin2, I=1,

m=0 states. So we regard tr(gx A/z)m/(m)“’ energy doses as pairwise contributions by the up and down
guarks to sustain binding, and the overqﬂm dose as a contribution to sustain angular momentum.

Equation (14.3) which states that the ?Be+2p - B fusion releases a total energy of  [mm, +15/mm, /(27)"°,
contrasted with (13.3) which states that ;He+2p - °Li releases a total energy of 9%/(277)1-5, is compelling

validating evidence of this approach, because a) the source nuclidése and ;He are similarly-situated in the first
two Z=N full neutron and proton shell positions in the periodideab) the target nuclide¥s and i are similarly

situated in the first tw@=N positions with a new shell opened for each of protons andomsutc) the reactions are
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like-reactions, d)'9B contains 15 up and 15 down quarks and in the tgm /(277)1'5, 15 appearances of each of
the up and down masses, &)i contains 9 up and 9 down quarks and in the t@ryﬁ] m, /(2;;)1'5, 9 appearances of
each of the up and down masses and f) the only differeetween these reactions is the further tefmm, for

*Be+2p - B, which accounts fd=1 shells which first open up iffg but are not needed L .

Rather than stay inside tme2, =1, m=0 states of the 2p shell, let us see if we can strikbduinto the nuclear
binding table by building th&N in a similar way. Here, for the first time, welMiave protons and neutronsng2, -
=1, m=+1 states, i.e., with non-zero magnetic quantum number states. The analogous reactionsiveonconsider
here, is?’C+2p - YN +e" +v + Energy. The energy released is:
Energy = 2M + 2V | - M —m, =0.01147892%- (14.4)
This uses the empirical dat]§|\/| =11.996708521 , “N =13.99923394 and the proton and electron masses. Noting
that these elements are both alongZhB nuclide diagonal and have equal numbers of up and down carakhat we
have thus far utilized a,\/m =0.003546105 1 construct which isu - d symmetric, let us also bring the
similarly-symmetric ("L +md)/2=0.003827326 u construct into play. This is about 8% larger thm, but has

the appropriate symmetry and so should also be considspeetially when working on th&=N diagonal. Very

interestingly, the above energy (14.4) differs frcg[QmJ +my)/2 by a mere3.0490< 10° . We therefore make the

association:

Energy2C+ 2 - N +e +v+ Energy= M+ MM, - "M -m = gm, +m,)/2=0.01148978 u- (14.5)
Apparently, once we start to construct nuclides for whied®, nature replacem, and simply employs three

“doses” of (m,+m,)/2 to construct®N. Perhaps the number “3” representing these doses magchieed to the

three complete shell levels 1s, 2s anfi@here the superscript “0” indicates0) upon which the proton and neutron to
create'N are overlaid.
Having obtained the relationship (14.3) f8B, which is a stable nuclide, let us see if we camditeout from here.

First, we work over td%B'’s lighter isotone’Be. The reaction we shall consider jge+ p - '%B+Energy, fusing a

proton with®Be to producé®B for which the binding energy is now known in principle (i4.3). (See (13.14) through

(13.21) which show how the binding energy is deduced once nuclegrtvugeestablished.) The fusion energy is:
Enegy= /M + M, - '™ =0.00707027 (14.6)
using the empirical valuegM =0.009987880 |, 1§|v| =10.010194100 and the proton mass. This differs from
gm by 2.1963% 10 1 or just over 2 parts per 100,000 AMU, which is within theges we have previously
taken to be physically meaningful. So we now establiskltee relationship:

Energy(;Be+ p ~ B+ Energy= M +M, - ‘M = 2mm, =0.007092210 1 (14.7)

This binding energy fotBe can now be deduced from this, as will be done shortly below.
The next nuclide we consider branching to frdBis the comparatively stabfBe, which has a half-life of 1.39x40
years before it decays throughdecay into its isotop&B for which we deduced the fusion energy (14.3). Here the

reaction is'’Be _, “'B+e+v +Energy and so the energy relationships are:

Enegy="'"M - ™M —-m, =0.00059680Q - (14.8)
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Above, we use the empiric&fM =10.011339480 , °M =10.010194100 and the electron mass. In trying to fit this

result, we recall from (12.15) that the binding energy’téé is retrodicted to under four parts per 100,000 to be
B(SHe):\/ﬁ(\/ﬁ+2\/ﬁ):2mJ+ [mm, - Keeping this in mind, we form three similar mass contwna

Jm (Y +2ym, )= m, +2fmm, - Jm (Jm, +2)m, ) = 2m, +Jmm, and Jm, (Jm, +2m, )= m, +2/mm, » as

well as the foregoing divided b(/2n)1'5- All of these are readily constructed from the squaot of an up or down

guark mass times the trace of a Koide matrix for tlwtopr or neutron, see, e.g., (12.15). It turns outtti@tvalue in

(14.8) differs from the final expressio(m +2\/M)/(2;T)”’ by -5.0911 10°  that is, by five parts per million

AMU. We take this to be a meaningful relationship, and/iste (14.8) as:

Energy({Be — B+e+v+ Energy= "M - M -m, =(m,+2/mm, )/(27)"° =0.0006018 u- (14.9)
Now we branch up t'B via 15°B+ p+e- 1513+V +Energy. The energies are:

Energy='tM +M, +m, - M =0.011456647 (14.10)

Above, we use'’M =10.010194100 , M =11.006562501 and the proton and electron masses. It turns out that the

above differs fromg[an +m,)/2 by 2.5331% 10° 1\, or under 3 parts per 100,000. We take this as a meahingf

relationship, and so write (14.10) as:

Energy('JB+ p+e - {B+v+ Enegy)= "M + M, +m - M =3[{m, +m,)/2=0.011481978:- (14.11)

So as a respective result of (14.3), (14.7), (14.9) and (14tldgcomes possible to deduce the binding energies of
four new nuclides'®B, °Be, 1%Be and™'B. Before we explicitly deduce these four binding enerdigsys also look at
one final branch, this time froMB to*'C. Carbon-11, which is used to label molecules in PET sbassa half-life of
20.334(24) min before if* decays into™B which we have just uncovered in (14.11) above. This remdtio

UC+e - UB+v+Energy, Which is represented as:
Energ = M +m, - M =0.00212820 u- (14.12)

