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The Helmholtzian operator and factorization, via the Maxwell-Cassano equations yields a fermion architecture table equivalent to
that of the standard model and lead to linear transformation groups of the mesons and baryons, respectively, plus a straightforward
elementary description of quark colour based on integral indices: 1,0, 1, rather than the subjective, correlative explanation using:

{R,G,B;Y} indexes.
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Introduction

Using the principles of the analysis of a linear function of a linear
variable [1], constuctive algebras developed using the weighted
matrix product [2] leads to the d’Alembertian operator and it’s
factorization [3], and a space with all smooth functions satisfying
Maxwell’s equations [4] [5] [6] [7]. This leads to the Helmholtzian
operator and factorization[8], and a space in which all smooth
functions satisfy the Maxwell-Cassano equations[9] (which
generalizes both Maxwell’s equations and the Dirac equation [10]
[11] [12]) - a linearization of the Klein-Gordon equations [13]
[14] [12]. These insights lead to a fermion architecture providing
a firm mathematical foundation of the hadrons (mesons [15] and
baryons[16])

Analysis Details and Results

Merely a cursory look demonstrates that the Helmholtzian operator
and factorization is a generalization of the d’Alembertian operator
and it’s factorization [17].

Recallmg the Helmho]t21an operator matrix product from [8]:

where:
D =(&+m) , Di=(@-m) , &= ,L + M constants (2)

ox
oy oy 0 by & 0 oy
D= y Dim , Df? = D -
( 0 D ) ( 0 o ) (D; 0 ) (!}, 1] ) (3)

Similarly, mass-generalized electric and magnetic potentials for the
Helmholtzian operator factorization :

E = w*! (-Dgf' _th{)) Eo s (_Dg?d = szﬂl)
|+ w43 (—Dgﬁ - leo)

B = W (Dyf3 — D3f2) + W*2(=D\f* + Daf*) +
WDy - Daf)
Ey = w4 (=D - DEf) + wh?

(=D - D) w2 (-5 - D)

B) = W' (DT f - D) + W (=D f + DTf")
+WSODTL-DIf) @
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These mass-generalized Maxwell’s equations may be simpy written:

= (51r—F?!|i)ﬁ+(6+ﬁ)x

e (&n+mn)g—(6—ﬁ)x

-
0 E ; Homgeneous
-+ -+

J B : Inhomgeneous

as the Maxwell-Cassano equations of an electromagnetic-nuclear
field[9].

It is easy to demonstrate that in free space, the thus defined E and
B (generalizations of the electric and magnetic field strengths) also
satisfy the Klein-Gordon equations, so have a particle-nature. (Also,
the potential of the time-independent Klein-Gordon equations is the
Yukawa potential[18].)

Identifying a particle-nature member R as either an E or a B,
and R, as either an E, or a B, , then a notation consistent with
common usage would denote it’s particle-nature anti-member R,
as the corresponding E, or a B, (and correspondingly for R_, E, &
B ). And, of course, the particle-nature anti-member components
correspond in the same way. Each of these members satisfies the
Klein-Gordon equation, but only really do so as three-vectors with
three components or triplets. And, each bag of triplets must be
triplets or triplets of triplets or triplets of triplets of triplets, and so
on (i.e.: 3" of triplets).

The simplest , and thus, most fundamental members are triplets.
The next most fundamental is triplets of triplets.
These will be considered, here.

Denoting a triplet of triplets by: S, = R,R,,R, ) R
(RR,,R,), is a3 X 3 matrix.

R2+’R3+) +

1+

Then we can write: S, =E ,E_,E, ,and S, = (B ,B,,B,) .
The components of each vector written vertically:

R' R! R!

Rl R} R}
Se=|| R R || ’ =| B R R (6)
R} R} R? R R} R}

I 2 3

Define the first fundamental objects as follows:
Li= SEi ’ Ai = SBi

[where: S, = (R,0,0),S,, = (0,R,,0),S,, = (0,0,R,) ]

and define in-line notation: S, = (R', R*>, R?)

So, there are 3 pair of L, A :

(( E

1
Ly = (E,0.0) = E?

>

Ly = (0,E,0) = 0
\ 0
o
Ly = (0,0.E;) = 0
g
B]
A = (B,0,0) = [ B?
B.‘
g
Ar = (0,B5,0) = 0
0
> 0
Az = (0,0,B;) = 0
\ 0
And, let:
Rl , j#0
n(RY) = Et , j=0,
B! . j=0,

=

R=B
R=E

Sk, = (510,(R)),540/(R2).540;(R3))

0\ [ El 00

0 =| Ef00 |=
I}/J_‘< '\E-,‘()U/
0\ ) E! 0 \

0 =| 0 Eo0 |=

-3

0 /3< \ 0 E 0 )
E' O\ /00 E} \
E? = 00 E |=
-_‘ -_\

Ji /‘< \ 00 E; /
0\ /B 00

0 = B 00O |=
0 /‘< \ B, 00

0 \ /0 Bl 0

0 = 0B} O |=
0 /‘ \ 0 B 0

B! \< /00 B

B? = 00 B |=
3 3

» J,) \008

-1 (RAI )
coi(Re) = | na(RY)

;-3 (RY)

Corresponding to these fundamental objects, define these second
order objects as 3 pair of triples, as follows:

! -
Qj.fl = Sl‘:nr

with in-line notation: §|? = (-1 (R"), nji2(R*), mja(RY)),

l‘["1 = (BIsE;!!E})

, 0

-

I L]
h = (B, B%E?), ,
L = (E.E’,B%), ,

—
= SB-‘.’J

A
11 —

(E'.B%B%),

0} = (B'.E%B%),
A —
]

(8,84, 8%),

(11)
(11a)

(12.1q)
(12.1b)
(12.1¢)

(which are, of course, merely a swapping of one component between

the pair)

(Note: any number of swappings between the pair results in a

member of these 9 matrices)

(- 1i.e. itis a group transformation, so it is sufficient to consider a

single swapping)

(Note also that including the originals, there are 8 members)
The other two pair of triples are:

Ok = (BLE2 B%),

5 = (E'.B%EY),
b= (E'.E*,B),

0f; = (B',E%LE%),
53 = (E]'BZ&ES)_?Q
Ok = (E',E%,B),

2

?

L

?

