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Abstract:

We show how the Koide relationships and associated triplet mass matrices can be generalized to
derive the observed sum of the free neutron and proton rest masses in terms of the up and down
current quark masses and the Fermi vev to six partsin 10,000, which sum can then be solved for
the separate neutron and proton masses using the neutron minus proton mass difference derived
by the author in an recent, separate paper. The opposite charges of the up and down quarks are
responsible for the appearance of a complex phase exp(id) and real rotation angle which leads
on an independent basis to mass and mixing matrices similar to that of Cabibbo, Kobayashi and
Maskawa and which can be used to specify the neutron and proton mass relationshipsto
unlimited accuracy. The Koide generalizations devel oped here enable these neutron and proton
mass relationships to be given a Lagrangian formulation based on neutron and proton field
strength tensor s that contain vacuum-amplified and current quark wavefunctions and masses. In
the cour se of development, we also uncover new Koide relationships for the neutrinos, the up
quarks, and the down quarks.
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1. Introduction

In an earlier paper [1], the author introducedttiesis that baryons are Yang-Mills
magnetic monopoles. One of the relationships ptediin this paper, equation [11.22] therein,
predicted the electron rest mass as a functioheotip and down quark masses, namely:

m, =3(m, -m,)/(2r)*, (1.1)
with the factor of(27r)% emerging from a three-dimensional Gaussian integra Based on a

“resonant cavity” analysis of the nucleons wheretgyenergies released or retained during
binding are directly dependent upon the massdseofiiarks contained within the nucleons, we
also predicted that latent, intrinsic binding emesgf a neutron and proton, as in [12.12] and
[12.13] of [1], are given by:

B, =2m, +m, - (m, + 4fmm, + 4m,) /( 27)" = 7.64067BleV (1.2)
B, =2m, +m, - (m, +4/mm, + 4m, ) /(27)' = 9.812358leV . (1.3)

These predict a latent binding energy of 8.7623U8% per nucleon for a nucleus with an equal
number of protons and neutrons, which is remarkalalye to what is observed for all but the
very lightest nuclides, as well as a total laténtling energy of 493.028394 MeV fdiFe, in
contrast to the empirical binding energy of 4922%3MeV. This is understood to mean that
99.8429093% of the available binding energy’fe is applied to inter-nucleon binding, with the
balance of 0.1570907% retained for the intra-nutkeanfinement of quarks. It was also noted
that this percentage of energy released for inteteon binding is higher iffFe than in any

other nuclide, which further explains that althoudlgé quarks come closer to de-confinement in
*Fe than in any other nuclide (which also explaires‘first EMC effect” [2]), they do always
remain confined, as emphasized by the declineisnpircentage beyoridre.

In a second paper [3], the author showed how tésigithat baryons are Yang-Mills
magnetic monopoles together with the foregoingdnest cavity” analysis can be used to
predict the binding energies of the 1s nuclidemels®H, °H, *He and'He, to at least parts per
hundred thousand and in most cases parts per midiod also to predict the difference between
the neutron and proton masses according to:

My =M, =m, - (3m, + 2/mm, - am,) /(2)". (1.4)

This relationship, originally predicted in [6.16][8] to about seven parts per ten million in
AMU, was later taken in [9.1] of [3] to be @wact relationship, and all of the other prior mass
relationships which had been developed were themmailly adjusted to implement (1.4) as an
exact relationship. The review of the solar fusigole in section 8 of [3] served to emphasize
how effectively this resonant cavity analysis carubed to accurately predict empirical binding
energies, and suggested how applying gamma radliaitb the right resonant harmonics to a
store of hydrogen may well have a catalyzing effechuclear fusion. This relationship (1.4)
will also play an important role in the developmbate.

At the heart of these numeric calculations weeettto outer products [3.9] and [3.10] in
[3] for the neutron and the proton, with componegiten by [3.11] and related relationships
developed throughout section 2 of [3]. In partacuthe two matrices which stood at the center
of these successful binding calculations were #8Yang-Mills diagonalized matricés of

mass dimension ¥z with componentiag(K, ) = (\/ﬁ ﬂ ,\/ﬁ) for the neutron and
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diag(K,) = (\/ﬂ ,\/ﬁ ,\/ﬁ) for the proton, wheren, is the “current” mass of the up quark

and m, is the current mass of the down quark.

What is very intriguing about thegematrices (which we designate as such to reference
Koide), is that although they originate out of thesis that baryons are magnetic monopoles,
they have a form very similar to matrices which rbayused in the so-called Koide mass
formula [4] for the charged leptons, namely:

2
Jm +\Jm, + ﬁ) 13
m+m+m; 2
Above, when we taken =m,, m, =m, andm, =m, to be the charged lepton masses, the ratio

R [3/2 gives a very precise relationship among these esassideed, if we use the 2012 PDG
datam, = 0.510998928 0.000000044V , m, =105.658371% 0.000008%V and

m, =1776.82 0.1MeV [5], we find using the mean experimental data Rat1.50002282:

which is very close to 3/2. When we use the ex¢é®eof the experimental data ranges,
specifically, the largest possible tau mass andawest possible mu mass, we obtain
R=1.5000024968. Although this is an order of magietcloser to 3/2 than the ratio obtained
from the mean data, is stdltside of experimental errors. This means that whRlél3/2 is a
very close relationship, even accounting for expental error, it is still approximate. For this to
bewithin experimental errors, it would have to be possiblebtain someR< 3/ 2 for some
combination of masses at the edges of the expetainemges, and it is not. So in the
application of the Koide relationships to variog®le” (low probe energy) mass triplets, the
guestion becomes, nahether a triplet has a ratio exactly equal to 3/2, beeastriplet does
have this exact relationship, but rather, how ctos&?2 any given ratio is, and more importantly,
what the meaning is of this ratio and deviatioasrfithis ratio.

The similarities between the matrices developethbyauthor in [1] and [3] and those
developed by Koide in [4] are highlighted if we iefa Koide matriX generally as:

Jm 0 o0
Keg=| 0 Jm, 0 | (1.6)

0 0 m

Then, the two latent binding energy relationship2) and (1.3) may be represented as:
1

Be = KABKBA_%KAAKBB =Tr(K?) - 7 Tr(K O K)=2m, +m _(md +4/mm, + 4”11) /( ZT)%
(2m) (2m)
Jm, 0 Jmy 0 Jm, o Jm o o)D)
=Tr| 0 Jm, 0 o|--1 m o ym o] o Jym O
o o Jm) o e G T o o Jm

R= ( (1.5)

0
0

0
Jm,
0



1 1
BN = KABKBA_ 3 KAAKBB :Tr(KZ) -

Tr(KOK)=2m, +m,—(m, + +

o Gy K DRI =2m (m, +a/mm, +4m,) /( 27)
Jm o o})ym, 0o o Jm, o o) (ym o0 0 (1.8)
m O Jm o|-—tm o ym oo o ym O

0o Jm o\/ﬁ(zn)zoo\/ﬁ o o Jm
where, starting with (1.6), in (1.7) we have sg=Em, andm, =m,=m, and in (1.8) we have
setm =m, andm, =m,=m,. These originate in the author’s thesis in [Httharyons are
Yang-Mills magnetic monopoles. Above, designates aouter matrix product.

On the other hand, settingy =m,, m, =m, andm, =m, in (1.6), we may write:

Tr(Kz):KABKBA:rr]J.+m2+m3' (1.9)

Tr(K OK) =K,,Kg :(\/ﬁ+ﬁ+\/@)2. (1.10)

Then, using (1.9) and (1.10), Koide relationshig)for charged leptons may be written as:

R= (\/ﬁ+\/@+\/ﬂ)2 _ KuKgs _ Tr(K OK) DE

m +m, +m, KieKea  Tr(K*) 2

Clearly then, the Koide matrices (1.6) providesagyal form for organizing the study of
both binding energy and fermion mass relationshipch lead to very accurate empirical
results. It thus becomes desirable to understamg@tiysical origin of these matrices and tie
them to a Lagrangian formulation so that they aréonger just intriguing curiosities that yield
tantalizingly-accurate empirical results, but iastean be rooted in fundamental physics
principles based on a Lagrangian. And, it is @ddxdé to see if these matrices can be extended in
their application to make additional mass preditiand gain a deeper understanding of the
particle mass spectrum.

Because the binding energy formulation in (1.4 én8) has its roots in the thesis that
baryons are Yang-Mills magnetic monopoles and $ipally emerges from the calculation of

energies viaE = ~[[[ £d°x, see [11.7] of [1] et. seq., the author's previbngings will provide

3
2

3

=Tr

0 0
0 0

(1.11)

us with the means to anchor the Koide relationsim@sLagrangian formulation. And, because
Koide provides a generalization of the mass mariaived by the author, these matrices will
provide us with the means to derive additional nmakdionships as well, in particular, and
especially, the neutron and proton rest masses.