Here we have used'M =11.006562501 and M =11.008142121 . Comparing to the usual constructs, we see that
4(2”L +J/mm, ) /(27)° differs by -1.49327 10° 1\ less than 2 parts in 100,000. So we take this to be nugahi

and rewrite (14.12) as:
Energ)(161C+e S UB+v+ Energ)/: M+m - IM= 8, ( 2)°+4/mm, /(277)°=0.00211328 u. (14.13)
Now we explicitly deduce the binding energies for 4Il'B, °Be, *®Be, 'B and*'C, before we turn separately i€

which completes the 8subshell (0 representing=0). As we are reminded in (13.14), for a nuclide vithrotons
andN neutrons hencad=Z+N nucleons, the binding energyg is related to its atomic weighfm according to:
SB=ZMM,+NIM, - M . (14.19)
So for the'"B, °Be, *%Be, !B and*'C binding energies, we need to find:
WB=5M, +5M, —'M

JB=4M,+5M, - M

YB=4M,+6M, - M

UB=5M,+6M, - M

UB=6[M, +5M, - M

(14.15)
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We begin by substituting (14.3), (14.7), (14.9), (14.11d é&m.13) into the above, rearranged so that the nuclear
masses on the very right of each of the above may bacezgpl This yields:
WB=3MM, +50M, - M +,/mm, +15/mm, / 27)°
JB=5M, +5M, - M - md
YB=4[M, +6M, - M -m, /(27)° - 2/mm, /(27
UB=4M,+6M - M +3[an+md) 12-m,
UB=6[M,+5M, - M —8m, /(27)°- 4/mm, [ 27)"°+m,

Next we substitute forlgM in the second through fourth expressions, andlsmr and again for15°|v| in the final

(14.16)

expression. This brings us to:

WB=3M, +5M, - M +/mm, +15/mm, /( 27)"°+m,

2B=3IM, +5M, - M - Jmm, +15/mm, [ 27)"°+m,

WB=2[M, +6[M, - M + /mm, +13/mm, /( 22)"°-m, [ 20)**

UB=2[M, +6M, - M +3m, +m,) / 2+ /mm, + 1§/mm, [ 2)*°

UB=3[M, +5[M, - M + 3{m, +m,) / 2+ /mm, -8m, /(27)"°+ 14/mm, /( 27)"°

Now the foregoing all contain the nuclear weigiy  of 8Be. So now we invert (14.14) specifically fie, to write:

(14.17)

M=4M,+4M, - B (14.18)
Substituting this into all of (14.17) and reducing, ngetds:

YB= (M, -M,)+ B+ mm, +15/mm, /(27)°+m,

B= (My-M)+ B-ymm, +15/mm, /(27) " +m, _ (14.19)

WB=2(My - M,)+ B+ mm, +13/mm, /(27)"°-m, [ m)“’

UB=2(M, =M, )+ B+3fm, +m,) / 2+ fmm, + 15/mm,

UB= (M, -M,)+ B+30m, +m,)/2+/mm, - amn, /( 15+1:L/—/ 27)"°+m,

Now we just need to make three final substitutions and esduerom (12.22):

~(am, +2,/mm, -am ) /(zx)*- (14.20)
From combining (13.12) with (12.12) and (12.13) and reducing:
sB=12m,+12m, - 2/mm, -( 20n, + 64mm, + 24 ( 2" (14.21)
And from (12.9):
m, =3(m, -m,)/(272)"°- (14.22)

Making the substitutions (14.20) through (14.22) into all of @¢.teducing, and evaluating using the recalibrated
quark masses (12.23) and (12.24) finally yields'{8; °Be, *®Be, 'B and*'C, respectively:

8 =13m, + 12m, —Jmm, - 20n, + 260, + 5ymm,) ( 2)"°=0.0694937119 u

SB=13m, +12m, - 3/mm, _( 20n, + 260, + 5Im, ) ( 2)"°=0.0624015014 u (14.23)
B =14m, + 12m, - Jmm, -(15n, + 260, + 5§mm,) ( 2)°=0.069726901 u
g = fmu +*md fmym, -(14m, + 26m, +53/m,m, ) /(277)"* =0.0818155590 ¢

ug _7mh +7md - Jmm, - (28m, + 2am, + 58/m,m, ) (27)"* =0.0788624224

Respective empirical values for the above are 0.0695128{86- -1.91016% 1F 1); 0.0624425669 u
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(A=-4.106544 10 1); 0.0697558829 uX =-2.41927& 10 1); 0.0818093296 u/ =6.22936< 1¢° 1); and finally,
0.0788412603 uf =2.11620% 10 1). Now let us finally turn td°C.

Carbon-12 hag=A=6 and fully fills the 2P subshell for both protons and neutrons. It contains 18 up and down
quarks alike. Like*He and®Be, we expect that the binding energy f6€ will be symmetric underu « d

interchange. Therefore, we expect that the only adméssibinbers will be, /mm, and 1(m,+m,) and multiples

and combinations thereof.

Using the proton and neutron latent binding “energy numbers” (t@.2) and (12.13):

OE, =m, +2m,~(m, +4/mm, +an, ) /( 27)"" (14.24)
AE, =m, +2m, - (m, + 4fmm, + an,) /( 27)"°, (14.25)
(12.14) shows that tH#le alpha particle binding energy is:

B =2[AE, + 2[DE, - 2/m,m, (14.26)

to under 3 parts per million AMU.  Similarly, in (13.1®2 found that th&Be binding energy is (see the fully-expanded

expression (14.21) above):

SB=4[DE, + 4[AE, - 2/mm, - 32/mm, /( 27)"°, (14.27)
to about 2 parts per 100,000 AMU. If we define an energgdge’ p, =1 [mm, , then we may write (14.26) in

1
terms ofA=Z+N as:
JB=ZIAE, + NAE, - AD, (14.28)

Using this same dosage, (14.27) may be written as:
A A .
°B =7 [AE, + N [AE, —EDl—E(leDl/(zn)”), (14.29)
recalling that in obtaining (14.29), we took advantagqgfj(zﬂ)”’ =15.749609 4B, See between (13.10) and (13.11).

This is was what accounted for the almost immediate alphayd#mne’Be nucleus into twdH nuclei.