A

12

02
A
32

O
Q%
O3

= (51,32,83)2
- (B’,EZ,B3)2
_— (B’,BE,E3)2

o (E!,BE,B})S
= (B',E%,B?),
2 (31,82,53)3

(12.2a)
(12.2b)
(12.2¢)

(12.3a)

(12.3b)
(12.3¢)
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The following assignments/definitions:

*=L1 ., Ve =Aj (14.1a)
pur=Ly , vy =M\ (14.1b)
ttT=Ly , vi=A3 (14.1¢)

correspond to the leptons.

And the following:
Ur = Q'J1| dg = QA (14.22)
ug = 04 . dg = 0A (14.2b)
Up = le Q"sl (14.2¢)
ck=0) . sg=0H (14.32)
co=0h% . s¢ =05 Sjgb;

.JC

Cp = 52 , Sp=0%
tr=0Q , br = QH (14.4)
tc = Q5% bc 2 (14.4b)
ts = Q% = 0% (14.4¢)

correspond to all colors and flavors and generations of the quarks.
From this point on, represent the generations of the most fundamental
objects by:

e(i) = L; = (E',E%,EY),

V(f} = — (Bi.,Bz.,BR):.
s ui(i) = Qf = =i (E),nja (B2), i3 (EY)),  (14.5)
. di) = OF = (B 2B . a(B),  (14.5b)

(1 denoting column/generation, j denoting row/color)
So, in particular:

e=e(l)=(E,E",E),

= e(2) = (E', % EY),

t=e(3)=(E', %, EY),

v,=v(l)=(B, B, B,

v, =v(2) (B.B.BY),

v.=v(3)= (B, B*, B%),

u,=u,(1)=B" E, E)

c, u,(2)=(BELEY)

t,=u,(3) =B £, £,

ug u, ()= (E', B, E) |

o= u(d)=(E B ),

t,=1,(3) = (B, B, ),

uy=u, (1) = (£.E°.B°) |

e =u,(2)= (£, £, BY),

t,=u3) = (ELE%.B°) ,

B

d,=d,(1)=(E'B.B’) |

s,=d,(2)=E', B, B,

b,=d,(3) = (E',B~B),

d,=d,(1)=BE%.B)

sG=d,(2)=(B', E*, B°),

b,=d3) =B, B, B),

d,=d,(1)=(B', B5EY)

s,=d,(2)=B, B, %),

b, =d,(3) = (BLBLE)

(15)

Examples of hadrons (second order compositions):

mesons:
ug : dg = (B',ELE?), : (E',B%,B%), = n*.
dr : Ur'= (ELB%B), : BLEL ), =
cr : T = (B',E%LE?), : (B',E*E’), = 7.
ug : 58 = (B, E? E‘)

: (B',B?,B7), = K* .

: (E',B%,B%), = K°.

dR :ﬁ:(EIEBE,B")i 2
: (."SI,BE,B?’)I = D",

cr : dr = (B',E%, E?),
ug : bg = (B',EZ,E“)] : (E',BE,B"‘),, =R*.
dr : br = (E',B%,BY), : (E',B%B*), = B".
These aren’t all the mesons, but illustrates that they are of two families:
1) all the are matched: R} with 7o(RY,) . (the charged ones)
2) all the are matched: R! with R}, . (the uncharged ones)

o

baryons:

a baryon is a quark triplet each quark of a different color.
ug : ug : dp = (B'.E-E.E")] 1 (BYEL B, : @LBLB ), ="
ug : up : de = (B",E*E*), : (EI«EE»B3)3 (BB B, =p*
dr : uc : dp = (E .B',B'i)] : (B ELEY), : (E'.B%B’), =n°.
dr : up : de = (E',B*,B°), : (E',E*,B%), : (E'.B*,B"), =n".

As an S, matrix, the proton and neutron incarnations are all the
same. except for one swapped pair of elements.

Just as coordinates may be used to describe phenomena, chosen
to facilitate analysis (whether rectangular cartesian, spherical,
cylindrical, paraboloidal, ellipsoidal, etc.); so, too may a vector basis
be chosen to consider generators of the vector space as a group and
it’s structure.

U(1) is the multiplicative group of all complex numbers with
absolute value 1; that is, the unit circle in the complex plane [19].
The unitary group U(n) is a real Lie group of dimension 7% (complex
n?, real 2n?) [20].

The unitary group U(n) is endowed with the relative topology as a
subset of M(n, C), the set of all n x n complex matrices, which is
itself homeomorphic to a 2n*-dimensional Euclidean space [20].

The dimension of the group SU(n) is n* -1 [21].

The orthogonal group in dimension n, denoted O(n), is the group
of distance-preserving transformations of a Euclidean space of
dimension n that preserve a fixed point, where the group operation is
given by composing transformations. Equivalently, it is the group of
n x n orthogonal matrices, where the group operation is given by
matrix multiplication [22].

(an orthogonal matrix is a real matrix whose inverse equals its
transpose) [23]

Over the field R of real numbers, the orthogonal group O(n, R) and
the special orthogonal group SO(n, R) are often simply denoted by
O(n) and SO(n) if no confusion is possible. SO(n) forms the real
compact Lie groups of dimension n(n - 1)/2 [22].

= SO(2) is of dimension 1, SO(3) is of dimension 3 , SO(4) is of
dimension 6 ,

All the possible quark doublets are given by:
u (h) = u,(j) u, (h) : u ()
d (h) - d, () d (h): d, ()

ug ()« uy(j)
d,(h):d,(j) (

16)
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(Notice that casual appearance suggests a 6-dimensional double-
cover)

A qXj: (R, R, R3)j is an n-tuple; but consider a transformation/
mapping:
"3 3
(R',R%LRY), — S (E"s%, + .?B’*ng)j & K; = Y (E" +iB"),
h=1 h=1

=1

3
= mlqy) = K; - L (E"55 +iB"6}).
fr=1
S0 .
3 h h —
Z(Ehaiﬁ _ f.Bhagﬁ)j and: f}{p({f}(]-)
h=1

3
Kj— Y (E*o% +iB"5%. ).
h=1

Ko = (E] + B],E2 +82,E3 +B‘J’) = Kog—uyx = a — Ko —uy
=dx < Ko—dx = ux

In other words, the n-tuple (R', R?, R?) ; : gXj represent the coordinates
of a fermion complex four-vector space.