Insofar as Koide relations are concerned, in se@iwe shall show how to reformulate
these in terms of the statistical variance of tlogdlé terms across the three generations, which
yields some new Koide relationships for the newosjrthe up quarks, and the down quarks. We
shall then show in section 3 how to recast thesd&ielationships into a Lagrangian / energy
formulation, which addresses the question as tetyidg origins of these relationships, so that
these relationships are not just curious coincidenbut can rooted in fundamental, physics
principles based on a Lagrangian.

Most importantly, in this paper, we shall combihe author’s previous work in [1] and
[3] as well as [6], using the generalization pr@ddy Koide triplet mass matrices of the form
(1.6), to deduce the observed rest masses 938.8 8¢ and 939.565379 MeV of the free
neutron and free proton, as a function of the updown quark masses and electric charges and
the Fermi vev. This mass derivation is presentesections 4 and 5. In section 6 we will
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examine the “constituent” and “vacuum-amplified’agkimasses of the neutron and proton.
Finally, in section 7 we develop a Lagrangian folation for these neutron and proton masses,
which underscores that these relationships ar@guabtlose numerical coincidences, but
originate from fundamental Lagrangian-based phygicxiples.

2. Statistical Refor mulation of the Koide Mass Relationship

Let us begin by couching the Koide mass relatignéh5) for the charged leptons in
statistical terms, usingy =m,, m, =m, andm, =m, in (1.6). First, using (1.9), we write the
average of the mass(am) in a Koide mass triplein, m,, m,, i.e., the “average of the squares”
of the matrix elements in (1.6), as:

(K?)=Tr(K?) /3= K gKg, /3= (m +m, +m,) /3= (m). (2.1)

Next, via (1.10), we write the “square of the ageraof these matrix elements as:

<K>2=Tr(KDK)=KAAKBB=[m+\/ﬁ+\/ﬁJ2=(‘/ﬁ+\/ﬁ+\/ﬁ)z, (2.2)
3 9

9 9
So, combining (2.1) and (2.2) in the form of (1apws us to write:

2
Q<K>2:Tr(KDK):KAAKBB:(\/ﬁ’f\/@ﬂ/ﬁ) - 23
(K2 Tr(K®) KK m +m,+m, 2 '
This allows us to extract the relationship:

2 _R 1
(K)" =5 (K2 D5(K?). 24)

which naturally absorbs the 3 from the factor &.3/
Now, we simply use (2.4) to form the statisticatigsnceo(K) in the usual way, as:

R 3 3 1
oK)= (1) ~{" ={a-Z =[G <[ Z-m) 050 =17 =(m)- 29
The key relationship here, using the first and fesns, is:
o(K)O(m). (2.6)
So the averag{am} of the charged lepton masses is approximately yanglclosely) equal to

the statistical variance(K) of Koide matrix (1.6) for the charged leptons.isTis a much

simpler and more transparent way to express thdeimiass relationship (1.5), and it completely
absorbs the factor of 3/2. The key point: (2.@nsentirely equivalent, and far more transparent
way to restate the Koide mass relationship (1.5).

Of course, as noted after (1.5), this is a veoge] but still approximate relationship. The
exact relationship, also extracted from (2.5), asithg R =1.50002282¢ based on the mean
experimental data, is:

J(K):(%— j<m>:o.99996956(§n>50<m>, (2.7)

where we have defined the statistical coefficiér@nd the inverted relationship fBras:



3 3

C=—-1 R= : (2.8)
R 1+C
Thus, we rewrite the basic Koide relationship (Irioye generally as:
2
(Jm +ym, +ym) 3 2.9)

m +m,+m, 1+C
In the circumstance where the statistical coeffit{é=1, i.e., where the average mass is exactly
equal to the statistical variance, we ha¥e 3/ 2. So the variance of the square roots of the
three charged lepton masses is just a tiny tolsh(#.99996956) than the average of the
three masses themselves. But the factor of 3/&hwk somewhat mysterious in (1.5), is now
more readily understood when we realize that itesponds witlC=1 in (2.7).

This means that the Koide relationship day given triplet of numbers with mass

dimension ¥2, may be most transparently charactebyehe coefficienC. Thus, using (2.7),
the coefficient for the charged lepton tripletuge(also includdR for comparison):

C(eur)=0.999969563] 1, R(eur)= 1.500022828 3. (2.10)
So what about some other Koide triplets? For thgnmos, PDG in [7] provides upper limits on
the neutrino masses whereby <2eV, m, <0.19MeV andm, <18.2MeV . If we use these
mass limits in a Koide triplet, we find the£1.202960231. But the significance of this is much
more easily seen by using (2.8) to calculate:

C(vv,v,)=1.493848031 3/2 R(vw,v,)=1.20296@ 3116/5. (2.11)

e u'r e u’'r

Here, we have another ratio very close to 3/2nbwt it is in the coefficienC rather than the
coefficientR. So, for the neutrino mass limits(K, ) 0(3/2)(m,). This in an interesting
“coefficient migration” as between the charged andharged leptons, wherein for the charged
leptons masseR [13/ 2 to parts per 100,000, while for the neutrino leptpper mass limits,

C 03/ 2 within about 0.4%. As we shall see, this is ttatof a new Koide pattern.

Turning to quark masses, we usg=  2.22379RM85 and m, = 4.906470338eV
developed in [9.3] and [9.4] of [3] with the consien 1 u=931.494 061(21) MeVY/as well as
m. =1.275+ 0.02&eV , m, =95+ MeV , m =173.5¢ .6 .&eV andm, = 4.1& 0.03eV
from PDG’s [8]. For Koide triplets of a single etac charge type, we can calculate that:
C(uct) =1.546880 3/2; R(uct)= 1.177913486 6. (2.12)

C(dsb)=1.187410 6/5; R(dsb) = 1.3714839I1 15/. (2.13)
So we now see a distinctive pattern of coefficrargration among (2.10) through (2.13).
For the charged leptons in (2.10) which are theslonvembers of a weak isospin doublet,
R(e,ur) [03/2. For neutrinos which are the upper members efdb'ublet,C(vevyv,) 03/2,
which migrates th&/ 2 from theR to theC coefficient. Then, for the up quarks, we find
another coefficient migration such trﬁ(uct) 13/ 2, which is same as th@for the neutrinos.
Both the up quarks and the neutrinos are the upeenbers of weak isospin doublets. Finally,

we see that th&(uct) 06/5 coefficient for the up quarks, now migratesédsb) 06/5 for
down quarks. So the migration &{exr) 03/2 - C(v,v,v,) 03/ 2 for leptons,

el u’r



e/ ur
then R(uct) 06/5 - C(dsb) 06/5 migrating from the up to the down quarks.

The net upshot of this coefficient migration isttihe now have Koide-style close
relations for all four sets of fermions (and amtirhions) of like-electric charg@, namely:

C(vv,v,) 08/2 - C(uct) 03/ 2 providing a “bridge” from “up” leptons to “up” qules, and

R(Q:O):(\/m‘e’+‘/m("’+‘/m(”) né. (2.14)
My T My My 5
R(Q:ﬂ):(\/ﬂ+\/m7+ﬁ) 03, (2.15)
m+m+m 2
R(ing)z(ﬂh/ﬁﬂ/ﬁ) nd. (2.16)
3 m+m+m 5
R(Q:il):(\/EJr\/EJrﬁ) o>, 2.17)
3 m+m+m, 11

Each of these relationships takes twedy@iori independent fermion masses and reduces by 1,
their mutual independence. So with (2.14) thro(igh17), to first approximation, we have now
eight, rather than twelve independent fermion nmeasse

For some other commonly-studied Koide tripletshage:

C(uds) =0.692900 14/ 2; R(uds) = 1.7721053413 ;(y+f ) (2.18)
C(ctb) =1.009390 1; R(ctb) = 1.492994103 3. (2.19)
C(usc) =0.86795; R(usc)= 1.6060423C. (2.20)
C(csh) =1.027830 1, R(csh) = 1.479416978 3/2 (with\/m, . (2.21)
C(dcs) =0.81520; R(dcs) = 1.6527180¢. (2.22)

We note that the relationship (2.18) #8{uds) 01/+/2 is accurate taithin experimental

errors. Specifically, given the empiricah, = 95 MgV , (2.18) can be made into exact
relationship to ten digits (the accuracy of theanp down masses derived in [3]) if we set
m, =98.9530349MeV . Of course, even the relationship for the chatgptbns is a close but
not exact relationship, see the discussion follgwih5), so we ought not expect (2.18) to be
exactIyC(uds) =1/4/2. But, similarly to (1.5), see also (2.10), it magll make sense to regard
this as a relationship accurate to the first ttmefur decimal places, which would improve our
knowledge of the strange quark mass by four ordrekers of magnitude.

But this main point of the foregoing is not abthe specific Koide relationships (though
the set of relationships (2.14) through (2.17)iamgortant steps forward in their own right), but

about how the ratio paramefmwhich for the charged lepton triplet R03/ 2, can be
reformulated forany fermion triplet into the coefficienC in the statistical variance relationship

o(K)=C(m), which, for the charged leptons,@&01. And, as we see in (2.14) through
(2.17), this can lead to additional relationshipduding a cascading migration of coefficients.



