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Through the Helmholtzian factorization of the Helmholtz/Klein-Gordon equation the mass is a sum of
squares of a 4-tuple of the four-vector-doublet. The Dirac equation factoring shows that the electron
satisfies via a mass-singlet. Thus, in combination, the heavy leptons and quarks are separated as:
(0,0,0,mo) heavy leptons satisfying the Dirac factoring, and (mi,m,,ms,0) quarks satisfying the
Helmholtzian factoring, as pythagorean quadruples.

Through the pythagorean quadruple primitives (2,5,14,15) = (+— +— +— 3> ( ,_3 ,x 3 5)

charge and color are manifested, plus the mass magnitude Im|* is always the sum -of-squares of the mass-constituents via
Klein-Gordon equation. Plus, by establishing the fermion architecturethe weak

interaction is manifested (including the masses of the W* and Z° , via the fundamental dimensionless
physical constant & ).

And continuing the Helmholtzian factorization/Dirac equation factoring analysis, extended through the Helmholtzian
factorization to all particle types and interactions (quarks, neutrinos, weaks, heavy leptons).

In general, the Helmholtzian factorization yields the Helmholtz partial differential equation in four-vectors [3].
(O +1ml*) = DD
In [4] | showed that the heavy leptons and quarks are separated as:
m = (mi,my,m3,mgy) = (mi,mz,m3,0) + (0,0,0,mp) = my +my
my = (my,m2,m3,0) , my = (0,0,0,mo)
such that:
(O + Imy1*) satisfies the Dirac factoring, and:

(D + Imqlz) satisfies the Helmholtzian factorization, as a pythagorean quadruple [5][6], yielding the
(d+Im,1?) satisfies the Helmholizian factorization, with color characteristics
along with Dirac characteristics; but more, as a pythagorean quintuple.
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Dirac facoring uses the 2x2 Pauli matrices: o! = ( Lo > , o= < ' 0’ > , o= ( 0 i >
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along with the 2x2 identity matrix: ¢° = 01 ) I,

to factor the Klein-Gordon equation.
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Whenever y, = ( g ) is a 2M-dimensional vector, via a matrix differential operator factorization, it may be written (in the
D

Dirac representation):

o - 1o |
[,V + (1012 —yym) ]y, =0 or: |:yl.-V+yO%12< . 1>m v, =0

where:
0 —i 0 —i 0 —i 1 0
= ¢! = o2 =o’ =1

~
< |or: (depends on the representation)

(01 {01 [0 o
=0 =0 =0 =
" 10 T2 10 & 10 o= o 4
.

1— +m —io‘? < ¢A >
D
. i B
ic V I, (z pr +m> o)

z— +m ¢A - 10'°V¢D

— /ﬁ/ﬁ\/ﬁ

zo°V¢A 24 m>¢D
12 z— +m iceV c

—lG‘V I (—ZE + m) D
I L . i C_; o_) D
2 1 ;tm ¢D+10'V( oD) I, o tm ¢, — iV,
—10'°V¢D (=i +m)-op) ~iooV + Lo(—i-Z +m )9



[ ieWel + L(i2 +m)e [ oVt - L(i2 +m)e

\
& (<L +m) 95 - ioV )\ L (=2 +m)oh - ioVe§
A

(1 (<i-2+ m)op - io"VaS [ L(-id+m) eV ( o >

ot
\ ioﬁd)g -1, (z% + m)d)g / \ iceV -1, (z% + m) o5

these are the same in different components, which become the single equation above
(given the appropriate y, representations)
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The Helmholtzian operator factorization is:
J = DpDuf = (O - Iml*))f

where:
Dy Dy -DY -Di D} -DY D5 -D
Dy = -DS* Do DY -Ds & Dy = ps D' -DP -D,
by =Div Do —Ds -Dy DT D -Ds
Dy D} -Di D -} -p} -D} Do

and:

D?E(a,‘-i-m,‘) y D,-‘E(é‘,-—m,-)

Df 0 1 D; 0 0 Dy o0 0 Df
Di = H Di = H D::} = s Di =
0 Dy 0 Df Df 0 D; 0

is, as in the case of the Dirac factoring, commutative.