It turns out after some trial and error fitting based onfoegoing, that thé’C binding energy may be specified, not
using m but rather, using the othex . d symmetric construct(m, +m,) which differs fromm by
about 8%, and which has previously appeared in (14.5f¥band (14.11) fot'B. Specifically, it may be calculated
that a*°C binding energy defined in terms of quark masses as {éthumbeA=12 being the number of nucleons):
12B = 6[AE, + 6[AE, —(m, +m,)-12(m, +m,) /( 27)"° =0.098908725%& (14.30)
will differ from the empirical energy 0.0989397763 u bB.1050& 10°

To obtain an “apples-to-apples” comparison with (14.28) @14.29) to help discern the overall pattern of full-shell
Z=N=even elements such #4se, ®Be,*°C, *°0, ®Ne, Mg, etc., which as we have seen in section 3 hereap form a
“backbone” from which it then becomes possible to branch oatase isotones, isobars and isotopes, let us define

another dosage numbep, =1(m, +m,)- Using this in (14.30) allows us to write:

A A .
B=ZIDE, +NI2E,-2D,~" ffr6p, /(27)"°)- (14.31)
While it is not yet clear what the overall formudat is for g in general for theZ=N=even backbone, (14.28),

(14.29) and (14.31) start to give us a sense of whhe looking for.  Trying to further fifO, “Ne and®*Mg, the next

three backbone nuclides, may provide a better wEtwow to propagate this backbone all the way thhothe nuclide
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table, and provide the “tree trunk” for then branching autl@velop in sections 13 and 14 here, to “map” the complete
“nuclear genome” as a function of up and down quark massew foarts per 100,000 or parts per million AMU.

Finally, with one more data point on the nuclear “bacidd identified in (14.30), let us make us of (14.5) and (14.30)
to deduce thé*N binding energy. This is the first element we are comsigein the 2p" subshell, in which the
magnetic quantum numbe¥:0. We again start with (14.14) which tells us that:

YB=7TM,+7M, - %M . (14.32)

We next rearrange (14.5) to separat®  and use this in (14.32), thus:

YB=5MM, +7M, +3x(m, +m,) /2= M +m,- (14.33)
Then using (14.14) in the inverted foriiM =6M, + 6IM , — 1B, we rewrite (14.33) as:

YB=(My —M,)+3x(m,+m,)/2+B+m,. (14.34)

Now, we simply use (14.20), (14.30), (14.24), (14.25) @t22) in the above and reduce. Using the quark masses
(14.23), (14.24), we finally obtain:

“g :‘izgnm +%7m, —(4m +42m, + 5Q/m,m, ) ( Z1)"° =0.1123277324 - (14.35)

The empirical binding energy is 0.1123557343 u,clvhdiffers by 2.800186 1¢ 1 This is our first nuclide which
contains protons and neutrons for whic#0.

The incremental approach of deducing binding eeerdiiy "weaving" from one nuclide to other nearby idesl
through the close consideration of fusion and d&eay reactions as first elaborated in sectionapBears to be very
much re-validated by the results obtained here el wdditionally this sort of approach gives usfidence that our
overall expressions for binding energies are corizcause they are incrementally constructedigrtfanner, brick by
brick or stitch by stitch so to speak, enhancirgghobability that the relationships obtained aeaningful, and are not
random fortuitous coincidences. As regards nucfesion, this extends the range of fusions reactlat one can
catalyze via the “resonant fusion” approach fiistkbsed in section 9.
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Appendix—Detailed Derivation of the Triton Nuclide Binding Empeand the Neutron minus Proton Mass Difference

To derive the triton binding energy, we start by considea hypothetical process to fuseld nucleus (proton) with
a 2Hnucleus (deuteron) to produce3s nucleus (triton), plus whatever by-products emdrge the fusion. Because

the inputs JH and iH each have a charge of +1, and the outpidt also has a charge of +1, a positron will be

needed to carry off the additional electric chaage] this will need to be balanced with a neutribbcourse, there will

be some fusion energy released. So in short, Sierfueaction we now wish to study is:
H+2H - *H+e" +v+Energy (A1)
The question: how much energy is released?
As we can see, this process includeg@a decay. If we neglect the neutrino masg 0O, and sinceme+ =m,, we
can reformulate (A1) using the nuclide massdsgure 2, as theempirical relationship:
Energy= ;M + 2M - M —m, = 0.00478038621L:. (A2)
If we then return to our “toolkit” (4.11), we see tham, = 0.0047763402Q0. The difference:
Energy- 4n, = 0004780386215 . 0 004776340260~ 0.0a02601% (A3)
is four parts per million! So, we now regarfinergy] 2n, to be very close relationship to the empiricaladitr the

reaction (A1) with energy release (A2). For the deartealpha and helion, our toolkit matched up taraling energy.
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But for the triton, in contrast, our toolkit insteadtofed up to dusion-release energy. A new player in this mix, which
has not heretofore become directly involved in predictimglibg energies, is the electron rest mass in (A2). Sgdan

(A3), we set Energy= 2|, and then rewrite (A2), usingM =M (p), as

Mo cgiea= M ( p) +M —2m, - m,. (A4)
Now let’s reduce. To translate betwdggures 2and3, we of course used:

2B, =ZOM +NM - M (A5)

which relates observed binding ener@y, in general, to nuclear mass/weiglit in general. So we now use (A5)

specifically for 3B, and combine this with (A4) usingM =M (n), to write:

Bopredivea=10M +20M = M = 2M (n) - M + 2, +m,. (A6)

Then, to take care of the remaining deuteron rrﬁa\ﬂs in the above, we use (A5) a second time, now?Blg):
Bopredcea™ M+ M =M =M (p)+M(n)= M. (A7)

We then combine (A7) rewritten in terms M , with (A6) to obtain:

1Bopredcied= M (1) =M (P) + *B oprediied 27, M. (A8)

Now all we need iS2Bp.que BUL this is just the deuteron binding energy ). So a final substitution of
iBOPredicted: mJ into (AS) yie|C|SZ

3BOPredlcted M (n) - M ( p) + 3”11 + TTL . (Ag)
So now, we do have a prediction for the triton bigdenergy, and it does include the electron restanbut it also
includes thedifference (7.1) between the free neutron and proton mastsesuld be highly desirable for many reasons

beyond the present exercise to also express thascompletely theoretical basis.

To do this, we repeat the analysis just condudietinow, we fuse twaH nuclei (protons) into a singléH nucleus
(deuteron). Analogously to (Al), we write:
H+1H - H+¢€" +v +Energy, (A10)
and again ask, how much energy? This fusion, ftoi®d, is the first step of the process by whiah $hn and stars

produce energy, and is the simplest of all fusisngs interesting from a variety of viewpoints.