Turning back to the neutron and proton tripleiag(K, ) = (\/ﬁ ﬁ ,\/ﬁ) and

diag(KN) = (\/ﬁ ﬂ ,\/ﬁ) which were so central to obtaining accurate bigdinergy
predictions in [1] and [3], we find using the masduesm, = 2.223792408eV and

m, =4.90647033MeV obtained in [3] that:

C(p=duu)=0.0387876019; R(p=duu) = 2.88798210. (2.19)
C(n=udd)=0.0298844997; R(n=udd) = 2.91294800. (2.20)

For these triplets which all havesmall variance in comparison to the earlier tripletsehhtross
generations, the Koide rati@ [13. In the circumstance where the variancexatly zero

because all three quarks have the same mass,domd, for the tripletdd"" =uuu and
A™ =ddd, using the Koide mass relationship for paramet¢ion, we haveC =0; R=3.

3. Lagrangian / Energy Reformulation of the Koide Mass Relationship

The appearance of Koide triplets originating fritva thesis that Baryons are Yang-Mills
magnetic monopoles can be seen, for example, sidenng equation [11.2] of [1] reproduced
below, for the field strength tensor of a Yang-Blthagnetic monopole containing a triplet of
colored quarks in the zero-perturbation limit:

TIE® = _i[t//:z [y”uy“]tf/R . t//f[y”my“ ]we +Ye [y”uy”]lffs J (3.1)
Pr — Mg Pe —Mg Pg —Mg

If we generalize this to any three fermion wavetions ¢,,¢, ¢, such that (3.1) represents the

specific casey, =y, Y, =¢, andy, =y, and, as we did prior to [11.19] of [1], if we

consider the circumstance in which the interactsimswyn in Figure 1 at the start of section 3 in

[1] occur essentially at a point, thep* | - | y*,y” | approaches an ordinary commutator,

each of thep - 0, and the “quoted” denominator becomes an ordidanominator, see [3.9]
through [3.12] of [1] for further background. Ssasettingm =m;, m,=m; andm, =m;,
(3.1) generalizes for a point interaction to a Koglyle field strength tensor:
(el e ol v e wlvy s

m m, m,

Then, we form a pure gauge field Lagrangiap,. = —%Tr(FWF’”) =-4iTr(F[F) as
in [11.7] of [1]. As discussed in section 2 of,[8}e consider both inner and outer products over
the Yang-Mills indexes of, i.e., we consider botfirF? =Tr (F,g [Fy. ) = F (Fgs and
Tr(FOF)=Tr(F [Fyp ) = Fan [Fgs . Note carefully the different index structuresig, [Fy,

versusF,, (F,;, and also contrast this to (1.7) through (1.1Qhis paper, which is where we

are headed at the moment.
We then use this Lagrangian to calculate energiesrding to [11.7] of [1], see also
[1.1] of [3], which is reproduced below:

E =[] Spes®x=4Tr[[[ F, F*d . (3.3)

TIEW = - (3.2)



In the case wherg, =y, , ¢, =, =y, so thatF** = F*"_ represents the proton, then
depending on whether we contact indexes usiggF;, or F,, [F,;, we obtain the inner and
outer products [2.8] and [2.6] of [3], respectiveMheny, =¢,, ¥, =@, =y, SOF" =F*
represents the neutron, we obtain the inner aret ubducts [2.9] and [2.7] of [3], respectively.
Using (1.6), the Koide-type generalization of thwen products [2.6] and [2.7] of [SK(,.\Kgs

index summation) is:
E, =~[[[e.d*>x=4Tr[[[F,, O F*d)x=4Tr[[[ Fup (Fepd*x = 4 [[[ Fp (Fapd = i KK

2m)2

1 Jm o0 o) (ym o o X 2 (3.4)
=Tl o Jm 0 |0] 0 ym 0 ||zt (Jm+m+m)
(27 o o Jm| | o o Jm| &

while the Koide generalization of the inner produ@.8] and [2.9] of [3] K zKz, index
summation) is:
E=~[[[ed°x=4Tr[[[F, Fd°x=4Tr[[[ F\p (Fppd*x = 1 [[[ Fg EFBAd&:ﬁKABKBA

= 1§Tr 0 \/E 0 0 \/ﬁ 0 ||= 1§(ml+m2+m3)
o o Jm)|o o Jm) @

This means that is now becomes possible to exfinedsoide relationship (2.9) entirely in terms
of energie< derived from the general integral (3.3) of a Lagian density® = -4 Tr (F EF)

Nlw
Nlw

over d°x. Specifically, combining (2.9) with (3.4) and%Ballows us to write:
i_m,@Doﬁx _Trf[[F, OF*dx _Tr[[[FOFd™ _[[[FuFed™  K,,K,,

E - [[[ea’x  Tof[[FFrax  Trf[[FAx [[[Fe Fad X K K,

(mefmedm)

m+m+m,  1+C
This expresses the Koide mass relationship in plalforms, in terms of the energy integral of a
Lagrangian density of the general fottn= -1 Tr (F EF) , with the field strength given by (3.2).

(3.6)

This means that fany Koide triplet of given empiricaR, there is an energl, which vanishes
under the condition:

ER:I_[.[(£D—R£)d3x:Tr”I(FDF—RFZ)d3x:0. (3.7)
This is the Lagrangian / energy formulation of Kede relationship (2.9), and although
different in appearance, it is entirely equivale8b, for example, using the symholas in
figure 1 and Table 3 of [6] to represent the thgererations of the fermions for any given
charge, the four Koide relationships (2.14) thro(@®hi7) for the “pole” (low-probe energy)
masses may be written as in #mtirely equivalent, alternative form:

E, = [[[ (£ -2e)d°x=Tr[[[(F OF -£F?)d*00. (3.8)



o = [[[(£, -22)d>x=Tr[[[(F O F -$F?)d*D0. (3.9)
S =[[[ (e, -22)d= Tr”j(FDF £F?)d* 00. (3.10)

E. = [[[ (£ —1553 )d°x=Tr[[[(F OF-2F?)d00. (3.11)

Whether these beconegactly equal to zero for masses at high-probe energmeswaether there
is an underlying action principle involved hereg guestions beyond the scope of this paper
which are worth consideration.

What ties all of this together, is that wedel the radial behavior of each fermion in the
triplet ¢, ¢,, ¢, using the Gaussiamsatz introduced in [9.9] of [1] which is reproduced

below with an added lab&l=1, 2,3 for each of the fermions and masses in (3.2):

2 ‘2 _1 ~ o ’
l//i(r)zui(p)(mi) eX[{ Z(rxlrz)J, (312)

and that we also relate each reduced Compton wavélengto its corresponding masg via

the DeBroglie relatior, =7/ mc, see [1] following [11.18]. This is what makepdssible to

precisely, analytically calculate the energy iregrals of the form (3.3), specifically making use
of the basic Gaussian mathematical relation [9011]]:

Jﬂmg F{ —z)sz?’x:l, (3.13)

and variants thereof. Itis (3.12) and (3.13) &ngé1/m (in 7 =c =1 units) which tie

everything together and the “nuts and bolts” mataal level when (3.2) is employed in (3.3)
through (3.7). And this is what leads to the aataimass relationship (1.1) and binding energy
predictions (1.2) and (1.3), as well as the bindingrgy predictions fdH, *H, *He and’He and
the proton—neutron mass difference (1.4) develop¢8].

The final piece which also ties this together @srand bolts level, is the empirical
normalization for fermion wavefunctions developedi1.30] of [1], namely:

,_ 1 (E+mf _ 1 (E+m)
N =— 2 T o4 2
n, (2mp 24 (2m)
wheren, =24 is the total number of fermions over three gemenatincluding three colors for

each quark.

Now, it is important to emphasize that the Gausarsatz (3.12) is not aheory, but
rather, it is anodeling hypothesis that allows us to perform the necessary integnatand
calculate energies that turn out to correlate vezl} with empirical data. That is, explicitly in
[1] and implicitly in [3], wehypothesized that the fermion wavefunctions can be modeled as

Gaussians with specific Compton wavelengths-1/m defined to match theurrent quark

masses, we performed the integrations in (3.3) vantbund that the energies predicted matched
empirical binding data to — in most cases — pagtswllion. This, in turn, tells us thédr the
purpose of predicting binding energies, it is possible to model theurrent quarks as Gaussians
(which means they act as free fermions), with maasel wavelengths based on their undressed,
current masses, and to thereby obtain empiricallidated resultsBut, as also discussed at the
end of section 11 in [1], this use of a currentrguaass doesot apply when it comes predicting
the short range of the nuclear interaction whichstvewed at the end of section 10 in [1] is

(3.14)
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indeed short range with a standard deviationr@f%x . For, if we use the current quark

masses that work so well for binding energies, we &, ~8565F andi, ~4104F, and the

predicted short range is still not short enoughhdwever, we turn to theonstituent quark
masses which, at the end of section 11, for esomaive took to be 939 MeV/3=313 MeV, then
we havei ~ 63F andgo =L ~A45F, which tells us that the nuclear interaction \atty ceases

at aboutdo =3k ~2F . This is exactly whas observed.