So, in the case of the heavy leptons, is:
(O +1mol?) = DDy
where:
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(Lo +63my) (6105 —6°m3) —(610s —6m>) —(Id1 +6%m1) \

—(0153 —O'*I’l’l3) (Izao+03n’lo) (0'161 —0'3m1) —(Izaz+03m2)

(0‘162 - 037}12) —(0‘161 - 0'3m1) (Izao + G3m()) —(1263 + 63m3)
\ ~(I01 —o’m1) —(1202 —0’mz) —(1203 —o’m3) (1.0 — 6my) /

N

[ (Lo -o*my) —(6'0s—c°ms) (610s—ms) —(1d1 +6m1) \
(6'05 —0’m3) (X200 —6°mg) —(6'01 —o6°m;) —(120, + 6°m»)
—(6'02 —6’my) (6'01 —06°my) (X200 —6°mg) —(1.03 +o°m3)
\ (101 —o’m1) —(1202 —0’mz) —(1203 —o’m3) (12do + 0my) /

So, in the case: DDAf = (O + Impl*)f = 0
= DAf =F
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[ Lo+ my) (6105 —°ms) —(610s —6¥ms) —(Id1 +6m1) \
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—(6'0, —6%my) (6'01—0’my)  (T20o —0°mo) —(1,33 + 63m3)

\ —(Izal — 63m1) —(1262 — 0‘3I712) —(1263 — 63m3) (1260 + 0‘3I71()) /
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—(6'03 —0’m3) (1,60 +0°my) (6'01—0’mi) (1202 +06°m>) F?
(610, —6%ms) —(6'01 —o*m1)  (Ido+0%mo) (1203 + 3ms) 3
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(6163 — 63m3) (Izao — G3m()) —(0‘161 — 0'3m1) —(1262 + 0‘3I712) f2
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(1,0 + 63 mo)F' + (6'03 — 6°m3)F? — (6'0, — 6°my)F? — (1,01 + 6°m; ) F°
—(6'03 —6*m3)F' + (1,00 + 6°mo)F? + (6'01 — 6°m ) F? — (1,02 + 6°m2) F°
(6'02 —6°my)F' — (6'01 — 6’m1)F? + (1,00 + 6°mo)F? — (1,03 + 6°m3)F°
—(1,8) - &*m)F! = (1203 — 6°m>)F2 — (103 — 63m3)F? + (1,80 — 6°mo) F°

=0

(1,00 — 63mo)f! — (6'03 — 63m3)f?> + (6'02 — 3my)fP — (1,01 + 6°my )f° F!
(6'05 — 6m3)f' + (1200 — 6°mo)f? — (6'01 — *m))fP — (1,02 + 6°ma)f° | F?
~(6'0, — &Pma)f! + (6101 — &Pm)f2 + (1,dy — &3mo)f* — (103 + &> m3)f® | | F3
~(1201 — 6°my)f' — (1,02 — 63m2)f> — (1203 — 6°m3)f> + (1,00 + 63mo)f° FO

—(6'02 —6°m2) (6'01—6°mi) (I.0o —6°mp) —(1203 + 6°m3) f
—(1261 — 0'3m1) —(1262 — 63m2) —(1263 — 0‘3I713) (Izao + G3m()) fo




For quarks: mo =0 :
/

L (00F' — 01F%) — 6'(02F3? — 03F?) + &*[(moF"' — m F°) + (maF? — m3F?)]
1(00F? — 02F%) — 6 (03F' — 01F?) + 63[(moF? — myF°®) + (m3F' —m F?)]
1, (00F3 — 05F°) — 6'(01F% — 02F") + &*[(moF? — m3F°) + (m F?> — maF")]
~1,(01F' + 02,F? + 03F3 — 0oF°) + 6> (m F' + myF? + m3F>? — moF°)

DgF = =0

(1)

L(0of' = 01f°) + 6'(0af = 03f*) — & [(mof' + muf®) + (maf® — maf*)] F!

b | PO =0) 46 @ = ) = S Llmaf 4 maf) + (maf =] || P
T L@ - 030 + 61 (12 — 0of') — P [(mfS + maf0) + (miff —maf)] | | F?