As in (A2), we first reformulate (A10) using thedlide masses iRigure 2, as the empirical:
Energy= M + M - M -m, = M (p)- M -m, = 0.00045114100. (A11)

As a point of reference, this is equivalent to 0225 MeV, which will be familiar to anybody to whwas studied

3
hydrogen fusion. As before, we pore over the “toalbin (4.11), including (2n)§ divisors, to discover that
3
2,/mm, /(Zn)z =0.000450424092. Once again, we see a very close match, spedtyfical

Energy- zlmﬂmd / 2 =0.000451141003- .0 000450424@02 0.00071691G. (A12)
Here, the match is tiust over 7 partsin ten million, and it is the closest match yet! Apparently, eatthe 2 protons
contributes a /mﬂmj/(zft)g energy dose to effectuate thap H fusion into a deuteron. So we take this too tabe

meaningful relationship, and use this to rewritd {pas:
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3
Z/mﬂmd/(Zn)2=2M(p)—fM—me. (A13)
Now we need to reduce this expression. First, using (4.1lgafB, =m,, we write (A7) as:

M =M (p)+M(n)-m,. (A14)
Then we combine (A14) with (A13) and rearrange, dad ase (1.11), to obtain tpeediction:

[M(n) =M (P)], =M —M, —2\/@7%/(211)3 =m, - (3m, +2,/mm, - :m)/( 2t)2 =0.001389166099. (AL5)
This is an extremely important relationship relating theobserved difference (7.1) between the neutron and proton

mass M (n)-M (p) =0.001388449188 solely to the up and down (and optionally electrast masses. This is useful

in a wide array of circumstances, especially betwasclear isobars (along the diagonal lines ofAkehich are shown

in the figures here) whichy definition convert into one another via beta decay. CompdAd®) with (7.1), we see that:

[M(n)=M(p)]. ;e [M(n)-M(p)] =0.001389166099- .0 001388449188  0.000000716  (A16)

Observed

This is the exact same degree of accuracy, taojest 7partsin ten million AMU, which we saw in (A12). So this is yet
another relationship matched very closely by erogirilata.

Because of this, we now take (A15) to be a meaalngfationship, and use this in (A9) to write:

3

Bo(°H), _...= Borresces= 4M, — 2,/m,m, / (2r)2 =0.009102256308. (A17)
As a result, we finally have a theoretical exprasdor the binding energy of the triton, totally terms of the up and

down quark masses. The empirical valiB, = 0.009105585412 is shown inFigure 3, and doing the comparison,

we have:
iBOP,edmed— 3{3 o= 0.009102256308- 0.009105585412— 0.0000@3R2 (A18)

We see that this result is accurate to just oveetparts in one million AMU!
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| claim:
1. Avresonant nuclear fusion system for resonantly-catalythiegelease of nuclear fusion energy, comprising:
a nuclear fuel;

a high-frequency gamma radiation source producing gamma cediptdximate at least one of the resonant

3 3 3
frequencies corresponding tan, , m, , mmy , (m+m,)/2, n]J/(Zn)E : md/(Zn)E : Jn]de/(Zn)E ,
(”L +md)/2(2n)§, integer harmonic multiples of said resonant fesguies, and sums of said resonant frequencies and

said integer harmonic multiples, wherein, is the current rest mass of the up quark angd is the current rest mass of

the down quark; and

said gamma radiation source configured in relatmsaid nuclear fuel so as to subject said nudiggrto said
gamma radiation.
2. The system of claim 1, said gamma radiation soeroploying Compton backscattering to produce saidnga
radiation.

The system of claim 1, said nuclear fuel compriskdydrogen.

The system of claim 1, said nuclear fuel compridgleuterons.

The system of claim 1, said nuclear fuel comprisiig helions.

The system of claim 1, said nuclear fuel compriSlridithium nuclei.

3
4
5
6. The system of claim 1, said nuclear fuel compriéiig alpha particles.
7
8. The system of claim 1, said nuclear fuel comprisbg beryllium nuclei.
9

The system of claim 1, said nuclear fuel compri§Be beryllium nuclei.
10. The system of claim 1, said nuclear fuel comprisi@carbon nuclei.
11. The system of claim 1, said nuclear fuel compriSBe beryllium nuclei.
12. The system of claim 1, said nuclear fuel comprisfig beryllium nuclei.
13. The system of claim 1, said nuclear fuel comprigfiggboron nuclei.
14. The system of claim 1, said nuclear fuel comprish@carbon nuclei.
15. The system of claim 1:

said nuclear fuel comprisirii hydrogen; and

3
said gamma radiation comprising at least one of mgonant frequencies proximaténhmj/(Zn)E and

3
2,/m,m, /(27:)5 ; wherein:
’H deuterons together with nuclear fusion energypaceluced from saidH hydrogen, by catalyzing the nuclear
fusion reaction}H + 1H - 2H+e" +v +Energy.

16. The system of claim 1:

said nuclear fuel comprisirii hydrogen andH deuterons; and

said gamma radiation comprising at least one ofrésenant frequencies proximatsg, , \/m and the sum
m, +m ; wherein:

®He helions together with nuclear fusion energy gneduced from saidH hydrogen and saitH deuterons, by

catalyzing the nuclear fusion reactid + H - 3He+ Energy.

17. The system of claim 1:
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said nuclear fuel comprisirfiie helions; and

said gamma radiation comprising at least one of the resdnemiencies proximatem,, 6m,, 4,/mm, ,

10md/(2n)§ 10n1,/(2n)g, 16/m, / > and the sum
2m, +6m, - 4/mm, -(10m, + 100, + 1g/m, )/ : wherein:

“He alpha particles together with nuclear fusionrgpeare produced from saitHe helions, by catalyzing the
nuclear fusion reactior;He+ He - 5 He+ 1 H+ | H+ Energ.

18. The system of claim 1:
said nuclear fuel comprisirlii hydrogen; and

said gamma radiation comprising at least one of r/sonant frequencies proximagm,, m,, 2m,, 4m,,
3 3 3
Jmm o 2mm, o 4ymm 2md/(2n)2, tom, /(22 , 1om /(2 . 22m/(2x): . 2ymm,/(2x)
41/n1]md/(2n)§, 12\/m, / , 16ym, / > and the sum:

2ﬂL+6ﬂh—4\/ranh-1orm+1(2)+3lmnh +m +mm, )+ 2@ + 4m,)

= 4m, + 6m, + 4m, - 2/mm, - (1anj+ 10n, + 1g/_)/ and addends thereof,
= 4m, + 6m, - 2/mm, +( 2, - 2n, - 13/m, )/

wherein m, is the rest mass of the electron; wherein:

“He alpha particles together with nuclear fusiorrgnare produced from satétl hydrogen, by catalyzing the solar
nuclear fusion reactiomMH+2e™ —~ ;He+y(12.79 MeV+ 2( 5.52Me)# 2 0.42Mew y4e)+ V..