In both cases — for nuclear binding energies anthie nuclear interaction short range —
we found that the Gaussiansatz (3.12) does yield empirically-accurate resultsit #r binding
energies, it was the undresseatrent quark masses which gave us the right results evibil
nuclear short range, it was the fully dressedstituent quarks masses that were needed to
obtain the correct result. Because we shall moangyembark on a prediction of the fully
dressed rest masses 938.272046 MeV and 939.5658V%khe free neutron and free proton,
what we learn from this is that while we might altsoable to approach the neutron and proton
masses using the Gaussansatz for fermion wavefunctions, we will, however, ndede
judicious in the fermions we choose and inntesses that we assign to the fermions. That is,
the focus of our deliberations will be, neliether we can use the Gaussiamsatz, but onhow to
select the fermions and masses that we do use with the Gaussian ansatz.

Now, based on all of the foregoing developmentigesee how to predict the neutron and
proton masses.

4. Predicting the Neutron plus Proton Mass Sum to within about 6 Partsin 10,000

Because we can connect any Koide matrix prodocasliagrangian via (3.4) and (3.5),
let us work directly with the Koide matrix (1.6) determine how to assign the massgs m,,
m, so as to predict the neutron and proton massksn, &t the end (in section 7), we can
backtrack using the development in section 3 tmmeonhthese masses to their associated
Lagrangian. In other words, we will first fit tleenpirical mass data, then we will backtrack to

the underlying Lagrangian.
Each of the neutron and proton contains threekguafhe sum of the current quark

masses i2m, +m, = 12.036733&V for the neutron an@m, +m, = 9.35405514V for the
proton, usingm, = 2.22379248%V andm, = 4.906470338eV earlier introduced after
(2.11). For dree neutron and proton, none of their rest mass &asad as binding energy, and
so these quark mass sums are includeld y= 938.2KEdAGINd M, = 939.5653 eV

respectively, where we use an upperddge denote these fully-dressed, observed massses. A
demonstrated in sections 11 and 12 of [1] and tjimout [3], these rest masses are reduced when
the neutron and proton fuse with other nucleonst f& free protons and neutrons, the entire

rest mass is retained and all of the latent bindimgrgy is used to confine quarks. This means
the “mass coveringgh (using a lowercase) of the neutron and proton may be calculated to be

m, =M, —2m, - m, =928.91791MeV , (4.1)
my, =M —2m, - m, =927.528@57MeV . 4.2)
That is, thesen represent observed, fully-dressed neutron andpnoiassed, less the sum

K sKga =m +m, + m, of the current quark masses, with=m,, m, =m, =m, for the proton,
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andm =m,, m, =m, =m, for the neutron, see (1.9). One may thinkngf andm, as the
weight of rather heavy “clothing” “covering” barearks. Thesum of these two mass covers is:
m, +m, =M, + M, -3m, -3m, =1856.4663MeV . (4.3)
At the end of section 9 of [3], after deriving theutron minus proton mass difference
(1.4), we noted that the individual masses formtéetron and proton could now be obtained by
deriving some independent expression related teutimeof their masses, and then solving these
two simultaneous equations — sum equation andrdriftee equation — for the two target masses —
neutron and proton. We shall do exactly that hémeparticular, it will be our goal to derive the
sum M, + M, of these two masses, and then use (1.4) as ataimealis equation to obtain each
separate mass. The benefit of this approach assugn, referring to the so-called mass
“toolbox” in [3.11] of [3] and also the discussiohthe alpha nuclide following [4.4] of [3], is
that in selecting mass terms to consider, we damredte any candidates that are not absolutely
symmetric undemp -~ n andu « d interchange, because the sy, + M, contains three up
guarks and three down quarks, as well as one meatrd one proton. Our empirical target,
therefore, isM, + M, = 1877.8374RE&V , or, alternativelym, + m, =1856.44663KleV

from (4.3) to which we can then readily a8ah, + 3m,. This is what we seek to predict.

Now let us return to the “clues” we laid out ingBthrough [3.8] of [6]. We start in the
simplest way possible by focusing our consideratinij3.8] of [6], reproduced below, but

multiplied by a factor of 2 and separated itj,fxm and {/v-m, in the second term:

2\Ve Q/m,m, = 2¢v.m, 4v.m, = 2%/v.’m,d, =1803.670518VeV. (4.4)
Here,ve=246.219651 GeV is the Fermi vev. Because thabait 3% smaller tham, + m in
(4.3) and it is closer ton, + m, than either [3.6] or [3.7] of [6], and it is symtnie under

U ~ d interchange, we shall see if (4.4) can be usedsbif, to provide the foundation for
reaching them, + m, =1856.44663KeV mass target. As we shall, it can be so used!

Now, in (3.11) of [3], we developed a “toolkit” aiasses which we used for calculating
the binding and fusion release energies of alllthauclides with very close precision. We shall
wish to add to this toolkit here, and in particulail wish to refine our use of the Fermi vev
VE=246.219651 GeV beyond what is shown in (4.4). cBipally, as noted after [3.8] of [6], we
need to put (4.4) “and like expressions into tightricontext and obtain the right coefficients.
And where do such coefficients come from? The genes of a GUT!”

Now, we shall use the GUT we developed in [6] ttaobthe coefficients needed to bring
(4.4) closer to the target massl@56.44663K1eV in (4.3). Because the vev that seems to bring
us into the correct “ballpark” is the Fermi vev, feeus on the electroweak symmetry breaking
which occurs at the Fermi vev, and which, in [&R]6], is specified by breaking symmetry
using the electric charge generaﬂ)according to:

diag(®, ) = diadT'g ) =ve (02 72 74 7 £1 29 =v. dia. (4.5)
For the proton with a fermion trlpléd,u,u) , the corresponding eigenvalue entries in (4.5)
above arg-1v;,2v,,2v. ). For the neutron and i{s,d,d) triplet, the entries are

(2vp,~1ve,~3v.). We now wish to use these to establish respekibige triplet matrices for
the neutron and proton which can be used to gem#ratsum of their masses.
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Looking at the vacuum triplefs-1v;., 2v; ,2v. ) and (2v,,=1v;,—1v; ), we see that to
match the mass dimension ¥ of the terms Witim, and${/vm, in (4.4) and use these as Koide

triplets, we will need to take the fourth rootsloése vacuum triplets. So we do exactly that, and
pair these triplets with the mass tripl¢ts,,m,,m,) and(m,,m,,m,) for which we also take the

fourth root to match (4.4). Thus, ufeiv.,2v,,2v.) - (i'5(‘/—§)vad A2vem, ,(‘/—ngmJ) and

(2vp,=2ve,—2v.) - ((‘/—ngnL i3y m, ,i'5<‘/—:1;va,) to define two Koide triplets, one for the

neutron and one for the proton, as follows:
Y5vem, 0 0
Ks(N) = 0 i®4/1vm, 0 , (4.6)

0 0 i°4ivem,

i°4ivem, 0 0
Kg(P)= 0 42vem, 0 : 4.7)
0 0 {5vem,
We see that because of the negative charge obte duark, each of these triplets contains
components with the coefficiedt-1=i° :%(1+ i) , Which is a complex number. In recent
years, consideration has been given to hameggtive square root terms in Koide mass relations,
see for example (2.21) in which one usgﬁ to derive a close relation for tI(&b) triplet.

The above, (4.6) and (4.7) take this a step furtherause they raise the specter of triplets with
complex square root coefficients! In the next sectionshall explore the implications of these
complex components, which arise from the opposseaiyned charges of the up and down

quarks. But for the moment, let us ignarein the above so we can look at magnitudes only,
and let us form and calculate the following Koidatrix product withi® excised:

Gwm 0 0 Yfwm o o
K s (P)Kga(N) =Tr 0 \4/%VFITL 0 0 \4/%VFIT11 0

. 4.8
0 0 {5vem, 0 0 Y3vemy “9

=3042v,’mm, =1857.570635 MeV

Comparing to (4.3) which tells us that, + m, =1856.446637 MeV we see that we have
hit the target to within about 0.06%! That is:

K s (P)Kga(N) _ 1857570635 MeV
(me+m.),,..., 1856446637 MeV

This is extremely close, and in particular, we rs®e that to within about 6 parts in 10,000, the
sum of the neutron and proton masses may be ergressnpletely as a function of the up and
down quark masses and the Fermi vev! So if wethiseclose relationship to hypothesize that a

= 1.000605457 ! (4.9)
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meaningful relationship is given k(yn,\, + mP)PredictedD K s (P)K;A(N), then sing the above with

(4.3), we now see that to within about 0.06%:

My + M, =m, +m, +3m, +3m, 03F2v."mm, + 30, + 3n,. (4.10)
We have now discovered the correct coefficientgHe “clue” in (4.4), which yields our

neutron plus proton mass sum to 6 parts in 10,0a0ther qualifying (4.10) as a proper and not

merely coincidental expression for the neutron pitcgon mass sum, we see that this is
symmetric undeu ~ d interchange, and that it is formed by taking tiveerproduct

K & (P)K o (N) of a Koide proton matrixdiagK (P))= ({‘/%vad 42vem, ,(‘/—ngmu) times a

Koide neutron matrixdiag (N ))= ((‘/%anL ,{‘/%vad ,(‘/%vad) and so which product

K i (P)Kga(N) is symmetric undep ~ n interchange. Further, both of these fully emihed t

electric charges and mass magnitudes of the quamkis, So in sum, (4.10) makes sense on
multiple bases: its yields an empirical match tthwma 6 parts in 10,000, it is the product of a
proton matrix with a neutron matrix, the proton matontains the masses and charges of two
up quarks and one down quark while the neutronixmedntains the same of two down quarks
and one up quark, and it is symmetric under hoth d and p - n interchange.