~L(01f! + 0sf* + 03f° — 0of°) + &> (m1f! + maf? + maf’ + mof°) FO

This is the general case, also the equations for the neutrinos.

Note:
least of the mass constituents isn’t quite right, plus since charge is defined by m, for heavy

leptons, the correct mathematical definition for charge is:
charge = mg + nearestO(my,m,,ms)
where:

min(ml,mZ’---’mn) ’ ifmin(ml,le,---,mn) 2 0
nearestO(mi,mo, ..., m,) = .
max(mi,mo, ...,my) , if max(mi,ma,...,my) <0

thus, for quarks: charge = nearestO(my,m,,ms)
for heavy leptons: charge = my
for light leptons: mo = —nearestO(m,m»,ms)
= charge =0

and, so, for neutrinos: 31 > Im,|*> = [(i%)z + (i%)z + (i%)z + (i%)z]lz
_ [2(1)2+ (%)2+(7)2}(%)2
—[@*+ 61+ 4+ (12](2)
~[(5)*+ 1](%)2 = [225 + 1](%)2
() (1)

Note also that neutrino and meson oscillation (B-:Bbar, Kaon, etc.) is manifested via their
(mi,m2,m3) triplets. A similar baryon oscillation may be observed, as well.

Iz(aoFl - 61F°) - 01(62F3 - 63F2) + 63[—m1F0 + (m2F3 - m3F2)]
DF - L (00F? — 0,F%) — 6" (03F" — 01F3) + &3 [-maF° + (m3F' —m F?)] o
’ L(BoF? — 03F%) — 61 (01F2 — 02 F") + 63[-maFO + (m F? — maF")]

—Iz(alFl + 62F2 + 83F3 — aoFO) + 03(m1F1 + I’l’le2 + I’I’l3F3)

2
L(0of' = 01/°) +6' (02f — 03f*) — &> [mf* + (maf® — maf*)] F! .
Daf — L(0of* = 02f°) + &' (03f' = 01f°) = & [maf® + (maf' —mif*)] _ F?
L(0of® — 03/°) + 6" (01f* — 0af') — &> [maf + (muf* — maf')] F
L (01f! + 0af*> + 03f° — 0of°) + &> (mf! + mof? + myf®) FO
.
Note

L(0o(F +f) = 0;(F° +/°)) =o' (Vx (F+1)), +
+ 63 [ —m;(FO +f°) + (m x (F - 1)), ]

-1, (iaj(Ff +f) = 00(F° +f°)> +0° (imj(Ff +f7)>
j=1 j=1

DBF +DAf =

And: m = (my,ma,m3) — (-my,—ma,—m3) = —-m ; <m,~ — —m,-) :
LOo(F +f) = 0;(F* +/°)) ="' (Vx (F+1)), +
+ 63 [ m;(FO = f%) + (m x (F +1)), |

-1, (iaj(Ff +f) = 00(F° +f°)> +0° (imj(Ff —ﬁ))
j=1 j=1

( these equations underpin the quark mass-color strong force between mesons & baryons )
As you can see, the quark field components add/subtract component-wise by mass-color
constituents per meson/baryon type.
So, we have gone from a vague symmetry group description, to a concrete description of field
equations and architecture of the quarks, mesons, baryons and strong force:

(which determine the symmetry groups rather than the other way around)

Rt DBF +DAf =

me = m, my = Skm, m; = [(ﬁ)(Sk)z}zme
my, = Sm, | m, = 60km, my = (%) d - (5k)m,
my = 10m, | mg = (%) - (5k)m, | my = 10[(103W>(6k)2}2m8




my, = [(+%,+%,+%)2}me me = [(+%,+%,+l>2}12kme mp = [(+%,+5 +3 )2]

nd = (—%,—%,—%)4% s = (_%’__ __Xs ) e | m; = (__’_%’_3 >[< 1004 >(6k) }

Note: (+— +— + L )2 (+— +i,+% - (2,5,14)% 221524142 = 152

are pythagorean quadruples.

