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The Helmholtzian operator factorization is:
J = DgDsf = (A - Im*))f

where:
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Dg = ; (; ! 2 & Dy = 3 0 ! 2
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and:
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Further:
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and:

Db DY DT D[ p ~Dif' + DEf* = D5f> =~ Df°
5_| -DF -Di DP -D» £ —DS*f' = Dif* + DTS — Dof”
B = =
Dy -D> -D) —D; r DFf' — DS — Dif* - Daf°
-p! -p} -p! D, f —Df! — DY — DI + Dof°
1 1
E'-B)
E2 _ BZ
= ! - E-B,
E3 - B
~Dif' — D32 — D + Dof

Concerning the fundamental particles:

As shown in [2], a fundamental object is a vector components of which are mass-generalzed electromagnetic field components,
classified as follows:

e(i) =@ = (E',E*EY), , v(i) = Bi = (B",B%,B%),

wi(@) = ¢ji = N1 (E"),nj2(E?),mj53(E?)), » di(i) = Wi = (nj-1(B),nj2(B"),m;-3(B1)),
where: :
R, j#0 nj-1(Ry)
R =< El , j=0, R=B , 0j(R)=| na(R})
Bl , j=0, R=E nj-3(R})
( i denoting generation, j denoting color)
where:

E = ((-0if' - D1f° ). (-Dif* - Daf° ). (=Dif* ~ Dif°). %)
B = ((Dof’ = Daf*),(=D1f’ + Daf'),(D1f* = Daf'), %)
E; = (-0 - D), (-0 - D), (D5 ' = D51 ) %)
By = (DT = D), (-DTf* + DSf'), (DTf* = DT f'). %)
(where x denotes a guage component)

D! o0 o0

—D, 1! 0 -D§ Dy O 11
0 -D} 0 -D, Vi Dy 0 -DY £
= E = 5 . Bﬁ = - - 5
0 0 -D) -Ds f -D3  Dj 0 0 f
g g g
-p! -p} -p! D, f -Di -D; -D3 Do f

sO0: E = D & Bﬁ = Duf

So, in particular (written horizontally as vectors for brevity):
e = e(l) = (EI’E25E3)1 /J_ = 6(2) = (EI,EZ’E3)2 = 6(3) = (EI’EZ,E3)3
Ve =v(1) = (35,32,33)1 L =v(2) = (35,32,33)2 ve = v(3) = (35,32,33)3

ug = uy(1) = (BIII,EZ,E3>1

cr=u(2) = (BIII,EZ,E3>2

tr = ui(3) = (13111,152,E3)3

ug = us(1) = (El,Bz,E3>l

cG = ux(2) =

(El,Bz,E3>2

t¢ = ur(3) = (El,Bz,E3>3

us = us(1) = (E'.E, Bg)

cs = us(2) = (E'.E, Bg)

t5 = uz(3) = (EI,EZ,Bg)3

dg = di(1) = (El B3, 33)

sg = di(2) = (El B2, 33)

br = di(3) = (E',B%,BY),

dg = da(1) = <Bﬂ,E2,BI3]>

SG = d2(2)

-G,

bg = d2(3) = (El B, 33)

ds = ds(1) = (B, B3, E*)

sz = d3(2) = (BB, E*)

bs = d3(3) = (B}, B}.E?),

Denoting quark types (u,d) , colors (1,0,
(The associated anti-fermion has negaive charge & color of it's counterpart.)

—-1) & flavours (1,2,3) .

This may be simplified into a purely mathematical data structure
(especially since Left & Right neutrinos have different characteristics):




vep = v(1) = f(0,+1,-1,-1)

vir = v(2) =f( 0,+1,-1, 0)

vee = v(3) =f( 0,+41,-1,+1)

em =e(1) =£(0,-1, 0,-1)

p=e) =£0,-1, 0, 0)

v =e(3) =f(0,-1, 0,+1)

ve, = v(1) =f(0,+1,+1,-1)

v, =v(2) =f( 0,+1,+41, 0)

ve, = v(3) =f(0,+1,+1,+1)

ug = ui (1) = f(+1,-1,-1,-1)

cr = u1(2) = f(+1,-1,-1, 0)

tr = u1(3) If(+1,—1,—1,+1)

ug = uo(1) = f(+1,-1, 0,-1)