Furthermore, if we divide (4.8) by 2, we see that:

K (P)Kga(N) /2= %ﬁ/éngzrerd =028.7853174eV . (4.11)
This actually falldbetween m, =928.917991MeV and m, =927.528645KeV from (4.1)

and (4.2), and so (4.10) clearly appears to baracioexpression for the leading terms in the
neutron and proton masses. Based on this closizence and “threading the needle” between

the neutron and proton masses with (4.11) and #leoappropriate symmetries noted in the
previous paragraph, we now regard (4.10) aeaningful (rather than coincidental) close

expression foM, + M, to 0.06%.

It will simplify and clarify the calculations frorere to define what we shall refer to as
“vacuum-amplified” up and down quark masses acogrti:

M, =,/3v.m, =604.1751348eV . (4.12)
M, = /3V:m, =634.578446BleV . (4.13)
Consequently:

JM M, = 42v.2mm, =619.1902116eV . (4.14)

This means that the mass sum (4.10) may be rewnttwe transparently as:

My +M, =m, +m, +3m,+3m, O MM, +m,+m), (4.15)
while the Koide mass matrices (4.6) and (4.7) ierheutron and proton become:

i*/M, 0

Kpe(P)=] 0 M,

0o o W

0
0 |, (4.16)

<
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M, 0 0
Ke(N)=| 0 i%/M, 0 | (4.17)
0 ANV
These matrices now restore tite= %(1+ i) factor that we excised to calculate (4.8). Tlass,
in (4.8), but including this complex factor, we ntake:

i/M, 0 0 \Jm, o0 0
Kig(P)Kea(N)=Tr|[ 0 /M, 0 0 i°/M, 0
0 o M, o NNV (4.18)
=3° MM, =-£(1+i)1857.570635 M eV

Having found the right magnitude, we could makeafse+/2 factor and continue to
match the empirical data by Writimﬁ Re( K P Kgs N )) Om, +m, . But this just sidesteps

understanding the meaning of this complex factoriadoes not help us past the 0.06%
difference that still remains between the predieted the empirical data. We need to find a
more fundamental way to understand this completofacThat will be the subject of the
discussion in the next section.

5. Exact Characterization of the Neutron and Proton Massesvia a Mixing Angle § and
Phase Angle
Let us first represent this factor :%(1+ i) in terms of a phase angt® such that:
i®=4(1+i)=exp(id) = cod +i sid ; J=m /. (5.1)
Then, we briefly renam& - K' and use this phase to rewrite (4.18) as:
é’ /M, 0 0 (M, 0 0
Kle(P)Ki(N) =Tr 0 JM, 0 0 €% JyM, 0
0 0o YM, || © o €& ym, ||
=3exp(id) MM, =m +n,

with similar updates in (4.16). Then, we use thisewrite the mass sum (4.15) as:
My +Mp =, + i, +3m, +3m, OF ex(id) MM, +m, +m,), (5.3)

where we have also briefly renambtl - M" andm, , - m; ,, all with &' =77/ 4.

(5.2)

Now, (5.3) gives us the opportunity to define ariide matrixE,; which we shall
refer to as the “electron generation matrix"as such:
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MM, 0 0O
Ex=v3] 0 Jm, 0 | (5.4)
0o o ym

Then, making note the phae&p(id’) which multiplies,/M M, in (5.3) and keeping in mind
how the Kobayashi and Maskawa mixing matrices am@éd for three generations, we
introduce a new anglé@ such thatd =0, and form a unitary matrii, including €° , as such:

exp(id) 0 0
U= 0 cosd, sirg, |. (5.5)
0 -sing, cod,

Of course, withd' =77/ 4 and @ =0, U is diagonal matrixdiagJ = (i'5 1]) So (5.5) multiplied

by (5.4) simply generalizes the appearance ofeha t°,/M M, in (4.18). But now, let us
permit bothd and @ to rotate freelyd — 8, & — 0. Then from (5.4) and (5.5), we may form:

JM M, exp(io) 0 0

|\/IN + MP = EABulBCECA =3Tr 0 rnJ COEHJ_ \/”Lmd S|r91
0 -J/mm, sing,  m, cog,

4'\/Iulvld 0 0 eXp(IO_) 0 0 4\/'\/Iulvld 0 0
=3l 0 Jm O 0 cod,  sil, o Jm 0. (56
0 0 \/ﬂ 0 -sing, co¥, 0 0 \/ﬂ

:3(exp(i5)«/MuMd +m, co®, +m, csé?l)
For the special case whefe— & =0, we precisely reproduce (5.3). Butin (5.6) weéa
removed the approximation sign that was in (5.3), because we are now gointdgtime the
anglesé,d so as tgrecisely match up with thempirical values of the neutron and proton
masses. That is, just as (1.4) iseaact formula for the proton—neutron mass difference, we
shall now regard (5.6) as axact formula for the neutron plus proton mass sum, with
numerical values of,o defined by empirical data so as to make this an exact fit.

Before we proceed, let us recap so we are clear wh&ave just done: What we have
done here is to use the matdiagJ =(i,1,3 implicit in (5.3) as a hint of a matrix

diagu = (exp{d’ ),1)} with &' =7/ 4, then usediagl =(exp{J’ ),1} as a further hint of a
matrix diagl = (exp{J’ ),cof’ ,ca?) with & =0, then allowed both of these angles to freely

rotate yielding (5.5). Then we have used (5.9ptm (5.6) which generalizes (5.3). Now, we
will use these angles to permit the otherwise ctetsionship (5.3) to be fitted exactly by
empirically choosing these angles to yield and ekac

Before we do this, however, there is a final cdsda this hint, which is to recognize that
(5.5) with the angles free to rotate is one ofttiree matrices used to define the Cabibbo
matrices used for electroweak generation mixing,[8€l1] in [6], and in particulars the matrix
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that is use to introduce the phase angle responsible for CP violation. We also note that (5.4) is
strictly a function of the first (electron geneoat) quark masses and the Fermi vev which makes

the upper left componelﬂMuMd containing the “vacuum-enhanced” quark masses

substantially larger than the middle and lower trighmponents/m, and,/m, . This is why

we named this matri¥,; the electron generation matrix. Because Cabibbamhas two

more matrices and also mixes two more generatienas now form two more matricéd and
T analogous to (5.4) for the muon and tauon germrati quarks as follows, but following the
pattern for mixing in the original parameterizatwiniKobayashi and Maskawa, we put the large

componentsM M, and{/M M, in the lower right positions. And, as a mattecofivention,

we keep the up (electric charge = +2/3) seriesadaterms in the middle position. Thus we
define the muon and tauon generation matrices:

Jm 0 0 Jm 0 0
Mg=v3 0 Jm 0 |; Tg=v3 0 ym 0 | (5.7)
0 0 MM, 0 0 MM,

At the same time, analogously to (4.12) and (4.48)define:

M, =,/3vm =14,46MeV , (5.8)
M, =,/5vm, =279MeV , (5.9)
M, =,/5vm =168, 758/eV , (5.10)
M, =./vm, =18,52MeV (5.11)
which yields the higher-generation analogues tb44.
MM, =6356VeV, (5.12)
M.,M, =55,908vieV . (5.13)

These values are calculated from the PDG datai@]dut prior to (2.12). and rounded to the
nearest MeV (recognizing substantial experimentakuainties).