Thus, the pythagorean quadruple primitive multiple mass-constituents=color,
and mass-constituents sum-of-squares=mass-magnitude Im|* ; and minimum
mass-constituent=charge.

(Note, also, that since heavy leptons have a single mass constituent, the mass
magnitude is a multiple of 1 )

| brought you:
mv _1me _ 1 Mp _ 1004 1450 [mq
k= ( >_6md_5m_ \/ md \/sze
— - ms __me _ My mg _ M _
o (22— 2 23\ . (5k 10 - (6k) Sk 10 5 ¢
10 [(1004)“") } 5- (42 ) [(1450>(5k) ] (3) 60
Is this true?
my (257 _ 97.205699127171364309497389896187 L _
my (23 ) 2.5549946390235103880721950029485 ) 41.353655699595529713433202094743
1 me _ 1 1267.9004233978873605586616073416 _
6 Ma 6 5.109989278047020776144390005897 41.353655699595529713433202004744
1 my 1 105.65836861649061337988846727846 _
5 Me 5 0.5109989278047020776144390005897 = 41.353655609595529713433202094742
mp |25 _ [4190.9426907545271186849743851983 [25 _
‘/ my y 23 ‘/ 2.5549946390235103880721950029485 y 23 41.353655699595529713433202094743
1 /1004 [m; _ 1 |1004 [172924.17191486611744398343538627 _
6 3 mq 6‘/ 3 5.109989278047020776144390005897 41.353655609595529713433202094743
1 /1450 [m: _ 1 |1450 [1776.9680674108457768918379570944 _
5 2 me 5 ‘/ \/ 0.5109989278047020776144390005897 41.353655699595529713433202094743
So, is it true, or not?
(use less significant figures if you wish but the results are still: k ~ 41.353)
15 15
k=dmit g 4000,(0 ‘4”+8 2000 (31 )
= 41.353655699595529713433202094743
So, clearly k afundamental dimensionless phyS|caI constant
/
Me = Me my = Skm, my ( ) k*m.
= < | my =5m, |m.=6kmy | m, 251 ) k*mg | >
_ _ 23 _ 23 »
mg = 10m, | my; = 55 km, | my 55 k*m
\\§ J
0
4 2 N
Mme = Me my = Skme me = <l> k4me Me = M, m, = Sme myg = 10me
_ _ - 123
= < |my =5m, | me=12km, m; = (251 ) k*m, > = u = Skm, me = 12km, ms = 2 95 kmyg
_ (LY 4 _ 1 (232
ma = 10m. | mg = 3 23kma | my = 3 |33 km me = (g ) Kime m"2(251> Kmy | my = 7555 Kma
. J

Now, the Weak Force/Interaction has been theorized as a half-generalized electroweak phenomenology in conjunction with the
Higgs Lagrangian to predict boson particles of certain masses.
As the Higgs is unnecessary for establishing the fermion architecture, nor their charges, color, nor masses (via the fundamental
dimensionless physical constant k& , as above) ; neither the electroweak nor the Higgs theory are necessary for the weak
interaction:

g+qg<—2° , qe{dstucb)

(g edn] - Wl (bt o3 ]

(where allowed by energy conservation)
where:
mwl = 43m. = 4% x 12km,, = 4> x 60km. = 81,145.62709746479107575434286986

_ 1 (33, = L3V _ 42 _ 1 2
Izl = 2(2) A3m, = 2(2) 43 5 12km, = 47 x S4kam, = L x (12)* x 60km,
= 3(12)%m, = 91,288, 830484647889960223635728593

So:
mw( 1 ) _ 81130 ( 1 ) _ 41.3457
M \ 43 % 12 2.5549946390235103880721950029485 \ 43 x 12 '
my ( 1 ) _ 91890 ( 1 ) — 41.6259
M \ 42 x 54 2.5549946390235103880721950029485 \ 42 x 54 ‘