19. The system of claim 1:
said nuclear fuel comprisifftie alpha particles arfth hydrogen:;

said gamma radiation comprising at least one of sonant frequencies proximatsémhmd /(277)1'5 and

9/mm, /(271)"*; wherein:

®Li lithium nuclei together with nuclear fusion eggrare produced from saitHe alpha particles and saté

hydrogen, by catalyzing the nuclear fusion reactipqe+2p - SLi+e" +v + Energy-

20. The system of claim 1:
said nuclear fuel comprisirfyi lithium nuclei and"H hydrogen;

said gamma radiation comprising at least one ofésenant frequencies proximatg, /(277)1'5

and 18m, /(27)"";
wherein:
"Be beryllium nuclei together with nuclear fusionesgy are produced from safdi lithium nuclei and saidH

hydrogen, by catalyzing the nuclear fusion reactfen+ p - /Be+Energy.

21. The system of claim 1:

said nuclear fuel comprisiri@e beryllium nuclei and electrors

5

said gamma radiation comprising at least one ofésenant frequencies proximatq/(zn)l' and 6m, /(2;7)1'5;
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wherein:
"Li lithium nuclei together with nuclear fusion energye goroduced from saidBe beryllium nuclei and said

electronse, by catalyzing the nuclear beta-decay reacti@e+e - [Li+v +Energy-

22. The system of claim 1:
said nuclear fuel comprising at least onéB# beryllium nuclei andHe alpha particles, arféfl hydrogen;

said gamma radiation comprising at least one of the resdrequencies proximate/mm, , /mm, /(277)1'5,

15./m,m, /(277)1'5 and the sum /mm, +15/mm, /(2;1)“’; wherein:

198 horon nuclei together with nuclear fusion energy are pratifroen at least one of sai@e beryllium nuclei and

“He alpha particles, and sdid hydrogen, by catalyzing the nuclear fusion reactf@e+2p - 'JB+e" +v + Energy.

23. The system of claim 1:
said nuclear fuel comprisiftgC carbon nuclei antH hydrogen;

said gamma radiation comprising at least one of the resoffagtiencies proximate(nL +my)/2 and

3[an + 'Th) / 2; wherein:

N nitrogen nuclei together with nuclear fusion energy aoelyred from said?C carbon nuclei and satH
hydrogen, by catalyzing the nuclear fusion reactigm+2p - %N +¢" +v + Energy.
24. The system of claim 1:

said nuclear fuel comprisiri@e beryllium nuclei andH hydrogen;

said gamma radiation comprising at least one of the resonequeincies prOX|mate/mﬂ,~nd and 2 /mﬂmd;

wherein:
98 boron nuclei together with nuclear fusion energy are produced §aid°Be beryllium nuclei and saitH

hydrogen, by catalyzing the nuclear fusion reactgtmﬁ p - 1‘,?B+ Energy-
25. The system of claim 1:
said nuclear fuel comprisigBe beryllium nuclei;

said gamma radiation comprising at least one of the resamantehcies proximatemu/(zlr)l-*“), [m,m, /(277)1-5,

2 Jmm, /(27)"° and the sum(mJ +2 /nL”h)/(ZH)lB? wherein:

198 poron nuclei together with nuclear fusion energy are pratifreen said"°Be beryllium nuclei, by catalyzing

the nuclear beta-decay reactiéfBe . ''B+e+v + Energy-

26. The system of claim 1:
said nuclear fuel comprisigB boron nuclei andH hydrogen;

said gamma radiation comprising at least one of the resoffagtiencies proximate(nL +my)/2 and

30{m, +m,)/2; wherein:

B boron nuclei together with nuclear fusion energy are pemifrom said®8 boron nuclei and saitH hydrogen,

by catalyzing the nuclear fusion reactiéfB + p+e - B +v + Energy-

27. The system of claim 1:
said nuclear fuel comprisifgC carbon nuclei and electroas

5 5

said gamma radiation comprising at least one of the resdrexjuencies proximatem/(z;T)l' , 8m, /(277)1' ,

[mm, /(277)1'5, 4 /mm, /(2;-[)1'5 and the sumgm, /(2;7)1'5+ afmm, /( 2;7)1'5; wherein:
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1B boron nuclei together with nuclear fusion energy are pratifroen said*’C carbon nuclei and said electrans

by catalyzing the nuclear beta-decay reactitm+e - B +v +Energy-
28. A method for resonantly-catalyzing the release of nudiesion energy, comprising subjecting a nuclear fuel to

high-frequency gamma radiation proximate at least one akwnant frequencies correspondingrtp, m,, /m,m .

3 3 3
(m,+m,)/2, rTL/(Zn)E , mj/(Zn)E . Jmmy /(2n)5 , (m, +md)/2(2n)g, integer harmonic multiples of said
resonant frequencies, and sums of said resonamieneies and said integer harmonic multiples, wherg, is the
current rest mass of the up quark ang is the current rest mass of the down quark.

29. The method of claim 28, further comprising prodgcsaid gamma using Compton backscattering.
30. The method of claim 28, said nuclear fuel compgsh hydrogen.

31. The method of claim 28, said nuclear fuel compgéi deuterons.

32. The method of claim 28, said nuclear fuel compgstie helions.

33. The method of claim 28, said nuclear fuel compgéiie alpha particles.

34. The method of claim 28, said nuclear fuel compg8ls lithium nuclei.

35. The method of claim 28, said nuclear fuel compg$Be beryllium nuclei.

36. The method of claim 28, said nuclear fuel compg&®e beryllium nuclei.

37. The method of claim 28, said nuclear fuel compgsi@ carbon nuclei.

38. The method of claim 28, said nuclear fuel compgske beryllium nuclei.

39. The method of claim 28, said nuclear fuel compgsfiBe beryllium nuclei.

40. The method of claim 28, said nuclear fuel compgsfB boron nuclei.

41. The method of claim 28, said nuclear fuel compgshe carbon nuclei.

42. The method of claim 28, further comprising prodgcihl deuterons together with nuclear fusion energynftél

hydrogen, by subjecting said nuclear fuel compgsiaid*H hydrogen to said gamma radiation comprising asti®ne
3 3
of the resonant frequencies proxima@%/(h)é and 2,/mﬂmd/(2n)5 to catalyze the nuclear fusion reaction

H+1H - 2H+e" +v +Energy.
43. The method of claim 28, further comprising prodacifle helions together with nuclear fusion energy frin

hydrogen andH deuterons, by subjecting said nuclear fuel cosipi said*H hydrogen and saitH deuterons to said

gamma radiation comprising at least one of the masb frequencies proximatem, , /m,m, and the sum

m, +4/m,m, to catalyze the nuclear fusion reactidhl + |H — 3He+ Energy.