ce = uo(2) = f(+1,-1, 0, 0)

t¢ = uo(3) = f(+1,-1, 0,+1)

up = u_1(1) = f(+1,-1,+1,-1)

e = u-1(2) = f(+1,-1,+1, 0)

tp = u1(3) = f(+1,-1, 1,+1)

dp =di(1) = f(+1,+1,-1,-1)

sg =d1(2) =f(+1,+1,-1, 0)

br =di(3) = f(+1,+1,-1,+1)

de = do(1) = f(+1,+1, 0,-1)

s¢ = do(2) =f(+1,+1,0, 0)

be = do(3) = f(+1,+1, 0,+1)

dp =d_1(1) = f(+1,+1,+1,-1)

sp = d-1(2) = f(+1,+1,+1, 0)

bg =d_i(3) = f(+1,+1,+1,+1)

For: f(x1,x2,x3,x4) :

0 : lepton -1: up
X1 = X2 =
1 : quark 1 : down
-1: R -1
x3 = color = 0: G X4 = generation = 0:
1: B

Now, if a function ¢() is defined simply by:
c((R',R*,R%),) = c(R}) + c(R}) + c(R}),
c(R},) = —c(Rj),
c(E}) = x,
c(B}) = y,.
then the objects are:
c(e(@)) = =3x,c(v(i)) = 3y,c(u;(i)) = 2x +y,c(d;(i)) = —(x+2y)
Calibrating this with: —1 = ¢(e(1)) = -3x,0 = ¢(v(1)) =3y = x = +,y =0
Operating this linear function on the objects, yields:
ce(@)) = -1,e(v(@)) =0
c(u(i)) = 3.c(di(i) = —%
(E"z+1 & Bl 30)
These correspond to the charge characteristics of all the fermions.

Hadrons are combinations of the fermions.
The possible combinations of fermions are:
- a quark-anti-quark pair of the same color index called mesons, and
- a quark triplet made up of one-and-only-one of each of the color indices.

The reason why only these combinations are allowed is because the component-wise addition of these,
and only these combinations result form as ordinary fermions (and as a simple Helmholtzian factorization).

Mesons:
All the possible quark-anti-quark pairs are given by:
uo(h) = uo(G) | ui(h) : u1Q) | u-1(h) : 4-1()
do(/’l) . c_io(]) d](/’l) . 6_11(]) d_l(h) : 6_1_10')
|
S, x20,x3,x40) = f(1,X21,X3,X41)
For example:
ug = ui(1) = (B E*,E*), ; dr=d(1) = (E',B*,B’),
1
B E
E? _ B}
MRZLt](l): ,0,0 5 dRZdl(l)Z ,0,0
E? B}
* *
B} +E! (By+E)'
_ B? + E? B, +E)>
— ug : dx = b 0,0 | = Be+E) 190 | = (By+E), = 7" .
B} +E (By +E)’



-Dg -DY° D5 -D; f

Dy -Do -DiT -D

= 700 | = Dato.0)
-D5° DY -Do -D3 Vi
-p} -p} -D} Dy s

= J(ug : dg) = (O-1m*))(£,0,0) = DgD(£,0,0) = Ds((By+E) ) = Dp(z*)
ug = u3(1) = (E',E*,B*), ; dp=ds(1) = (B',B*E’),

E B}
E? B
s = us(l) = — 0.0 | 5 dp=ds(1) = o 1o,0
* %
E'+B] (B;+E)'
i 8
E? + B2 B, +E)’ _
— 5 dp = T o0 | = (By )3 0,0 |=BHE), =n
Bi + E’ (By+E)
* *
-Dy -DY DY -D £
D -Dy -DP -D
_ 3 ¢ ? r ,0,0 | = Da(f,0,0)
DY DY -Dy -Ds Is
-p} -p} -D} Dy s

= J(@5 : d) = (O—m*)){£.0,0) = DDA(F,0,0) = Dp((By+E),) = Dy(z")
dg = d>(1) = (BL.ELB}), 3 c6 =u(2) = (E'.B}LE*),

B] 3l (By+E) 3\
E? B? ? _
= dG E = =3 s _ﬁ ’0 = (Bﬁ " E)3 ’0’0 = (Bﬁ+E)1/2

By E? (B, +E)
* * * /

-Dy -Df D5 -D £ A

DY -Do -DY -D

_ 3 o ? 7 oo | = DA(£,0,0)
-D5° DY -Dg -Ds3 f3
-p} -D§ -D} Dy £ )