We also define two more matrices analogous to drshe second and third generations
in same manner as is used to form the Cabibbo mixiatrices, again see [7.11] in [6]:

cosd, sir, cosf, sing,
U, | —sing, cod, 0; U,g=|-sing, co¥, O (5.14)
0 0o 1 0 o 1

Then, analogously to (5.6), for the second andlthenerations, respectively, we form:
m, cosd, m sirg, 0
M oUsecM ey =3Tr -/mm sing,  m, cod, 0 |= M + cogm + cc@ms), (5.15)
0 0o WM,
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m, cost, Jmm sirg, 0
T,UsscTen =3Tr| —/mm singd,  m cod, 0 |= #/Mth + cogm + cc@m)- (5.16)
0 0 MM,

Then, we multiply all three of (5.6), (5.15) and1(®) together in the same manner that the
Cabibbo mixing matrices are formed, again see J4rl[B], to obtain a master “mass and
mixing matrix” © with mass dimension +3, defined as:

O=MU, M[EN, [ETWU,T

—MyMmmmcs, s, mymmm ¢3¢

+ /M M mm,c, ¢, & +IMMmmm ¢ 5 €

Jmm Jmm /MM, s s,

(5.17)
=27 -mm{ymm¢gc s mmm c£ £

-M M, /mmms,c, & -MM, /mm mms,s &
JmmJyMM_ Jmmss,  —/mm /M M.m s g MMM MM, ¢

This matrix contains all six of the quark masseali three generations, all three of the
real mixing angles and the one CP violating phaggeathat appears when the three generations
are mixed, and implied in the vacuum-enhanced itesisss, the Fermi vev and the electric
charges of all of these quarks. If all of the neassre set to equal 1, this reduces to the usual
generational mixing matrix in the original paranmetagtion of Kobayashi and Maskawa, seen in,
e.g., see [7.11] in [6]. In the circumstance whgre 0, s, =0, this reduces to:

JM M mm e’ 0 0
0 mmm co§  Jmmm MM, sif |- (5.18)

0 _\/mumd \/McMsmSinel rnd\/McMs\/Mth COﬁL

and in the further circumstance where all of theose and third generation masses are set to 1,
this further reduces to 9 times the matrix show(big):

JM M, €? 0 0

JmmymyMM, sc,

0=27

©=27 0 m, cog, Jmm, sid, |. (5.19)
0 —/m,m, sing, m, cos,

So that comparing with (5.6), in this particulaespal case, (5.17) even contains the neutron plus
proton mass sum:

iTre= :-‘S(JMUMd exp(id) +m, cod, +m, coél) =M, +M,! (5.20)
So this puts this nucleon (baryon) mass sum iroad®r context that includes all of the
generational mixing angles and all of the quarksaasand their electric charges and the Fermi

vev. Certainly, (5.17) can and will be used therefto gain substantial new insights into
fermion and baryon masses. And all of this emengeascade fashion from the simple hint of a

matrix with diagJ = (i'5 ,1,]) in the neutron plus proton mass formula (5.3)hwliei” itself

18



having emerged from the simple fact that up andrdquarks have opposite charges which led

to terms containind/—_l when we formed Koide matrices to represent masses.
With this important contextual digression, we nenive (1.4) and (5.6) asmultaneous
equations, that is, we solve the equation set:

M, +M, :3(./MuMd exp(id) + m, codd +m, co@)
My-M,=m, - (3m,+2fmm, -am) ()}

It now requires no more than elementary algebdetermine that the neutron and proton
masses, separately, are each given by:

My Z%(3(\/Wexp(i5)+ CO&ﬂ(rrL+md))+rrL—( &, + %/”L—md‘ BL) ( ,2)3)
M, :%(S(Wexp(iéﬁ coﬁl(nL+md))—nL+( ;, + m_ BL) ( 72)2)

These can be made irgxact theoretical expressions for the neutron and praotass by solving
for 6,0, to find theirempirical values based on the neutron and proton massé's. dioeso.

Because each of (5.22) contains a complex phasgilvneed to form the square
modulus magnitudévl |2 =M'M of these masses. So first we deduce:

4|MN|2:9MuMd+60085\/MuMd( 3cog (m, +my)+m,~( @+ Jmm, - 18) (/’@2)
+(30086’1(rTL+rTh)+fTL‘(3nd+ g/m,my - 31,) ( 2)3)2

4|Mp|2=9MuMd + 6C0P. ,MuMd ( 3C0§l(fTL+md)‘”L+( B, + m,m, — rﬁ,) (/ 7@3)
+(3008671(HL+%)—%+(3%+ Q/m.my - 31,) { 2)2)2

Now we solve these as simultaneous equationg,fand 0. First we restructure in terms of:

4||\/|N|2—9|\/|uMd—(BCosﬂl(rrL+md)+rrL_( B, + m_ BL) ( 2)3)2

(5.21)

(5.22)

(5.23)

C0SO = 3
ety g o) (]
cosa:4|MP|2_9M“Md‘(3C°ﬂ9l(m+rm)-nm+( &+ gmm, - &) (2))

6/MM, (3009, (m, +m,)-m, +( a0, + gmm, - &) ( 2)°)
We now set these equal to one another to elimidatand solve ford. It will be easier
to see the underlying structure of these equatignsell as solve them if we write the above as:

N -(Bcosd, + A) _ P—(B co®, - A)®

Ccosd = = 5.25
(Bcosg, + A) (B cod, - A) (5:25)
using the following substitution of variables:
N=4M [ -oMM,; P=4M,[ - MM,
(5.26)

AErrL—(3md+2,/mﬂmd—3rL)/(2r)%; B=dm,+m,); C= MM,
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Next, we reduce (5.25) successively in five stepfhows:

1: (N-(Booss, + A)')(B cos, - A) =(P-(B cog-A)')(B cdi+A)

2: N(Bcosg, -~ A)-(B* cod6, - A*)(B cod,+A)=P(B cak+A)-(B* cb8,-A’)(B s A)

N (Bcosf, - A) A= P(B cod, + A)

(Bzcoszel—Az) (Bzcoéel—Az)

N(Bcoss, - A) - A(B? o6, - A?) = P(B co, +A)+A(B* cd#,- A’

5: 0=2AB’cosf, —-(N-P)B co#, +(N+P)A- &

In the final line, we arrive at a quadratic. Weanbh the solution via the quadratic equation.

Then, we use the variables (5.26) including theigogb masses of the neutron and proton, to

calculate that:

N-P- (N -P) -8(A(N+P)- 24
4AB

In the above, we use the negative root, becausegitlds a-1< cos, < .. This means that the

empirically-determined value of g, is:

6=0.32561515 rad 18.6563738677 [/9.64817. (5.29)
Now, we use (5.28) in (5.25) to solve fdr, and calculate to find that:

N —((N —P—\/(N -P)" -8(A*(N + P)—2A4)j/4A+ Ajz
C((N -P-(N-P)*-8(A%(N +P)—2A4)j/4A+ Aj

) P—((N —P—\/(N —P)2—8(A2(N + P)—2A4)j/4A—Aj2

i C((N -P-(N-P) -8(A%(N +P)—2A4)j/4A—Aj -

The numerical calculation reveals thaisd = 1], exactly, so the phase fact@r=0. This means
that when the variables in (5.26) are substitutéal (5.30), the extremely unwieldy-looking
resulting expression will reduce to 1 identicallgb to the extent thal is a CP-violating phase,
and given that) =0 is a deduced result for the neutron and protorsasab.22), this tells us
that there is are no CP-violating effects assodiatigh neutron and proton. This is validated by
the empirical data which shows that the mass oéttigroton is equal to that of the proton, and
the mass of the antineutron is equal to that ohtgron, see, e.g., [9], [10]. So, we take (5.22)
to now beexact formulations of the neutron and proton massetharcircumstance where the
empirically-determined anglé =0.3256151! and the CP-violating phas®=0.

So we now return to (5.22), sét=0, and so obtain our final expressions for the meutr
and proton masses:

M, =3(3(VMM, +cosd,(m, +m)) +m (30, + 3mm, - &) { 2)')
3(3(VMM, + cos(m, +m,))-m, +(an, + gfmm, - ) ( 2)°)

which areexact relations with the empirical substitutigh=0.32561515= 77 /9.648177.

P A (5.27)

N

cos, =

=0.9474641242; sing, = 0.319891¢.(5.28)

CcOSO =

(5.30)

(5.31)
I\/IP
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These relationships, in turn, now enable us tbayk to the masses for the 1s nuclides
predicted to high accuracy and rewrite [7.6], [/[1]3] and [7.5] of [3], respectively, as:

M =M+ M, =, =3 MM, +cosi(m, +m) -, (5.32)
M =M.+ 2M,, —dm,+ 2fmm, /()

- 1(o(/WM, +cosg (m, +m,)) - M, ~( - gmm, - ®)( 2)})
3M =2M, +M,, - 2m, - /mm,

=%(9(W+cosq(nh+md))_ .- 2fmm, +( 3+ gmm - &) 2)3).(5.34)
;MZZMP+ZMN‘6’TL‘GTL+(1OW+ 16n, + 1%) ( 20+ dmm,

=6(\MM, +costy(m, +m,)-m, -m,)+ 2/mm, +( 160, + 16+ 1gmm,) &)

The binding energiesB, =Z M + N[JM - 2M =ZM_ + NM - 2M for any given nuclide

with Z protons andN neutrons anéd=Z+N nucleons thusN - Z = A—-2Z may also be rewritten
generally in relation to their nuclear weights gs{6.31), in the form:

2By + oM :% 3A(YM M, + cosg (m, +m,)) +(A- Z)[mu —[3”]" ’ (;“)T" - mm (5.36)