44. The method of claim 28, further comprising prodaciHe alpha particles together with nuclear fusiorrgpérom
®He helions, by subjecting said nuclear fuel compgisaid®He helions to said gamma radiation comprising astiene

3 3 3

of the resonant frequencies proxima®ey,, 6m,, 4ymnmny , 10md/( 2n)z 10mj/(2n)§, 1a/mej/(2n)E and

3
the sum 2m, +6m, — 4/m,m, —(10T1d +10n, + 1@rrer)/( 2)2 to catalyze the nuclear fusion reaction
SHe+ 3He - 4 Het+ I H+ [ H+ Energ.

45. The method of claim 28, further comprising prodaciHe alpha particles together with nuclear fusiorrgnérom
'H hydrogen, by subjecting said nuclear fuel conipgisaid'H hydrogen to said gamma radiation comprising astle

one of the resonant frequencies proximaey,, m,, 2m,, 4m,, Jmm, , 2Jmm, , 4/mm,, 2md/(2n)g,
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tom /()2 1om/(2): . 2m /() . 2mm /() . agmm /() . 12fmm /(20
1%/(21—)2 and the sum:

2m, + 6m, - 4fmm, - I L o )+ 2mm + 4m,)

(2n)2 (2n):

= 4m, +6m, + 4m, - 2\/— (10"11+ 16n, + 13m, )/ and addends thereof,
= 4m, + 6m, - 2/mm, +( 2, - 22n, - 13/m, )/

wherein m, is the rest mass of the electron, to catalyze thelar nuclear fusion reaction
A0H+2e - jHety(12.79 MeV+ 2( 552 Me)+ 2 0.42Maw pfe)+ v

46. The method of claim 28, further comprising prodadihi lithium nuclei together with nuclear fusion eggrfrom

“He alpha particles antH hydrogen, by subjecting said nuclear fuel conipgissaid“He alpha particles and saiH
hydrogen to said gamma radiation comprising attleas of the resonant frequencies proximM/(zn)l'S and
9,/m,m, /( 2;1)1'5, to catalyze the nuclear fusion reactigfe+2p — SLi+e* +v + Energy-

47. The method of claim 28, further comprising prodaciBe beryllium nuclei together with nuclear fusioneegy

from °Li lithium nuclei and*H hydrogen, by subjecting said nuclear fuel conipgisaid®Li lithium nuclei and saidH

hydrogen to said gamma radiation comprising attlese of the resonant frequencies proximaa;\ga/(z;z)l5 and

18m, /(277)"° to catalyze the nuclear fusion reactigni + p — /Be+Energy.

48. The method of claim 28, further comprising prodacihi lithium nuclei together with nuclear fusion eggrfrom

"Be beryllium nuclei and electrores by subjecting said nuclear fuel comprising s4e beryllium nuclei and said
electronse to said gamma radiation comprising at least onehefresonant frequencies proxima’q@/(zﬂ)l'5 and
6m, /(2;7)1'5 to catalyze the nuclear beta-decay reactj@@+e = 37Li +v +Energy.

49. The method of claim 28, further comprising prodgcitB boron nuclei together with nuclear fusion eneirgyn at
least one ofBe beryllium nuclei andHe alpha particles, arfth hydrogen, by subjecting said nuclear fuel conipgist

least one of saitBe beryllium nuclei andHe alpha particles, and sdid hydrogen to said gamma radiation comprising
at least one of the resonant frequencies proxin@m ,Jmm, /(277)1'5 , 15/mm, /(277)1'5 and the sum
MHW /(277)1'5 to catalyze the nuclear fusion reactigBe+2p — ''B+e" +v + Energy.

50. The method of claim 28, further comprising prodacitN nitrogen nuclei together with nuclear fusion gyefrom
2C carbon nuclei andH hydrogen, by subjecting said nuclear fuel conipgissaid*“°C carbon nuclei and saftH

hydrogen to said gamma radiation comprising attlea& of the resonant frequencies proxim@,ﬁ% +my)/2 and

3{m, +m,)/2 to catalyze the nuclear fusion reactigic +2p — %N +e" +v + Energy.

51. The method of claim 28, further comprising prodacifB boron nuclei together with nuclear fusion enefigyn
°Be beryllium nuclei andH hydrogen, by subjecting said nuclear fuel conipgisaid®Be beryllium nuclei and saitH

hydrogen to said gamma radiation comprising at leas of the resonant frequencies proxime\ajﬁ,@qﬂ—md and 2 /and

to catalyze the nuclear fusion reactigee+ p — ‘B + Energy-

52. The method of claim 28, further comprising prodacifB boron nuclei together with nuclear fusion enefrgyn

50



N

N P P P R PP PR PR RPRRPR PR RERNPRPROO O

JRYFUSION

%Be beryllium nuclei, by subjecting said nuclear fuel compgssaid'®Be beryllium nuclei to said gamma radiation

comprising at least one of the resonant frequencies rpedei m, /(277)1-5, [m,m, /(2n)1-5, 2/m,m, /(2;1)1-5 and the
sum (TTL +2 /and)/(z;y)l'5 to catalyze the nuclear beta-decay reactifge _. B +e+v +Energy.

53. The method of claim 28, further comprising producitg boron nuclei together with nuclear fusion energy from
9B boron nuclei andH hydrogen, by subjecting said nuclear fuel comprising ¥8i boron nuclei and saitH hydrogen

to said gamma radiation comprising at least one of thenaes frequencies proximatgm, +m,)/2 and 3[{m, +m,)/2
to catalyze the nuclear fusion reactitiB + p+e - YB+v +Energy-

54. The method of claim 28, further comprising producit boron nuclei together with nuclear fusion energy from
¢ carbon nuclei and electroasby subjecting said nuclear fuel comprising sa@ carbon nuclei and said electrans

to said gamma radiation comprising at least one of thenaes frequencies proximatmu/(2n)1-5, 8m, /(2;1)1-5,

m/(zﬂ)m , 4m /(2”)1.5 and the sumgm, /(277)1'5+ m /( 27-)1'5 to catalyze the nuclear beta-decay
reaction C +e - UB+v +Energy-

55. Energy, produced as a product-by-process from a prooesedonantly-catalyzing the release of nuclear fusion

energy, said process comprising subjecting a nucleardugbh-frequency gamma radiation proximate at least one of
3 3
the resonant frequencies corresponding £, , m, , Jmmy , (m,+m,)/2 rTL/(Zn)E : md/(Zn)E ,

3
Jmmy /(27:)5 , (”L +|’Th)/2(2ﬂ')g, integer harmonic multiples of said resonant feees, and sums of said resonant

frequencies and said integer harmonic multipleserein m, is the current rest mass of the up quark ang is the

current rest mass of the down quark.