(apparently the actual mass of the Z° is much closer to the lower measure than the higher)

my (1 91300 LY
( TERvEY ) B TR AT T ( TERvEY ) _ 41.358715467474582378365794645146




Note:

my = (my,my,msz,mp) = (+— +%,+— 0)/1 = +%,+g %,0)21
= ‘/<§> +<E> +<—> x 2\ = i2/”t= Imyl = Sim,| = A =Ilm.| = m, = (

2 .5 .14
+2, 4344 0)im.
mg = (my,my,ms,my) = _1 _5

S 1 o)z, - (—— S 1 O)?t "

- %/l: gl = A = Imdl B 2Imu _ 10lm,| 2()| el B

B @ TG
mg, = (my,ma,m3,mp) = (+— +i +— 0)/1 = (+— +g, l 0)21
= 2), =54 =Img| = A = % Imqul = my, = (+§,+%,+— O) élmqul = (+; +2, +— O) g, |

my, = (ml,mz,m3,mo) = (——,—i - O)A = (——,—i —= O)?t P

=

2’l =lmg,| = A = %Iqul = my, = <—§,

(The fourth element of a pythagorean quadruple is, of course, the square root of the sum of the squares of
first three elements. However, the fourth element of a quark primitive is 0

; this square root of the sum of the
squares of first three elements becomes the divisor of the quark mass as the primitive multiplier 1 )
And:

My = (ml,mz,ms,mo)—( 3, +2

> +1,0)2+(0,0,0+2)2
:lmWilz‘/[(ig;t) +(J_ri;t) +(J_rl;t) }+(J_r%;t>2
G E ) G -GG

‘/(5 3)2+(2- 2) .

15247 , _ J225+16 , _ J241
62 62 B 6 B
— e | = 43 x 60km, = A = 43 x 6x60 4.,
W 24l

= mys = (myma,ms,mo) = (i%,i%,i%,i%)(43>(—L26401 )kme
mz = (my,my,ms,mg) = (+%,+%,+% )/l (0 0,0,— 3 )/1

== (63 63 63T G
G A DR COIR COM D)
:‘/(5-3)2+(1-2)le ez

6 6
= Imyl = %(12)3/% = A=

30 3
—2(12)’km,
J229 (12)

= myz = (+% +— +—,——>( )(12) km,

Because neutrinos have and interact color-wise and have zero charge, they have architecture like
7Y particles:

Note:

= my = (mi,ma,mz,mp) = (+% +%,+— 0)/1 + (0 0,0,— 3 )/l

= Imy| = ‘/[(ilxvy + (iiAQ + (il),v> ] + (i§),v>
R RGOS CORICEO)

:‘/(5-3) +(1-2) Lo A229

6 v 6 v
= A, = —“229/1‘, =m= A, = levl
6 J229

= my = (+% +— +—,——>( )Imv

For heavy leptons (including electrons): m; = my = m3 =0
4
[ 1o(0uf' = 01f°) — 6 (<032 + 02f°) + &3mof!
L (0of* — 02f°) — ' (03f' — 01f°) + & mqf*
L(8of2 — 03f°) — 6! (=02f! + 01f2) + 63 mqf°
\_ L0 + 05 + 03/ — 0¢f°) — o mf”
[ Loy - 012) + 0 (-0 + 0of3) - & mef]
Lo -0:ff) +o' (o) -0fy) —o'maff | 0
L (0} - 0:f0) + o' (-0afl + 013) — &’ maf
\ b (01f} + 0af} + 0f} + Ouf)) + & mf}
(g

(3)




L(@of' - 01f°) — 6! (=03f* + 02f*) + &> myf!

L(8of* = 02f°) = 6! (03f' = O1f°) + &’ mf?