One final exercise of interest is to return tomess and mixing matri© in (5.17) and
setd, =6, =0 =0 while usingcosg, =0.947454242 found in (5.28). In this circumstance,
(5.17) reduces to:

JM M mm, 0 0

0=27 0 m,m.m cosj

0 :
0 0 m,/M M /M .M, cos,
This is in dimensions of massl|f we take the cubed root, and divide by 2 (lseawe know that
this originated with the neutron plus proton masg) to get mass numbers that should be
related to individual baryons, we find thitiago = (939.7MeV ,116BleV ,173MeV). This
first entry is very close to the neutron mass whiduld not be expectespriori, but this is
because/mmm, =630MeV which is not too far from/M M, =619MeV . Perhaps this is yet

another close relationship among fermion massé& s€cond entry at 1163 MeV, which would
only become smaller whef}, 0, &, # 0, is only about 4% larger than the mass of the

N\, (uds) =1115.8 3eV baryon, which could readily be compensated by zeno-6,,6, angles

as well as measurement errors in the charm anduagk masses. The final entry at 1773 MeV,
is perhaps suggestive of the ss{ =) 1672AKY baryon mass, however, there are no omitted

angles and somewhere we should expect to comesagiaaryon with a third generation quark.
These relationships just noted are simply poiotgidn an exploratory spirit, and it is to
be noted tha® in (5.17) is just one representation of a masing matrix and that one can
also vary the way in which one sets up the Koigaets (5.4) and (5.7), so as to be able to
obtain this® matrix in several different forms. It will als@ linteresting to see if the empirical

(5.33)

(5.35)

(5.37)
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cosé =0.947454242 found in (5.28) turns out to be related to onéhefempirically-known
Cabibbo, Kobayashi and Maskawa angles in somegeptation, which would then relate those
angles to the neutron and proton masses. Whatexeorrect fits may turn out to be with
various higher-generation baryons, it should bardleat the matrix (5.17) and like matrices that
can be similarly constructed is an exceedinglyuldeol for trying to develop and fit mutual
relationships among mixing angles, CP violatinggaisa and quark and baryon masses.

6. Vacuum-Amplified and Constituent Quark M asses

In (4.12) through (4.14) we defined three veryphdlmass values all between 604 MeV
and 635 MeV. ltis natural therefore to inquireetifer these “vacuum-amplified” masses might
be related to the so-called “constituent” quark seasvhich specify how much mass each quark
contributes to total mass of a nucleon or barysm@posed to the bare “current” quark masses.
Specifically, recalling that these were the ingeadis in the neutron plus proton mass), we
note thatM, / 2= 302.0875@MeV andM, /2= 317.289223VieV in (4.12) and (4.13),
which is about 1/3 of the neutron and proton mas3éss suggests that (4.12) to (4.14) may be
related to theonstituent masses of the up and down quarks which specifyrhagh of the
neutron and proton masses arise from each of thkkgjand their interactions with the vacuum.
The question we now ask, referring to the neutrah@oton mass formulas (5.31), is how much
does each up quark contribute, and how much dadsdeEavn quark contribute, to these total
masses? In other words, what are the “constitumasses of the up quarks and down quarks in
each of the neutron and proton, as opposed tolthedr “current” masses?

Referring to the neutron and proton masses (5f8d)he square root term#MuMd and
Jm,m, , we cannot directlgegregate the up quark mass contribution from that of thevido
guark. In these square root terms, the up and doe/coequal mass contributors. So we shall
allocate instead. For the ter®/M M, in the neutron we shall allocatel&/M M,

contribution to the one up quark and a tatg/M M, contribution to the two down quarks.
For the proton, we allocate{/M M, to the one down quark arﬁﬂ/m to the two up
quarks. We similarly allocate thgm,m, terms. But as to the terms which contain alone,

or m, alone, we segregate these and apply them directhe up and down quarks respectively.

Thus, we identically rewrite each of (5.31) asdals, while defining the respective constituent
quark mass sumd + 2D, and 2, +D;:

2./m
JM M, +3m, cosd +m, - Ay, Sm,

) ()

2M,M +3m, cosg - Vb S

3(2r)  (2r)

M, = =U, +2D,, (6.1)

N

[N
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4
2M M, +3m, cog, ~m, + Y ¥ SM
3(2r)  (2r)

3
2

M, = =20, +D,, 6.2)

N

JVLM, +am, cosg + WD, S,

3(2)  (2)
with the up and down quark contributions respetfigpecified in the upper and lower lines of
each of (6.1) and (6.2). That is, the above regmrea deconstruction of the neutron and proton
masses into the separate contributions emanating fip and down quarks. We then separate
out the constituent quark masses and calculate tisemy cosé, = 0.947454242, as follows:

1 2,ymm,  3m,
U, ==| M M, +3m, cosf, +m, -~ + -4 | =314.009298FeV , (6.3)
NS o *+3m, cosd, +m, 320 (2”)2}

1 3 2,/m,m, m,
D, ==| JM,M, +=m,cosf, -~~~ - - | =312.778040MeV (6.4)
T T gy amj

1 3 2ymm, a3,
U, == /MM, +>m,cosf, - m, + "+ - - |=310.027428BleV . (6.5)
P a ¥ 5m, cosg ~m, (2] 2(%)2]
D, =3 /MM +3m, codd, + T 3N |- 318.217190MeV | (6.6)
B U (z) ()

The first expression (6.3) fdJ, is the constituent contribution of the up qurkhe mass of

the neutron. The second expression (6.4) 0, is the constituent contribution efich of the

two down quarks to the mass of thetron. U, in (6.5) is the constituent contribution efch

of the two up quark® the mass of the proton. Finally, D, in (6.6) is the constituent

contribution of the down quark to the mass ofghaton. One can verify thaMm  =U  + 2D,
andM, = 2, + D, , numerically and analytically. It is importantdbserve that #U, and

D, # D,, which is to say that the constituent contributddreach quark to the mass of a nucleon

is not the same for different nucleons, but rather isetelent upon the particular nucleon in
guestion, in this case, a proton or a neutronth8done up quark in neutron makes a slightly
greater contribution to the overall neutron masstbach of the two down quarks, and the lone
down quark in the proton makes a slightly greatentigbution to the proton mass than each of
the two up quarks.

This sort of context-dependent variable behavigretieing upon nuclide is to be
expected based not only on what we uncovered thiautd3], but more generally based on the
fact that when nucleons bind together, they relbasging energy, so that different nuclides
have different weights per nucleon, and indeedediht nucleons within a given nuclide should
be expected to have different weighiam one another based on their shell characterization.
Constituent mass equations (6.3) through (6.6)utethat along these same lines, dtastituent
mass contributions from each quark will differ degieg upon the particular nuclide in question,
and indeed, upon the particular nucleon with wiaajuark is associated within that nuclide.
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The above, (6.3) through (6.6), make the point thigttype of variable mass behavior already
starts to appear of individual quargen as between the free neutron and proton.

We also see that the “vacuum-amplified” quark raag4.12) through (4.14), although
related thereto, amot synonymous with constituent quark masses. Thaseum-amplified
masses are ingredients which are used as par chthulation of the constituent quark masses.
While the constituent quark masses vary from oreéemm and nuclide and nucleon within a
nuclide to the next, the vacuum-amplified quark seasdo not vary. They are mass constants (to
the same degree that current quark masses arents)secognizing mass screening) which do
not change from one nucleon or nuclide to the nexd,vanich are used as ingredients for
calculating the varying constituent quark massesyeasee in (6.3) through (6.6), as well as for
calculating neutron and proton masses (5.31) ankbauweights (5.32) through (5.36).

7. The Lagrangian Formulation of the Neutron plus Proton Mass Sum

Now we revert to the start of section 4, wherenwted that we can connemty Koide
matrix products to a Lagrangian via (3.4) and (3/8pw that we have obtained a theoretical
expression for the neutron and proton massestimesto backtrack using the development in
section 3 to connect these masses to their assddiaggrangian expression, simply to put all of
the foregoing into a more formal physics contexthad it is understood as going beyond simply
playing with mass numbers to make them numeriddalbn equation with opaque origins. We
shall develop such a Lagrangian formulation forrtaron plus proton mass sum (5.6),
recognizing that a Lagrangian connection for thpasste masses of the neutron and proton can
then be developed using Yang-Mills matrix exprassisuch as [4.3], [4.4], [5.3] and [6.20] of
[3] to also develop a Lagrangian formulation of tieaitron minus proton mass difference (1.4).

Using the Pauli spin matriX,, a unitary rotation matrix may of course be writte

exp(iT,0) = WH+iT,@+4(iTH) +4(iTH) +A(iTH) " +...