= J(dc : TG) = (O -m*))(0,0) = DsDA(F,0,0) = Dy((B1+E), )
ck =u1(2) = (BL,ELEY) ; dr=di(1) = (E'.B}.B}),

([ E B} (By+E)'
2 2
o Bj E? B (By +E) B o
= CR - dR = 3 s 3 ,0 = 0, N ,0 —= (B3+E)2 =D
By Ly (By+E)
\ * * *
/ -Dy -DY D -D, £
DS -Dy -D -D
~lo| Coh 7 Lo | =pao.t0)
-D§ D -Dy -Ds £
\_ \_ D! -pi -Di Dy £

= J(cr : dg) = (O =1m*))(0,£,0) = DpD4(0,£,0) = Ds((By+E),) = Dp(D*)
Ur = M](l) = (Bl,Ez,ES)1 s, UG = I/tz(l) = (El,Bz,ES)
B} ET
2 B2
E3 E3

* *

BIII+E
B2 + B2

:>MR:%= g _ﬁ ,0,0 :;ﬂ
BijLE3

*
ug = ui(1) = (B',E*, E?),
By
E2
ug = ui(l) = ,0,0
E3

*



1, pl
Bﬁ+Bﬁ
2, 2
= ug TR = ES+E" 100 | -
E3+E3

*

oS O O

0,0 | =(0), = (0,0,0) = z° .

*

-Doy -D3° D3 -D 0
DY -Do -DY -D 0

_ 3 e ? ,0,0 | = D4(0,0,0)
-D3;> DY -Do -Ds3 0

-p! -p! -p! D, *
= J(ug : dz) = ((O-1m1*))(0,0,0) = DzD4(0,0,0) = Ds((0),) = Dp(z°)
ug = ui(l) = (B',E*, E?),

1
By
E2
ug = ui(l) = ,0,0
E3
*
1 1
By + By By
E? + E? E?
— UR . UR = ,0,0 = 2 ,0,0 3£
E3+E? E3
* *

So, clearly, mesons of the same generation may be written simple Helmholtzian factorizations.
(mesons of differing generations are something like ’split-level’ Helmholtzian factorizations.

Baryons:
Baryon order-independent triplets may only be: wuu, uud, udd, ddd .
So, the eight unique baryon triplets of differing color indices are (j # h,k + h,k + j):

ui(h) : uo(j) : ui(k) | ur(h) : uo(G) : d-i(k) | ui(h) : do(j) : u—1(k) | ui(h) : do(j) : d-i(k)
di(h) : do(G) : d_1(k) | di(h) @ do(G) = ur(k) | di(h) = uo(G) : d-1(k) | di(h) @ uo(j) = u_1(k)
|
ur(h) = uo(G) : u_i(k) | di(h) = do(G) @ d-1(k)
ui(h) 1 uo(j) : d-i(k) | di(h) : do(G) : u_y(k)
ur(h) = do(G) : u_i(k) | di(h) = uo(G) @ d-1(k)
ui(h) : do(j) : d-i(k) | di(h) : uo(G) : u_y(k)
|
fA,-1,1,h) : f(1,-1,0,) : f(1, 1,-Lk) |f(1, LLh) : f(1, 1,0,j) : f(1, 1,-1,k)
fA,-1,1,h) : f(1,-1,0,) : f(1, 1, Lk) | f(1, LLh) : f(1, 1,0,j) : f(1,-1,-1,k)
fA,-1,1,0) : (1, 1,0,5) : f(1,-1, Lk) | f(1, L,Lh) : f(1,-1,0,5) : f(1, 1,-1,k)
fA,-1,140) (1, 1,0,5) - f(1, 1, Lk) | f(1, LLA) : f(1,-1,0,)) : f(1,-1,-1,k)

(and anti’s)