Hadrons, mesons & baryons are the major objects in this fermion
complex four-vector space, the mathematics of which
follows.

Let: p,o € {u,dy & Il,® € {R,G,B} & m,n,r,s € {1,2,3}

then each member of this meson vector space

may be written as a 2 x 1 column vector: ( £ )

(2)-(2)

is a operation transforming one meson into another meson.
If it is linear, 7T is a 2 X 2 matrix.
So, if the field of the vector space and transformation is C then:

w _ a b v B ag +iar bg+iby v
W c d 7 crtic; dg+id; P
( (ag +iap)v + (bg + ib))v

(Cr+ici)v+ (dg + id;)v

So:

And, if the meson vectors may be represented by complex variables:
(with the property that the anti-object is the complex conjugate of
the corresponding object)

Wg+iwy (ag +iar)(vg +ivy) + {bn + !'b,-){l'g e fl’;)

Wg = iw; (cr+ic))(ve+ivy) + (d,q + J"d:)(lr’n =ivy)

(ar + iag)ve + (ar + iap)ivi + (bg + ib))ve — (br + iby)ivy
(cr+ici)vg+ (cg+ici)ivy + (d}z + i"d;)'.’g = (dg + !'d,i)f".’,-
ApVr +iamwg + agrivy + iapivi + bgvg + ibyvg — brive — ibivy

CrVR +ICVR + CriVy + iCivy +dR'I.-’R + fd;l-‘g = dkf'l"; — fd}h‘j
arVe +iavg + iagvi — apvy + brve + ibjvg — ibgvi + bvy
CRVR +ICIVR + iCRVy — vy + dgvg + idvg — idgyy + d vy
arVe —amvy+ brvg + byvy + iaivg + iagvy + ibpvg — ibgvy
CrVrg—Cvi + dR‘-'R + d,l'.’,a + icivg + icgvi + i"d;'i'ﬁ - fdn'.-';
[agvg —av; + bgvg + byl +ilaywve + agvy + byvg — bpvy)
[L‘Rl’g —ecvi+dpve + dn’f] + f[{.‘;\’g +epvr+dive — de’;]
[ﬂ'm-’g + bgl";@ —amyr+ hf‘-’,‘] + f[ﬂ';l";e + b;\"g +agvy — bﬁl';]

[t'm'k -+ dk\’;‘- -+ d,:l‘;] + f[{.‘;\';g + d;vk + CrVy — dm’;]

[(ag + br)ve + (—ar + b)vi] +i[(a; + bi)ve + (ag — br)vi]
[(cr +dr)ve + (—cr + dp)vi] + il(cr + dp)ve + (cr — dr)vi]

.
W = (cr+dp)vr+ (~er+divy  —wy = (cr+dive+ (er —dr)w
for arbitrary ve, v, ©

cptdp=ag+by -cr—di=ar+ly

bg = —cp+dg

{ wg = (ag+bp)ve + (—ar+bi)vy owy = (ap+ bp)vg + (ag — b))y
=3

~a;+ by = —c;+d; ag
ag+bg = cr+dn

—aj+by=—¢i+d; ag—bg = —cp+dg

ar+by=-ci—ds

) 2by = <2¢; | 2ap = 2dg cr=—Iy dr=ag
= =
2a; = -2d; 2bg = 2cp dy=—-ay cg = bg
7= a b : ap+ia; bp+iby - a b (17)
e bg—iby ap—iay b a®
ag bg iay  iby
= +
by ay —iby —iay
10 01 f : 01
= ag +bg + iay +iby
0 10 -1 0
10 01 10 0 -
=ag +bg +iay ~b| (18)
01 1@ 0 -1 i 0

for: (w,v) = (ow,pn) :

ap ) a b on
Tw bt a* on
Let: ap = 0, this is the root of the basis for the 6-dimension] transformation: the Pauli matrices

The complexified Lie algebra su(2) + isu(2) = si(2:C). [24]
a —p
p @

i.e. the Lie algebra su(2) consists of 2 x 2 skew-Hermitian matrices with trace zero:

SU@2) = Wa,feC:lal+Ip” =1

i =%

su(2) = WaeRzeC:lal’+1p° =1

z —ia

) . = 01 10 0 -
using the above basis modified: 7 o yE
10 0 -1 i 0

The group:

SuUiL = {( o ):‘a‘u,re Cru* = = I}
vtout

is isomorphic to SO(2,1) and SL(2,R). [24]

(The Lie algebra su(2) may be constructed from this group similarly
to the above.)

(which is just a convenient representation system like a convenient
coordinate system)

Now, instead of writing the meson as a vector, if it is written as a
2x 2 -square matrix, as:
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i 4+ iv u+iv 0
= =%
w w-—iz 0 w-iz
‘f‘;(").-. u+ v 0 )
w 0 w—iz

then under ordinary matrix multilication:

uy + vy 0 wa +iva 0 N
0 wy —izy 0 W2 —iZ2

(yuz —viva) + iy va + viuz) 0
0 (wiwz —zi22) —i(wiz2 + 21w2)

]
spans; is even commutative; and for such non-singular matrices

forms a group, and:
w4+ vy 0 up +ivy 0 ] B
0 w1 =iz 0 Wi =iz

1wy +ivy 0 wy = ivy 0
0 Wy —iz) 0 W+ iz

- ~

- (Ui +v7) 0
- 0 W)
So, for unit vecors ul +ivl,wl -izl :

uy + ivy 0 . .
0 oy, 1s unitary.

Using equation (), quark and meson characteristics, such as mass,
may be determined.
For example, if the mass constituents of a meson are

2

S
u,vi,wi,z1 = Iml* = u} +vi+wi+23 .

A quark mass:

Im,| = J2(u? +v?) forameson: ufi.
(In the Helmholtzian: u*, = |m [*+ [m,|* [m,*, v? =|m,|*; similarly
for wl, z1).

Noting how the meson color indices cancel, and looking forward
to the baryons an appropriate RGB notation

transformation would be: (RGB) — (- 1,0,1).

Note that the sum of the indices is 0 (as is the meson’s X + X )
(Just as particle-anti-particle pairs color indices add up to color
indices of light = the color indices of empty space =0,

the color indices of all composite-fermion particles must always
sum to empty space =0 ).