56. The energy product-by-process of claim 55, furtttemprising producing said gamma using Compton
backscattering.

57. The energy product-by-process of claim 55, saidemuduel comprisingH hydrogen.

58. The energy product-by-process of claim 55, saideauduel comprisingH deuterons.

59. The energy product-by-process of claim 55, saideauduel comprisingHe helions.

60. The energy product-by-process of claim 55, saidaauduel comprisingHe alpha particles.

61. The energy product-by-process of claim 55, saideauduel comprisindLi lithium nuclei.

62. The energy product-by-process of claim 55, saideauduel comprisingBe beryllium nuclei.

63. The energy product-by-process of claim 55, saideauduel comprisingBe beryllium nuclei.

64. The energy product-by-process of claim 55, saidemuduel comprising?C carbon nuclei.

65. The energy product-by-process of claim 55, saideauduel comprisingBe beryllium nuclei.

66. The energy product-by-process of claim 55, saidemuduel comprising’Be beryllium nuclei.

67. The energy product-by-process of claim 55, saideauduel comprising’B boron nuclei.

68. The energy product-by-process of claim 55, saideauduel comprising’C carbon nuclei.

69. The energy product-by-process of claim 55, saidgss further comprising produciflg deuterons together with

nuclear fusion energy frofH hydrogen, by subjecting said nuclear fuel conipgissaid'H hydrogen to said gamma

3 3
radiation comprising at least one of the resonaeencies proximate/m#md/(zn)i and 21/m#md/(2n)5 to

catalyze the nuclear fusion reactighl + ]H — 2H+¢€" +v +Energy.

70. The energy product-by-process of claim 55, saictgss further comprising producifigle helions together with
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nuclear fusion energy frofH hydrogen andH deuterons, by subjecting said nuclear fuel comprising‘shiydrogen

and said’H deuterons to said gamma radiation comprising at leastobree resonant frequencies proximare, ,

Jmm, and the summ, +,/m,m, to catalyze the nuclear fusion reactignl + {H - 2He+ Energy.

71. The energy product-by-process of claim 55, said proeetisef comprising producintHe alpha particles together

with nuclear fusion energy froftde helions, by subjecting said nuclear fuel comprising $#édhelions to said gamma
radiation comprising at least one of the resonant frequermiesimate 2m,, 6m,, 4,/mm . 10md/(2n)2

10nL/(2n)g , 16/nLn1d/(2:r)E and the sum2m, +6m, — 4/m, (1011j +10n, + 1g/m, )/ 5 to catalyze

the nuclear fusion reactiojHe+ He - ; Het+ ; H+ | H+ Energ.

72. The energy product-by-process of claim 55, saidgssdurther comprising producifigle alpha particles together

with nuclear fusion energy froftH hydrogen, by subjecting said nuclear fuel compgissiaid*H hydrogen to said

gamma radiation comprising at least one of the re#ofraquencies proximatém,, m,, 2m,, 4m,, {mm .

3 3 3 3 3
afmm, . afmm . em /() . tom/(2): . 1om/(2)e . 2am /() . 2/mm/(2x):
4,/nLn1d/(2n)g, 1Z/n1|n1d/(2:r)g, 16m, / > and the sum:

2m, +6m, - 4fmm, - Om’”((h;)”“ +m +mm, )+ 2@%%)

= 4m, + 6m, + 4m, - 2/mm, - (10111‘“ 16n, + 13m, )/ 2 and addends thereof,
= 4m, + 6m, - 2/mm, +(m, - 22n, - 13/m, )/

wherein m, is the rest mass of the electron, to catalyze thelar nuclear fusion reaction

A0H+2e - jHety(12.79 Me+ 2( 552 Me)+ 2 0.42Maw pfe)+ v

73. The energy product-by-process of claim 55, saiaess further comprising producifigi lithium nuclei together
with nuclear fusion energy froffHe alpha particles anH hydrogen, by subjecting said nuclear fuel conipgisaid
“He alpha particles and sail hydrogen to said gamma radiation comprising asti@ne of the resonant frequencies

proximate /”Lmd/(Zﬂ)l's and 9/rer,/(2n)1'5 , to catalyze the nuclear fusion reaction

JHe+2p - SLi+e€" +v +Energy

74. The energy product-by-process of claim 55, saidcgss further comprising produciri@e beryllium nuclei
together with nuclear fusion energy fréi lithium nuclei and'H hydrogen, by subjecting said nuclear fuel conipgis
said®Li lithium nuclei and saidH hydrogen to said gamma radiation comprising astlene of the resonant frequencies

proximate m, /(2;7)1'5 and 18m, I 2;7)1'5 to catalyze the nuclear fusion reacti§pi + p - /Be+Energy.

75. The energy product-by-process of claim 55, saiagss further comprising produciflg lithium nuclei together
with nuclear fusion energy frofBe beryllium nuclei and electromsby subjecting said nuclear fuel comprising S&id

beryllium nuclei and said electroressto said gamma radiation comprising at least onehef resonant frequencies

15

proximate m, /(277) ® and 6m, /(2;1)1'5 to catalyze the nuclear beta-decay reactj@e+e N 37|_i +v +Energy.

76. The energy product-by-process of claim 55, saidgss further comprising producif® boron nuclei together
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with nuclear fusion energy from at least one®®é beryllium nuclei andHe alpha particles, antH hydrogen, by
subjecting said nuclear fuel comprising at least one idf % beryllium nuclei andHe alpha particles, and saitl

hydrogen to said gamma radiation comprising at least onehef resonant frequencies proxima;ﬁmd ,

[m,m, /(277)1'5, 15/m,m, /(271)1'5 and the sum /mm, +15/mm, /(271)1'5 to catalyze the nuclear fusion reaction

iBe+2p - 'JB+¢€" +v + Energy.