101 (0 @ 8> 0 0 -6° 6* 0
- + -1 +1 +-1 +.... 7.1
(o 1) (—e oj 2!(0 92] 3!(93 o] ‘”(o HJ (7-1)
_ 1—%92+%94+... 9—51!93+... _ cosd sig
| -(6-46)+.. 1-46°+10'+.) (-sin@ cosd

Consequently, the square root of this rotation mar
costfd sintd
Jexp(iT,0) = ex{1iT,6) = 2 27 1. 7.2
AiT.6) F(Z z ) [—sin%@ co%@] (7.2)
With this in mind we start with the expressiorgancluding the phasexp(id) which

we later found in (5.30) iexp(ié') =1, and write the neutron plus proton mass sum using
square root rotation matrix as:
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My +M, = E,gUscEca = Exg U go/UspEon = E meEps
M M, exp(1id) 0 0 IM M, exfiio) 0 0
=3Tr 0 Jm costg Jm, sing, 0 Jm cosg, m, sibg, (7:3)
0 —\/ﬁsin%el \/E cos @ 0 —\/ﬁ SiB g, \/ﬁ cos6,
:3(exp(i5)\/m+m cod, +m, coél)
in combination with a rotated “electron generatiatrix” E' defined via left multiplication
with U, as:
M M, exp(1id) 0 0
Ee =3 0 Jm cos6  fmy, sirté,
0 ~Jm sin36, \/m cog6, , (7.4)

xp(1id) 0 o \(¥MM, o 0

0 cos g siRg 0 \/ﬁ 0

0  -sintg cos6) o 0 Jm
and an adjoint matrix defined via right-multiplicat with \/U_l as:

YM M, exp(1id) 0 0

e
= JUlAcECB = \/é

En =13 0 Jm, costd, Jm, siré,
0 ~Jmy sintg, fm, cos6 . (7.5)
YMMg 0 0 lexp(id) 0 0
=EpxcUis = 0 \/ﬁ 0 0 cosg, siRg,

0 0o Jm, 0 -sin}g, cosé,
In the abovegcosd, =0.947454242 is the empirical number found in (5.28), a0 is
identically true as found in (5.30). The abo¥#, andE as, are just the Koide triplet matrix
E,s for the electron generation rotated into primedesby multiplying from the left and from
the right via\/U_lACECB and \/U_lACECB.

But we know from (3.4) and (3.5) that as soon adhewve a Koide matrix, we can
backtrack into a Lagrangian formulation. In thése, in (1.6) for a generalized Koide matrix

K, We are settingn =/M /M, , m, =m, andm, =m,, and the only new feature is that we

are then rotating this matrix both from the leftdhe right viaK' = JUK andK =K+/U .
Consequently, we may use (7.4) and (7.5) to whigenbass sunM  + M, in (7.3) in a
Lagrangian formulation, using these rotated Koiddrices, via (3.4) and (3.5) as:
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My +M, ==(27)" [[[ sd* = £(27)° Tef[[& w6 d*x = 3 ( 277)" TH[[[ & so Brppd™x
= 1(271) [[[ &' s pud®x = E noEss
YM M, exp(3id) 0 0 IM M, exifio) 0 o ).(7.6)
=3Tr 0 \/ﬁ cos; 6, \/ﬁ sik g, 0 \/ﬁ cos6, \/ﬁ sihg,
0 —ﬁsin%é} ﬁ cos @ 0 —ﬁsin%é} ﬁcos%ﬁl

:3(exp(i5),/MuMd +m, cod, +m, coél) =M, +M,
by introducing new field strength tensors definedhie manner of (3.2), namely:

Yl 0 W &Y 0w Y e

Trow = | — oLV [P GV W GV S W | 7)
MM, m, m,

— v vu [ ’ —l'IJ'd v, 1 ] ’ ;i_ ﬂ’ | ('j

i BLr 1 By ) o9
JM M, m, m

where the “vacuum-amplified” massé$, and M, as well as the square root ma\ﬁuMd are
defined as in (4.12) to (4.14), and where the Kaoidess matrices are formed f&r" using left-

multiplication (7.4) and fos"" using right-multiplication (7.5). Referring batksections 1
and 3, this means that for the we have nowgetW,, , ¥, =¢,, ¥, =¢, in the field strength

tensor (3.2) and as just noted,= /M M, , m, =m,, m, =m, in the Koide matrix (1.6), then

followed the remaining development of section 3wtite only addition being that we now are
also employing the rotations (7.4) and (7.5) ors¢hi€oide triplet matrices. We also now have
the knowledge which can be exploited for furthéufa development, that (7.3) specifies a
limiting case of the very general mass and mixiragrim © as specified in (5.17), see (5.20). So
we have a hook into a Lagrangian formulation fdreotgenerations of fermion, and therefore,
for formulating other charmed, strange, top anddmotcontaining baryons.

As a consequence of the foregoing, the unrotaedidn eigenstates used to form the

(7.8) are a tripIe(Wud W, ,gl/d) consisting of a wavefunction for a vacuum-enharfeeaiion
WY ., together with the ordinary fermion wavefunctigasy, for the up and down current

quarks. Itis the¥ , wavefunction that is responsible for generatirggstast preponderance of
the constituent mass contributions to the neutron plus proton reaess see section 6, while
Y,.@, are responsible for theirrent mass contributions.

Lastly, as in (3.12) through (3.14), at the nutd holts level, we apply the Gaussian
ansatz (3.12), in the form:

w,(r) =U(n7lu2)_iexp[—l(r _r°)2J. (7.9)

2 xS°

l//d(r)=d(7ﬁd2)_‘3‘exp[ 1(r—r0)2]’ (7.10)

2 1
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E 2

ud

W, (r) =V(7f<ud2)_73‘: exr{—l(r_ro)zj, (7.11)

and for the reduced Compton wavelengths, convettirig=c =1 units, we specify:

K,=hlimc=1/m, (7.12)
K,=hlimc=1/m, (7.13)
Ky=hl MM, c=1/ /MM, . (7.14)

So, referring back to the discussion at the ergkofion 3, as was the case with the short
range of the nuclear interaction, we can indeedhsé&aussiaansatz to model fermion
wavefunctions as Gaussians and obtain the fullgs#r@ neutron and proton masses. But to do
so, in the above we are using the undressed “diimearks ¢, ,¢, which yielded binding

energies in [1] and [3], together in the same Kargedet with a vacuum-amplified quark
wavefunctionW , and associated masses and wavelengths. So bereisonot a question of

whether we can use a Gaussiamsatz, but rather, it is a question which wavefunctions with
which masses and wavelengths we need to use in thei@aassatz, in order to obtain a precise
concurrence with empirical data.

So, insofar as fully covered protons and neutreasancerned, it looks as if the
vacuum-amplified quarks in combination with thaurrent quarks, are behaving as free fermions,
as specified in detail in all of the foregoing. iFhnderscores the role of the Gaussiasatz as
a modeling tool used to derive effective concureewith empirical data, rather than as a part of
the theory per se. The theory is centered on Ibarpeing Yang-Mills magnetic monopoles, and
nucleons which release or retain binding energist on their resonant properties which in
turn depend upon the current quark content of thoséeons. For calculations which involve
the components and emissions of protons and neusuch as their quarks and their binding
energies, theurrent quarks can be modeled as free fermions to obtapirecally-accurate
results. For other calculations which involve bk behavior of protons and neutrons, accurate
results may be obtained by modeling vacuum-enhagaatks together with the current quarks
as free fermions, in the manner outlined above.

The whole point of the discussion in this sectias heen to make clear that the neutron
plus proton mass sum (and thus the individual neuind proton masses) developed in this
paper is not just the result of developing formwldmch fit the empirical data but have unclear,
opaque origins, in the way that the Koide relatibage, until the development here, see sections
2 and 3, also had unclear origins. Rather, as sho7.6) this mass sum can be formulated as

the energyM , + M, = —(277)% H £d®x =%(2n)% Trm'gwé'”“d& arising from integrating a

Lagrangian density = —%5,”6"” over the entirety of a three-space volume elendért This

puts the neutron and proton masses (and by implicata © as specified in (5.17) other baryon
masses as well) into the context of fundamentajrdmgian-based physics, and gives much
more credence to the proposition that these massaifas are not just lucky numeric
coincidences of unexplained origin, but truly agalmphysics relationships.
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8. Conclusion

We have shown how the Koide relationships andaated triplet mass matrices can be
generalized to derive the observed sum of therfeesron and proton rest masses in terms of the
up and down current quark masses and the Fernmtovax parts in 10,000, which sum can then
be solved for the separate neutron and proton rmasséeg the neutron minus proton mass
difference earlier derived in [3]. The oppositaudes of the up and down quarks are responsible
for the appearance of a complex phase éxpfid real rotation angle which leads on an
independent basis to mass and mixing matricesairnalthat of Cabibbo, Kobayashi and
Maskawa and which can be used to specify the neainmd proton mass relationships to
unlimited accuracy. The Koide generalizations ttgyed here enable these neutron and proton
mass relationships to be given a Lagrangian fortimmdased on neutron and proton field
strength tensors that contain vacuum-amplified@mdent quark wavefunctions and masses. In
the course of development, we also uncover newd&mthtionships for the neutrinos, the up
quarks, and the down quarks.
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