The following scheme has been conjectured for meson transformations
without violating empty space, via ’virtual” particles.

i.e.: at every point there exists two "virual" particle (particle-anti-
particle) pairs equivalent to empty space except for

total-energy (like pushing onto he stack and poping it off).

NOTE: pao(m) : py(n) + on(r) : Fols) = polm) : Fals) + onlr) : fiﬂ(")

= pn(m) : pp(n) +on(r) : n(s) = pnlm) : En(s) +on(r) : puln)
where: p,o € {ud} & TL®D e {1,0,-1}
Since the color force is much stronger than the electromagnetic at
short range, the color/anti-color pairs dominate & requires another
color force to uncouple.

. are electromagnetically bonded = 'weak’ bond
, are color bonded = "strong” bond

palm) : Ppln) & on(r) : Tals)
palm) : Tals) & on(r) : Pyln)

Note how meson color pairs tend to couple together:
prnl(m) : @n(n) + pyr) : oals) +onlh) : p,0)

]

pr(h) @ Pp(r) +@n(n) @ ouls) +onlh) @ Pl
i

pn(h) @ pr(r) +@n(n) : anlh) + ools) : Fg))

where: p.o € {ud} & D e {,0,-1} & m,n,r.s.hje {1,2,3}

This pairing is clearly the stronger bonding, since it is both color
and electromagnetic attraction.

Meson pn(h) : an(j) — palm) : Galn) color & flavour transformations:
pri(h) : Tn() + [pa(m) : Po(r) + Tals) : Ta(n)]
U

pa(m) : Gn() + [pnlh) : Pu(r) + oals) : Taln)]

pao(m) : To(n) + [pnh) = Py(r) +ow(s) : Tn(j)]

U

palm) : Go(n) + [pnlh) : Fn(j) + owls) : Pylr)]

where: p.o.6 € {id) & TLOY € {1,0.-1 | T+ O+ V.0 # ¥} & hjike (1,23}
(the terms in brackets are the virtual, (appear & disappear))

However, it is an open question as to whether or not the above
transformations are consistent with these processes.
All the possible quark triplets are given by:

rf,;(ﬁ} : ”“'(” 3 Hm;&J rm{l’;) : Plr,{'j) cdp(k) unlh) @ do(f) : uglk) uglh) : de(f) : du(k)
delh) @ dali) 2 dulk) deth) : de(i) @ ualk) de(h) @ ue(i) : de(k) de(h) : ue(j) : wg(k) (19)

(Notice that casual appearance suggests a 8-dimensional double-
cover)

Because u’s have 2 Es & 1 B" & d’s have 1 E" & 2 B"’s the 2 x 3
& 2 x 4 symmetries are not perfect.

Similarly to how the mesons were analyzed, a baryon vector
transformation would look like:

u a b ¢ r
de f P
w g hk q

it =

For a point in the complex plane: x+ iy at an angle 6 from the origin,
it’s complex conjugte x - iy is at an angle -6 from the origin.

On the unit circle: x+iy cosf +isin 6 and: x - iy = cos 0 - i sin 6

If there are 2n such angles dividing the circle:
: 1 2

2::9=2:r:>9=ﬁ~:r=>28=in'

So,for n=3: =g =120°

Lk
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: J3 ;
:>x+i_\~=co.%26+isnn26=—%+r'7‘ ; X—iy =cosf—isind =
ke ¥R § B DR e i
5 r2 ; 80=0x+iy=x—-iy=1

This figure shows how u, v,w would be situated with respect to each
other, everything being equal:

points on an arc of a circle equidistant in thirds may be formulated
as follows:

p((_:(}se_+ fsine)_ : p(cc;s(%fr + 9) + fSin(%ﬂ' - 9)) 3
7p(cos(%:r‘+ 9) + ;‘sin(%n +79))

,O(COS(%?T +9) + ;sm(%n +9)j =

2 T I e} SN [
Cos 3-:rco.56f sin 3x5|n9+r(§1r{ 3?TC0.‘39+CU.S 3JT.SIHG)

mal [ ~Looso -5 (I3 oso- L
=p ( 2(:059 5 smé‘)ﬂ( 5 cosf 251:19
=p —-%(cos()‘ +isin@) + —‘-?-(icos@—sin@))

= (-1+ iﬁ)%p(cnsﬂ +isin@)
(-1+id3) (u+iv)
(s I3 +i(4Fu-)

p(cos(%fr + 8) + f‘.‘s‘in(%,rw;ﬁ))‘= cos 4—51'(:039— sin i'JTSiHG

3 3
of s ol _ A4
B ) +:(sm3frf059+cofs%rrmr_18)
ol L gapn A3 o (3 oo L
=p ( 2L059+ 3 s|n9)+:( 5 cosf zbme
= —%(cos&ﬂsine)—%(—sin&+ftos€))

(—I = iﬁ)%p(cos& +isinB)

= (—l - iﬁ){u +1v)

=—(u-3v) -i(LZu+v)
So, for any angle any triple-thirds may be expressed:
22, (-1+if3)z (-1-if3)z

Normal vectors parallel to these are: 1, (_% + ig) (_% N ,-g

Assuming a 3-type quark triple with magnitudes u, v, w, € R oriented
by these normal vectors, they may be identified by:

Each quark may be considered a triplet; but, generally, the angles
need not all be equal; but even so there may always be an orientation
where one "anchor" vector may be real-only, and the other two
fully complex (with non-zero imaginary parts, and not necessarily
complex conjugates - only so, when the angles are both 2 &t

3

v

If the quarks are symmetric (conjugate) with respect to the *anchor’,
then they may be represented as v & v :

<l

As with the mesons, above, instead of writing a baryon as a column
vector; if it is written as a 3 3 square matrix, as:

Mg + ity 0 0

u g + ity
q= v = Vi + vy = 0 Ve +iv) 0
w Wg+iwy ] 0 Wg + Wy

(for the general case)

u u 00 ug + iy 0 0
y i ¥ - 0 v 0 = 0 Vg + v 0
w 00w 0 0 Wg + iwy

then under ordinary matrix multilication:

g+ iy 0 0 Uag + iy 0 0
0 Vig + vy 0 0
0 0

Vor + vy 0 =

Wig +iwy 0 0 Wag + iWy

W) j

spans; is even commutative; and for such non-singular matrices
forms a group, and:

g + ity 0 0 iR + ity 0 0 ]
0 Vig + vy 0 0 Vig + vy 0 =
0 0 Wig + Wi 0 0 Wig + iwy