For example:

ugttrdg =p<BI11+BIII+E,E2+E2+lT§,E3 +E3 +B_§> =3

ugitrde = <Bﬁ +Bl+BLE*+E*+ E2.E> + E° +l?13]> =7

ugirdp = (BI11+BI11+B_III,E2+E2+IT§,E3 +E3 +ﬁ> =3

ugigdg = <Bﬁ +E'+E"E*+ B} + BLE> + E3 +l?13]> =7

ugigdg = (BIII +E'+BLE*+ B} + B2, E> + E° +B_§> =3

urucds = (B +E' + BLE> + B} + BLE' + E* +E?) = (E.E2,E’) & 3 +1 3 p*

urupdg = (B} +E' + E"E>+ E> + B,E> + B} + B} ) = 1

urupdc = (B +E' + BLE> + E> + E2.E* + B} + B} ) = (E.E2.E®) & 3 +1 3 p*

urupds = (Bl +E' + BLE> + E> + BJ,E* + B} + E° ) = %

etc.

urucuc = (B +E' + E'E* + B} + BLE* + E3 + E*) = 1

urucup = (By+ E' + E' E> + B>+ BLE> + E* + B} ) = (BL.B}3.B}) + 2(E' . E*.E®) ~ v, + 22" 3 42 3 A"
= (Bl +E! E3+BZ,E3 +B}) + (E'.E*,E®) ~ n* +p* (common decay of A* )

etc.

urdgds = (BI11+B_III+B_III,E2+£7+£7,E3+B_§+B_§> =3

urdgds = <Bﬁ+l?ﬁ+l?ﬁ,E2+ﬁ+B_ﬁ,E3 +l?13]+£7> = <lTﬁB_§lTI3]> ~7,30=2n°

etc.

drdgd = *(E"+ B} + BB} + E* + E*. B} + B} +B}) = 7



e x(Fl o Bl o Bl R F2 o B2 B3B3+ F3Y = (FT+ Bl F2 . R2 R3 L E3 Bl B2 B3
drdgds = x(E'+ B} +B}.B}+E>+B}.B} + By +E° ) = (E' + Bl.E> + B1.B} + E* ) + (B].B}.B} )
AT +Ve 3 -1 3 A

So:
urucup = (B} + E' + E' E> + B>+ BLE> + E* + B} ) = (BL.B}.B}) + 2(E' . E*.E®) ~ v, + 22" 3 42 3 A"
B} E! E!
E2 Bj E?
ug = ui(l) = ,0,0 ; ug =ux(l) = ,0,0 s ug =us(l) = 3 ,0,0
E? E’ B3
ES ES
Bﬁ+E1+E1 B111+E1+E1+B15—Bﬁ
E2+B§+E2 E2+B§+E2+B§—B§
— UR : UG . UB = ,0,0 = ,0,0
E?+E*+B3 E3+B>+E*+B;-B
1 i t — by
b3 ES
E'+ B} B}
E2+BZ Bﬁ
’0’0 - ,0,0
E*+B} B}
ES b3
/BﬁjLEleE1 B} +Bj
E2+BZ+E2 BZ+B2
= ,0,0
E3+BG+E3 Bﬁ+B[I
(( E'+B -\ \ ([ B
E* + B} E* - B} B}
- 3 3 3 3 0.0 |+ 3 0.0
E +Bﬁ E —Bﬁ Bﬁ
NN <)) N\ *
(e N (BN \ ([ E+B E' - B]
E2+B§ Bﬁ E2+B§ E2—B§
=1 2 0,0 |- 0,0 |+ 0,0 |+ 0,0 |+
E*+B} B} E*+ B} E*-B}
N N L A A NN *
[ e+ N\ ([ E-B)
E* + B} E* - B}
=15 3 0,0 |+ ,0,0
E*+B} E*-B}
ERN N A AN i
= Y[3((E+B),0,0) + (E-By),0,0)]
and:

upugdp = (B} + E' + BJE* + B} + BLE* + E*+ E° ) = (E.EX,E*) & 3 +1 3 p*

1
BgI E! By
E? Bj B}
ug = ur(1) = 0.0 | ;5 ug =us(1) = 0,0 | ;5 ds=ds(1) = 100
E3 E3 E3
X b *
1 1, pl
B} +E' +B]
E?+ B2+ B2
2MRZMG!dB= g _ﬁ ,0,0
E3+E*+E’
*
El (o ewBi-8\ N\ (e« \ ([ B\ )
2 2 2 2 2 2
. E2 oo | _ E?+B} - B} oo | E* + B} oo |- B} 00
E? E*+B}-B) E*+ B} Bj