77. The energy product-by-process of claim 55, said processefurbmprising producingN nitrogen nuclei together
with nuclear fusion energy froMC carbon nuclei antH hydrogen, by subjecting said nuclear fuel comprising ¥aid
carbon nuclei and saitH hydrogen to said gamma radiation comprising at leastofnihe resonant frequencies
proximate (m,+m,)/2 and 3fm, +m,)/2 to catalyze the nuclear fusion reacti€ic + 2p . N +e" +v + Energy-

78. The energy product-by-process of claim 55, said profietiser comprising producing’B boron nuclei together
with nuclear fusion energy frofBe beryllium nuclei andH hydrogen, by subjecting said nuclear fuel comprising said

°Be beryllium nuclei and saitH hydrogen to said gamma radiation comprising at leasbbtige resonant frequencies
proximate /mm, and 2 /mm, to catalyze the nuclear fusion reactigBe+ p — B +Energy-

79. The energy product-by-process of claim 55, said profietiser comprising producinB boron nuclei together
with nuclear fusion energy froffBe beryllium nuclei, by subjecting said nuclear fuel pasing saidBe beryllium

nuclei to said gamma radiation comprising at least one hef resonant frequencies proximatﬁh/(z;T)l's,

[m,m, /(2;1)1-5, 2/mm, /(2;1)1-5 and the sum(nL +2 /anj)/(z;T)l's to catalyze the nuclear beta-decay reaction

10 104 o
4Be — 5B+e+V + Energy-

80. The energy product-by-process of claim 55, said profietiser comprising producing'B boron nuclei together
with nuclear fusion energy frofiB boron nuclei andH hydrogen, by subjecting said nuclear fuel comprising ¥8id

boron nuclei and saitH hydrogen to said gamma radiation comprising at leasobtie resonant frequencies proximate

(”L + md)/z and 3[@% +”L) /2 to catalyze the nuclear fusion reactiéB + p+e — B +v +Energy-

81. The energy product-by-process of claim 55, said profietiser comprising producing’B boron nuclei together
with nuclear fusion energy froffC carbon nuclei and electroesby subjecting said nuclear fuel comprising sa@
carbon nuclei and said electromt said gamma radiation comprising at least one of the nesieguencies proximate

m,/(27)", 8m, /(27) ", Jmm, /(27)°, amm, /(27)" and the sumgm, /(27)°+ 4/mm, /(27)"* to catalyze
the nuclear beta-decay reactiéiC +e - B+v +Energy-

82. A high-frequency gamma radiation source apparatus foinusesonantly-catalyzing the release of nuclear fusion

energy, said source preconfigured for producing gamma radiatidnate at least one of the resonant frequencies

. 3 3 3 3
corresponding tom,, my, Jmm, (m +m,)/2, ﬁL/(Zn)Z , md/(Zn)z , «/rerd/(Zn)z o (m, +my)/2(27)2,
integer harmonic multiples of said resonant fregies) and sums of said resonant frequencies addrgéager harmonic
multiples, whereinm, is the current rest mass of the up quark angd is the current rest mass of the down quark.

83. The apparatus of claim 82, said source preconfidytme producing gamma radiation proximate at least of the

resonant frequencieQImMmd/(Zn)g and 2,/m,m, /(Zn)g .

84. The apparatus of claim 82, said source preconfidytoe producing gamma radiation proximate at least of the

resonant frequenciesn,, /m,m, and the summ, +./m,m, .
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The apparatus of claim 82, said source preconfigured éstuping gamma radiation proximate at least one of the
3 3 3
resonant frequencies2m, , 6m, , 4,mm, , 10m, /(2;:)5 : 1OnL/( 2t)2 , 16Jmm, /(2;:)5 and the sum

2m, + 6m, - 4\/— (1071,+1®rL+ 1§/—)/

85. The apparatus of claim 82, said source preconfiytwe producing gamma radiation proximate at least of the

resonant frequenciessm, , m,, 2m,, 4m,, Jmm, , 2/mm, , 4/mm , 2md/(2n)g : 10md/(2n 2
tom,/(20)2 , 22m /(202 . 2ymm, /(202 . afmm /(202 12/mm/(20)2 . 16/mm, /(2n) and the
2m, + 6m, - 4/mm, _10md+10rL+3lanmd +2(nL+M)+ 2@ + 4m)

(2x)r (2x)r

sum  =4m, +6m, +4m, - 2/m, (10nd+1m+ 19m, )/ é and addends
= 4m, +6m, - 2/mm, +( 2, - 2am, - 12/m, )/

thereof.

86. The apparatus of claim 82, said source preconfidytoe producing gamma radiation proximate at least of the
resonant frequencieM/(zn)“’ and QM/(ZH)“’

87. The apparatus of claim 82, said source preconfdytoe producing gamma radiation proximate at least of the
resonant frequencies, /(277)1'5 and 18m, /(2;7)1'5

88. The apparatus of claim 82, said source preconfidytoe producing gamma radiation proximate at least of the
resonant frequencie;qu/(zn)l'5 and 6m, /( 2;7)1'5

89. The apparatus of claim 82, said source preconfdyéoe producing gamma radiation proximate at least of the

resonant frequencie%nhmd , Jmm, /(277)1'5, 15/m,m, /(277)1'5 and the sum,/mm, +15,/mm, /(2;1“’

90. The apparatus of claim 82, said source preconfdytoe producing gamma radiation proximate at least of the
resonant frequenciegm, +m,)/2 and 3ffm, +m,)/2.

91. The apparatus of claim 82, said source preconfidytoe producing gamma radiation proximate at least of the

resonant frequencies/mﬂmd and » /rmnd .

92. The apparatus of claim 82, said source preconfdyéoe producing gamma radiation proximate at least of the

resonant frequencieﬁ]u/(zly)l-*‘), [m,m, /(2n)1-5, 2/mm, /(271)1-5 and the sum(mJ +2 /and)/(z;y)l's.

93. The apparatus of claim 82, said source preconfidytoe producing gamma radiation proximate at least of the

resonant frequencies ”L/(Zﬂ)l'sv gnL/(zn)l“” , /mhmd/(zﬂ)l'5 , 4 mm, /(277)1'5 and the sum

8m, /( 277 +4/mmy /(27
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Abstract
A system and related apparatus, method and energy pioghpcocess for resonantly-catalyzing the release of
nuclear fusion energy, comprising: a nuclear fuel; a high-fre;ugamma radiation source producing gamma radiation

3
proximate at least one of the resonant frequencies corrésgotw m,, m,, /mm, (m,+my)/ 2, n1,/(2n)5,
3 3 3
md/(27r)2 , A/Mmmy /(Zn)z , (”L +”11)/2(27T)5' integer harmonic multiples of said resonant fegguies, and sums of
said resonant frequencies and said integer harnmoniiiples, whereinm, is the current rest mass of the up quark and

m, is the current rest mass of the down quark; afdigamma radiation source configured in relatiorsaa nuclear

fuel so as to subject said nuclear fuel to saidrgamradiation.
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