-

(ip + uip) 0 0
= 0 (vig+vi) 0
0 0 (wig+wi)

)+ i(vEvy = vivag) o

0 0 (wambze = Wigw) + (W v

o (vigvae = v

[ {1 prdr e — 2y )+ 000 adiy — Wgliza ) o 1)

Adv Theo Comp Phy, 2019

www.opastonline.com

Volume 2 | Issue 3 | 6 of 11


https://www.opastonline.com/

For the symmetric-conjugate *anchor’-type case, each quark may
be expressed as a column vector:

ug+iug 0 0

u g+ iy
q= Y = ¥ = 0 7 0
i g — iy 0 0 ug—iw
u w 00 g +iug 0 0
T 2 - y 0 = 0 ¥ 0
i 00m 0 0 ug—iu

And, these transformations are:

Vi + vy ag + ia; bg + fb; Cgicy g+ iy
r = dr +id; eg+ie; j}z+l:f; Y
VR — vy gn+.!'g; ."!n +H’!,- kﬁ+l‘k{ g — iy

-9 - ~ Cd
/ (ag +iay)(ug +iug) + (br +ibp)y + (cg + icy)(ug — iug)
(dr +id;)(ug + ing) + (er + ier)y + (fr + ifi ) (g — iug)
(gr+ig))(ug +iug) + (hg + ihy)y + (kg + ik))(ug — iug)

aglitg + iieg) + iag(ug + ing) + bgy + ibyy + eglug — iug) +ic(ug — ing) ]

=\ drlug+iug) + idiur + ing) + ery + iery + felur — ivg) + if Qg — iug)
> erlug +iup) +igiug + iwg) + hgy + ihyy + kglug — iug) + ik(ug — iveg)
Aplig + iaglty + iapg — apey + bry + ibyy + Critg — icglty + icpig + Ciity
= drug + idruy + idjug — diey + egy + iegy + frug — if gty + ifiug + frie
> Qg + Iggty + ig g — gy + hgy + ihyy + kgug — ikguy + ikpeg + kg
[agitg — ant; + bry + cguig + cqup] + ifaguy + apig + by — cguy + cuig]
= [drur = diy + ery + frug + frug] + ildrus + dig + ey = frug + frug)

\ [gﬁh‘;\- — gy + hk?’ + kgug + .f\';h‘,-] o r'[g;;u; + 2ltg + h;}' — kg + .k,-HR]

Vi + vy [lag + cadug + (—ar + i + by ] + il(ar + codug + (ar — crur + biy]
r = | [l +fedug + (=di+ fidug + ery] + il(ds + frdug + (dg = fadus + ery]
VR —ivy [(gr+ kndug + (—gr + koduy + hey] +il(gs + ke dug + (2 — kedus + hyy]

Ve = (ag + cp)ug + (~ar+ codug + bey v = (ar+ erug + (ag — ce)us + bry
= I = (dg + fo)ug + (—di + f)ur + exy | 0= (di + fr)ug + (dp = fa)ur + ey
Vi = (8r+ ki)tig + (=g + kdug + hgy | —vi = (g0 + kdug + (8r — ke dus + ey

for arbitrary uR, ul, v:
grthkr=ar+cr —gi—-ki=ar+c; kr=ar gi1=-c1
—gr+ky=—-ar+c; —gr+kr=ar—cr ki =-a; gp=cCr
= hg = bg . hy = ~by = hg = br hy=—by
Jr = dg fi =—d Je=dx fi=-d
0=¢ 0=e

(since I is an unknown/undetermined function of uR, ul, vy:

ag+iay bp+ib; cp+icy a b ¢

ag +iay bg+iby cp+ic
= dr +idr ex+ier fa+ifi = dg + id, £x dp - id = d er d*
gr+igy hg+ihy kg+ ik cp—ic; bp—iby ag-ia; et b at

ag+iay bg+iby cg+icy
dg + id)
Ert+igy

Vg +ivy
r =

Vg = ivy

g — iy
eg+ie; fe+ift g+ iy

hg +ihy kg + iky ¥

/ (ar + ia;) (g — iug) + (bg + ib) (g + iteg) + (cr + icy)y

= (de + idi)(ur — iug) + (er + i) ug + ing) + (e + i)y

(gr +ige) (g — iug) + (hg + ily)(ug + i) + (kg + ikp)y

(ag + ia)ug — ilag + iaug + (bg + ibdug + i(bg + ib) )y + cry + icry
= | (dp+id)ug - i(dg + idi)ur + (eg + ieug + i(er + ieuy + fry +ifry
(g +igug — ilge + igdug + (hg + ihdug + iChg + ihdug + kgy + ikpy
aglig + iag — iaguy + agy + brig + ibjig + ibguy — bpay + cpy + icry

= | dgugp+idug — idgti; + disty + egug + iegug + ieguy — ey + foy + ifry

\_ Brlg +igiig — iggus + grity + hgieg + ihpig + ihguy — by + kgy + ikyy

Aptig + @ty + bpug — by + cpy + iapig — iaguy + ibpg + ibgug + icyy
= drug + ditty + egitg — ey + fry + idig = idgu; + iegig + ieguy + ifry
Lrtig + gatey + Rgteg — Ry + kgy + igatig — iggis + ihptg + ihguey + ikry
[agtg + am; + bgug = by + cpy ] + ilamip = agiy + bpig + bgity + ¢py]
= | [drug+dw;+epug— ey +fryl + ildmp — drup + equr + epur + fry]
lertir + gotty + hptig — hypy + kgy] + ilgoig — grup + houg + b + key)
aglig + gty + brig — byt + cgy + iapg — iaguy + ibpig + ibguy + icry
= | dritg +diey + extig = entty + fay + idig = idgig + iejug + iegter + ifyy
ritg + gutty + Tgrig — gty + kgy + igeg — iggity + ihyug + ihguy + iky
[agug + apey + bgitg — bugy + cpy] + ilagg — agiy + buitg + byt + ¢y ]
= | [deun+dig+egier — iy + fuy] + ildug = dytis + eqin + extiy + fry]