* . J J \  J J\\*/) )
El ((e-B+8\ N\ [ E-8\ \ ([ B\ )
E? E? - B§ + B§ E? - Bﬁ Bﬁ
= ,0,0 | = ,0,0 | = ,0,0 |+ ,0,0
E? E*-B}+B) E* - B} Bj

) \\ o J J A\ S S\




E1+B[1I
2 2
E +BII
3 3
E +BII

=1

*

},0,0 - +
B 1 1 1 1
E'+Bj E'-Bj|
E2+B§ E2—B§

=1 ,0,0 |+ ,0,0
E3+B§I E3—B§I

*

BflI El—BflI BflI

BZ E2_BZ BZ

Bﬁ E_Bﬁ Bﬁ

* *

*
= Y[3((E +By),0,0) + (E-By),0,0)]

and:

ug : dg : dp = <Bﬁ+B_ﬁ+B_ﬁ,E2+ﬁ+B_§,E3+B_§+ﬁ> = <B_1§B_§B_131> ~v, 303 n°

1 1
By By By
E2 E2 B2
ug = ui(l) = ,0,0 ; de =d)(1) = ,0,0 ; dp =ds(1) = g ,0,0
il
* * *
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1. Rl 1 1

E" +B / E - B
E*+B3 E*-B}

=1 [ Y Y I ,0,0
E*+Bj E® - Bj

J ) N\ |

— [ (BB, 0,0) + (- By),0.0)]

L\

/
*

and:
_ 1 .l ol B2 .12 .23 .3.,.13 _ (11 .nplT12 ., p2 n3 ., 13 Dl p2 p3
drdcdp = *(E +B}+B}.B] +E> + BB} + B} + E ) - (E +Bl.E*+B},B} +E ) + <Bﬂ,Bﬁ,Bﬂ>
E! E! Bﬁ
dg = di(1) = 1,00 | ; do=dx(1) = 0,0 | o ds=ds(1) = t 100
BE E3 E3
* * *
E-FB_[II-{-B_III jail
B2+ E? + B2 E2
= dp:dg: ds = LT T 00 | = —__|,0,0
Bi+Bl+E> E’
it b5
" *
1, pl _pl 1 | nl nl
E'+ B} - B} E" +B] B]
E?+B2-B2 E?+ B2 B2
= _ﬁ _ﬁ 0’0 = - _I] ’0’0 - _I] ’0’0
3 1 1 3 1 1
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— 15[ (B +By),0,0) + (E - By),0,0) ]

and:
urcby = (BY +E' + BLE> + B} + BLE* + E* + E°) = (E'.E*, E%)

1
B E! B
E? B} B}
ug = ui(1) = 0,0 | 5 co=uw) =10, 0 | 5 bs=ds(3) =] 0,0, ¢
E3 E3 E3
% * %
B} E! B}
E? B2 BZ
= ug : cg : bp = ) ! , _ﬁ
E3 E3 E3
b3 b3 *
([ B E! B} B} E' B} B} E' Bj
2 B2 B2 2 B2 B2 2 B2 B2
=1 Ely ol Tvo, Ely el Too, Ely bl T8
) E? E? E3 E? E? E3 E? E3 28
\ * * * * * * * * *
// B[11+E1+B_[1I B[11+E1+B_[1I /B[11+E1+B_[1I
1 E? + B} + B} ’ E* + B} + B} ’ E* + B} + B}
) E3+E3+E3 E3+E3+E3 E3+E3+E3
([ E E! E! E! 4 E! E!
L E? E? E? L E? E? E?
=1 , , =1 0,0 [+ 0, 0 |+ 0,0,
3 E3 E3 E3 3 E3 E3 E3
(( E'+B}-B E'+B}-B] E'+B}-B]
E? + B? - B? E? + B? - B? E?+ B? - B?
:% 3 E E 0.0 1410, 3 E E 0 1+ 0.0, 3 E E
\\ * * *
(( e+ O\ ([ B E' + B} By
E*+B} B} E*+ B} B}
=% X X ,0,0 | — X 0,0 |+ O, X X 0 (=1 O, X 0 [+ 0,0,
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etc. (all the rest are the variations on the u/d & R/G/B - and the analyses are similar to the above )
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