L(0of* — 83f°) — 6! (=0af' + 01f%) + &> mof°

~L(01f' + 02f* + 03 — 8of°) — & mgf°

L(0uf} - 01f0) + 6! (-03f3 + 021} ) — &’ maf]}

L (02 - 0:f0) + ' (83f} — 013) — &*mf}

L(00f} - 03f)) + o' (<0af} + 013 ) — &*mof
12 (2uf} + 0uff + 0uff + 0f}) + 0}

N

( Note: m0<—>—m0<:>Ff<—>f% & ¢! < —c!)

(in other words, the equation sets are matter/anti-matter images )
Thus, this set of equations may be reduced to a single equation:

L2 (Oofon, = 0if,, ) = (5m0)6" (V % fi, ), + 63 [(Smo)lmolIfen, = 0
+, > () . omo >0
where: s, = { o= & fou, = {ﬂ °

—mo <0 fﬁ,mo <0

(" -

~A3B? +A’B3, j =1
(AxB), =< -AB'+A'B3, j=2

—A’B' +A'B?, j=3
and: < > , (or equivalent notation)
—63V2+52V3 =1

(VXV)/‘: < a3V1—61V3 =2
L —62‘/1 +51V2 =3

[ (0o = 01f°) - 6 (<032 + 05f°) + &3 mqf!
L(0of* — 02f°) — 6! (03f' = 01°) + 6 mqf?
L3 = 03/°) — 6 (<03f' + 01f2) + &*mf’
\_ L0 + 022 + 04f° ~ 0uf*) — &P’

[ Lot - o) +6' (=013 + 0} — o¥maf
L (0} - 0:f3) + ' (03f) - 01f3) — &’ maf}
L (0o} - 0xf}) + o' (<0af) + 01f3) — &*maf;
\ b (01f} + 0af} + 0af} + Ouf)) + &>maf}

N

( Note: m0<—>—m0c>ﬁ<—>f6 & o' < —¢')
( in other words, the equation sets are matter/anti-matter images )
Thus, this set of equations may be reduced to a single equation:

12 <6Qﬂ‘m0 - ajf?m()> - (smO )0.1 <V Xf5n10>j + 03[(Sm0)|m0|:l]0;m() = 0
+.mo >0 : .my >0
where: s, = { "o & fin, = {ﬁ ’

—63‘/2 + 62V3 =1
and: (VxV), = o3Vl —0,V3 =2 , (or equivalent notation)

-0,V + G%Vz =3
Also:
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DgF =

Dy O | D; O ) Dy O 3 Dy O 0
\<OD{>F<OD§>F<OD§>F+<OD5>F/
/ Dy O 0 D3 0 D3 D7 0 \
<opg>f<D;o>f2+<Dgo><0Dl>fo
0 D3 . Dy O B 0 Dj g Dy 0
o - (o
Duf = =F
B 0 D; I 0 D7 N Dy O . D% 0 K
D5 0 Di 0 0 D 0 D;
D7 0 , [ D2 0 [ D3 0 5 Dy 0
\(OD{)f <opg>ﬁ<om>f+<opo>fo/
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Duf =

—(61 + ml)fl — (62 + mz)ﬂ — (63 + m3)f§ + (60 — mo)f(_)

The clear and obvious differences between the Dirac factoring and Helmholtzian factorization are:
1) The Dirac factoring may contain complex numbers in the terms, while the Helmholtzian factorization
terms are real numbers (although Pauli matrices contain imaginaries if used (as above))

fl
fZ

2) The Helmholtzian refers directly to the P space 4-vector components

f
£

3) The Helmholtzian refers to the ( > matter/anti-matter nature directly

4) The Helmholtzian refers to matter/anti-matter simply by change of sign of my

5) In the Helmholtzian, matter/anti-matter magnetic 3-space-components are changed
left-handed/right-handed (ie.: magnetic moment reversal)
(as the use of the Pauli matrices representation points out)

6) The Helmholtzian includes an equation of continuity.

Thus, as expressed above, through the breakthroughs; especially the Helmholtzian factorization, pythagorean quadruple
primitives and the fundamental dimensionless physical constant k ; a concrete design is established through which practical

engineering constructions may be produced.

Through mathematics we are able to see deeper than measurements alone can, due to Heisenberg uncertainty principle

constraints.
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