[rtip + grp + hgtig = by + kpy] + i{grug = griy + Mo + bty + kiy]

Vi + vy [law + bi)ug + (ar— b + eyl +illar + b ug + (—ag + be iy + crr]
r =\ [(dw+erdur+(di = edur+ fay] +il{ds + edug + (~dg + ex)us + fiy]
Vg - ivy [(gw + hedug + (g = hidus + kay] + i[(gr + hodug + (~gr + he iy + kiy]

ve = (ag +bgdug + (a; — b))y + cpy  vi = (ar+ bidug + (—ag + bglu + ¢y
= I'= (dg +egup+ (di—eup + fry | 0= (di +er)ug + (~dg + er)us + fry
Ve = (8w + hw)ug + (g1 —hodw + key | —ve = (g1 + hi)ug + (—gx + he)us + kpy

for arbitrary uR,ul, vy :

gr+heg=ar+bg gi-hi=ai-b hg =ag gi=-b
~gi—-hi=ar+b gr—he=—ar+by hy=-a; g = b

= kg = Cr .A',i=-.'_',r = ke = Cr .h=—t';
eg=dn .[’;=—d,r €R=d}(.8§:—d}
fi=0 fi=0

(since I is an unknown/undetermined function of uR,ul, y)

ag +iay bg+iby cp+icy
dr+id; dg+id; Ir

bn = ib; ag—ia; cg- E[‘;

ag+ia; bp+iby cp+icy
= dr+id; en+ier fr+ifi =

gr+ J"II{{ hn + J'Tl'j kx + H({

= d d' fr

bt a* ¢
These are both 9 dimensional.

And, for the general, ’anchor’-type case, each quark may be
expressed as a column vector:

Ay RN RN AR MRS MOIWEELE AT RO WA WMACES LSS AR REI] LI MR ML M W WAL

i g+ iy Ug + it 0 0
4= v = Vg + iV = 0 v +ivy ]
[ g — iy 0 0 ug —iuy
u w00 g + ity 0 0
T v = 0 v 0 = 0 Vi + vy 0
i 00m 0 0 Mg — iy
And, these transformations are:
Vi + vy ap+ia; bg+iby cp+icy Up + iy
Wi+ iwy = de+id; ex+ier fr+ifi r + iz
Vg = iVg grtigr hg+ihy kg+ik; Ug — ity

(ap + iap)(ug + iug) + (bg + iby)(zp + izy) + (cr + o) (g — iug)
(dg + id)(ug + iug) + (er + ieg) (zr + ize) + (fu + if1) (ug — iug)
(gr+igi)up +iug) + Chg + il )(zg +izg) + (kg + ik )(up — ing)
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apltip + itey) + iap(ug + ig) + bplzp +ize) + iblze + ize) + calieg — fug) + ici(ug — i) A
dilug + i) + idi(ug + ing) + eplze + izg) + ieflzn + iz0) + falteg — i) + ifi(ug — ing)
grlig +ing) +igilug + i) + halon +ize) + iz + i20) + kgloeg — fug) + k(g — iteg) /‘

Agplig + iagiy + iagg — agy + bezg + thpzy + ibizg — bizy + cplig — icglty + icig + cpity \
drtip + idpuy + idpueg — duty + epzp + iegss + feizr — €120+ frg — ifur + ifiig + fun
i + igrtiy + ity — 2oty + hgzp + thgz + iz — Wz + kg — ikgity + ikpug + Koty <
lagity — aniy + bgzg — bizp + cptig + coug] + if@agiy + apmig + bpzy + bz — cpitg + g ]
[dgug — duey + epzp — eozr + frtig + fing] + ildpur + ditig + enze + egzp — frig + freg)
{RR"}( — gty + hgze — Rz + kgoeg + kg ] + ifgrus + gotew + hgzy + Mz — keguty + kyug) J

Vi + vy [{as + exditn + (—ar + codite + brzg — byzi] + i{{@e + er)un + (Ag — cadig + bpze + bazr]
[(dr + frdug + (~dp + fiduy + enze — eyzi] + (dy + frdug + (de - fa)u + eze = enzi]
[rw + kndtow + (=0 + Ky + huze — huzi] + il(Re + Kbt + (e — kit + huze + ez

= W+ Wy =
Vi — iy
vig = (ag + g + (~ay + iy + bpzp — bizr vy = (@ + g + (ag = cdig + bezg + bezs
= wr = (du + frdug + (=d; + fidus + epzg = exzr wy = (dy + fr)ug + (dg = fe)us + ez + exzy
Ve = (gr + kp)ug + (=g + ki + hgzp = lyzp | =vy = (g1 + ky)ug + (gg = kp)uy + hyzp + hezy
v = (ag + cplug + (—a) + o up+ bpzg — byzy vy = (ap + ¢ )ug + (@g — cpdug + byzg + bezy
= vie = (gr +kndug + (~gr + kidug + hpze = huzi v = (g0 = kidug + (-ge + ke duy = hize = heze
wi = (dn + fodup + (=i + fi)us + exze —esze | wr = {di + fdun + (de — fi)us + eizn + erzs

for arbitrary uR, ul, zR, zI :

) r+ke) =(ar+ca) (gi+hk)=(-a+cr) hg=bg  ~hy=by
(—gi—ki) = (ar+¢1) (—gr+kg) = (ag—cr) ~h=-by -hg=br
™ grtkp=arten —gitki=-ar+c; he=bp=0
—gr+hkr=ag—cr —gi—ki=ar+c; h=b=0
. kp=ag g =-c; hg=bg=0
gr=cp ki=-a; y=5b=0
ag -+ iay 0 cr+icy a 0 ¢
= dp +id) ex+ie; fu+ifi = d e
( cr —ict 0 ap — iaj ¢t 0 a*

ar +ia; br+ib; cg+icy g — ity

fr+ify

dr +id; eg +ier g+ iuy

gr +ig; hg +ihy kg +ik; IR+ iz

(dg +id;)(ug = iuy) + (er + ieg)(ug + iug) + (fe + ifr) (g + izp)
(gr +igr)(ugr — iug) + Che +ihy)Qur + iug) + (kg + iki) (e + izr)

Ve + vy
Wg+ iw; =
Vp— fPJ
( (an ey Yiip ~ T} o (B by Y0t + 1) - (op + et Gom e fer) j

grlug —ing) + igilew — tur) + halig + i) + ihaloeg + fug) + kelze +izi) + ikilze + izr)
ity — iagity + ianeg + agiiy + britg + ibpi + ibgteg — bty + Crzp + ferzy + icize — €12y
dylin — idgity + idiig + ditiy + extig + feguy + iegig — et + fazg + ifnze + ifize = fiza
ity = (8 gty + igoin + gotts + hgtew + gty + hoteg = hotts + kgzw + kg2 + ikize — kize
lantip + anty + byiig — bty + cpzg — c1zi] + i[—agtiy + aig + bptig + by + cpzZs + 1Zg)
[d'xm: + dyiy + eglig — €4l +fk.k ff:.:] + :[—d;m +djlig + egliy + €l 1']&:.; +f; x]
[gme + Bty + Mgt — ftig + kpzp — hd] + l[ —8rlty+ Qilig + hgty + hgieg + kpzy + kf.n]
[antig + britg + iy — bty + crzr — cizi] + ilaig + brug + —arti; + brity + cizg + ¢r2i)
[drtie + epitn + dyiy — ity + foze — fizs] + ildpig + eip + —dpity + egity + frzp + frz/]

[{{J\‘Uk + Mg + gt — oty + kpze — kezi] + ilgoe + hoig + —geug + ey + kize + ke

Vie+ iy [{"hr + bwdiug + (@e— bodwg + cuze — enzi] + i{lar + g + (—an + b + erzn + ez
[{ehw + endup + (dy = exdur + fuze = fi21] + i0(dy + e Jupg + (~dn + exdtey + frzn + fazi]
Vi — vy [{fn—hxlm+ (e — fador + kmze — kazs) + i(80 + hedug + (—ge + hadus + kize + kazi)

Wy + iwy ad

aglier = iy} + iag{ug = it} + bplup + ig) + ib(1g + iug) + Lx{m +izy) + ici{zr + izr)
dilig = ite) + idi(ug = fg) + eplig + i) + ieug + ing) + felzp + iz) + ifilze + izr)

ve = [(ﬂu + bn)un +{ar— b+ caze — cozr] vi = [(ar+ bdup + (~ar + bedug + cizn + crzi

= wg = [(dy +ex)ip +(di = e)us + fozn = fize]  wi = [(dr + e + (=dp +eq)ter + fizn + fr2i]
ve = [(gr + hadun+ (gr = hodur + kpze —kizi] —ve = [(g0+ hi)ug + (=gr + heduy + kizg + kazi]
v = (ar + bedun + (ar — bedus + exzp — cizr v = (@ + bidug + (—ag + be)uy + ¢2p + Co2r

=, v = (gr + ) + (81 = he)us + kpzg = keze | Ve = (=1 = haJug + (gr = he)uy = kizg = krzs

wr = (dr + exdug + (dr— e + faze - fize  wr = (di+ eup + (—dp + exdus + fizw + frzt

- -

v = [{ar + br)ug + (ar — bodus + cezn — ciza] vy = [(ar + bo)ur + (—ar + bedug + crzp + crzi]
= w = [(dg +exp +(di — e )i+ fozg — fize]  wi = [(dr+edug + (=dp +eader + frze + fozi]
ve = [(gr+ hadir + (gr — hodur + kazr — kize] —vy = [(gr + hdug + (—gr + hedus + kize + kazi)
v = (an + bedug + (ar— bdus + cpze — iz Ve = (ar+ b)ug + (—ap + beduy + cizp + cpzr
= va = (g + hgdup + (g1 = ho)us + kpzg = kize | Vi = (=1 = he)ug + (gr = he)uy = kizp = ka2
wi = (dp + exdug + (dr— edur + fazg ~ fie  wy = (dr + edun + (~dr + ex)us + fize + fozs
for arbitrary ue.uy, zp, 2
i { (e + ) = (an+be) (&= hi) = (ar— b))
(g =M} =(ar+by) (ga-tg)=(-an+by) ~ky=c; ~kg=ca
(since wg,wy are unknownfundetermined functions of wg. iy, 2,20 )
gr+hp=an+bp |g1=hi=a;=b

kp=cp —ki =

kx=cr=0
gr—hr=—ag+bg —gi-h=ar+bs ki=ec;r=10
ge=bg gr=-bs kn=ca=0
he=ag hy=-ar ki=¢;=0

ap+ia; bg+iby 0 a b0
= dg +id; eg+ie; fu+if = d ¢ f
b ~iby ag—im 0 b at 0

These are 10-dimensional.

Thus, the two anchors w & z may not be considered indpendent.
Thus, the picture of the above equivalent symmetric-anchor types
is sufficient.

So, using transformation matrix:

a b ¢ ag+iar be+iby cr+ic
d ey d* = dy + id; € dy — id;
¢ b oa cr—ici bg—iby agr—ia;
- b
100 010 001 000 000
=ag|] 000 +bgl 00O +epl O OO +dr 101 +er]l 010 +
001 ) 010 100 000 000
1:0@ 10 0 01 o0 o
+im| 00 O +iby| O 0 0 +icy 000 +idy) 10 -1
00 -1 ) 0-10 -1 00 000
100
=ag|] 010 +
001
[ ] [T 000 000
000 +crl 000 +dg 101 +lex—ag)l 01 0 +
010 100 000 000
100 010 0 o1 0o o
+ig) 00 0 wibyf 000 +icr 000 + idy 1 0 -1 (21)
00 -1 0-10 -1 00 0o o0

8-dimensional basis.
W1th d b* & eR =-2aR:

boc a b ¢
d ex d |=| b 20 b (21a)
ct bhoat &t b a

makes this traceless equivalent to the Gell-Mann matrices

Ax+ds A—idz Ag—ids

e A A
A Aw AL - A +iks =i+ ds As—ids -
As As —Ado—Aw Aa+ids Ae+ils -243
010 0 -0 1 0 0
=A| 100 |+ i 00 |+ 0 -1 0 |+
000 000 000
001 00 -i
+d4 0 00 +4ds] 00 0O +
100 i 00
000 00 100
+ds) 0O 01 +d70 0 0 —i +dy] 01 O
010 0 i 0 00 =2

Ay+ds Ai—iky Aa—ids
= Ar+idy —Ay+ds Ae—idy
Ap4ids As+idy =244
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The non-singular linear transformation of the quarks to one another
establishes a group[25].

Though it may be a subgroup including quark-quark-anti-quark and
quark-anti-quark-anti-quark, there is not

evience supporting this[16].

Using the fermion triple table, above, mesons & baryons may be
noted as:

-~ -

ug : 78 ~ w(0,1,1) : w(0,1,1)
ug : ug > dg ~w(0,1,1) : w(1,0,1) : w(0,0,1)

For the mesons, the transformation is:

px(h) : ox(j) = no(px(m)) : m:(ox(n))

(this is equivalent to: px(h) : 6T(j) - px(m) : ax(n) )
For the baryons, the transformation is:

pr(h) : 56() : o8(k) = Nu(pr(m)) : Np(pa(m)) : 1,(os(n))
(where any pair of , f, v are 0 and the third is NOT,

(because it is an ordinary fermion interaction netween two
ingredients)

(a chain of any single transformation is sufficient for any
transformation)

For example:

dr g+ dp ~ w(1,0,0) : w(1,0,1) : w(0,0,1)

= noldr) : noluc) @ ds ~ w(0,1,1) : w(0,1,0) : w(0,0,1) = ug : de : ds
= dg : noluc) : nolds) ~ w(1,0,0) : w(0,1,0) : w(1,1,0) = dr : d : ug
= noldr) : ue : qolds) ~ w(O,1,1) 1 w(1,0,1) : w(1,1,0) = ug : ug : ug
dg :dg @ dp ~ w(1,0,0) : w(0,1,0) : w(0.0,1)

= no(dg) : no(dc) @ dp ~ w(0,1,1) - w(1,0,1) : w(0,0,1) = ug : ug : ds
= dg : noldc) : no(ds) ~ w(1,0,0) : w(1,0,1) : w(1,1,0) = dg : ug : ug
= no(dr) : de : no(dg) ~ w(0,1,1) : w(0,1,0) : w(1,1,0) = ug : de : ug

As noted above, all the possible quark triplets are given by:

uglh) : wa() : us(k) wpCh) @ walj) : de(k) uslh) : da(f) @ us(k) wg(h) : da(f) : de(k)
dr(h) : da(j) : de(k) drth) : do(f) @ uelk) de(h) @ ug(j) : de(k) delh) : uclj) @ ue(k)

(Notice that casual appearance suggests a 8-dimensional double-
cover)

All baryon quark-triples seem to be of the form quark-quark-quark
(or anti-quark-anti-quark-anti-quark); and not including quark-
quark-ant-quark or quark-anti-quark-anti-quark[].

There are six elements in the RGB color triplet set (baryon):
{(R,G,B, (G,R,B), (G,B,R), (R,B,G), (B,R,G), (B,G,R)}

As with the mesons, the following scheme has been conjectured for
baryon transformations without violating empty space, via ’virtual’
particles.

i.e.: at every point there exists two "virual" particle (particle-anti-
particle) pairs equivalent to empty space except for total-energy
(like pushing onto he stack and poping it off).

The color triplet permutation operation on the three quarks enables
continued ’existence’.

Baryon pn(h) :
pn(h)

pn()
pn()

and:

pn(j)

pn(h) :

pri(h)

oa(j) : Bw(k) flavour transformations:

I
ao(h) : Ow(k) +[pn() :

U

U

too(f) @ Owlk) + [pn() :

tow(f) 2 Ouk) +[pn(h) :
I

s oo(h) @ Bu(k)+ [pn(h) :

soelh) : Ow(k) + [pn(h) :

toal(f)  Bw(k) + [pn()) :

Pn(h) +oa(h) :
ga(j) +pph) :
Puh) +80() :
Pn() +Talh) :
Pulh) +oa(h) :

pnh) +oa(h) :

Go(j)]
aa(h)]
oa(j)]
ow(/)]
Fo(j)]
oa(/)]

p.0.0 € {udy & TLOW € {1,0,-1 | [T+ O.I1# V,d + ¥V}

& hjke {1,2,3}

These transformations are sufficient to describe all permutations
(simply change designations as necessary).

(ie: (L0, W) = (O,TLV¥) = (O, 'V,11) = (I1,'V,D)

Baryon pn(h) :
pn(h) :

pa(m) :
po(m) .

7 palm) :

and:
pa(m)

pa(m) :

pn(h)

and:.
pn(h)

pa(m) :
pao(m) :

pao(m) :

and:
pa(m) :

pa(m) :

1= (VIL®) = (¥, 0.11))

oa(f) : Bw(k) color & flavour transformations:

Ga(j) : Ou(k) + [pa(m) :

U

oa(j) : Bw(k) + [prh) :

U

on(r) : Ow(k) + [pn(h) :

I

on(r) : Ow(k) +[pn(h) :

U
U
I

U

U
U

aolf) :
Poe(j)

: U(]IU) H

aolf) :
U

on(r) :

on(r) :

on(r)

Tqp (}') 5

son(r) @ Ow(k) + [pn(h) :

Ow(k) +[pn(h) :

O (k) + [pal(m) :

Ow (k) + [po(m) :

Ow(k) + [pn(h) :

Ow(k) + [pn(h) :

Ow(k) +[pn(h) :

2 Ow(k) + [pnh) :

(k) + [pn(h) :

pn(h) @ oa(j) : Ow(k) + [pa(m) :
where: p.o.0 € {u,d} & Lo,V e {1,0,—1 |

Go(s) +on(r) :
Gao(s) +on(r) :
6“:(5) = O'.DU) -

Pn(n) +ou(j)

Pu(n) +oa(j) :
Pu(n) +on(r) :

Pn(n) +on(r) :

Pop(n) +on(r) :
Po(n) +on(r) :
Py(n) +0a(j) :

on(s) +oal()) :
on(s) +oa(j) :
Po(n) +on(r) :

Pyp(n) +on(r) :

ﬁn(”)]
pr‘](”)]

ﬁr}(”)]

5 6":(3‘)]

Gals)]
Gaol(s)]

Ga(s)]

on(s)]
on(s)]
on(s)]
Poy(n)]
Po(n)]
on(s)]

&n(s)]

M+ O+ WV,®+ WY & hjke {1,2,3}
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Again, these transformations are sufficient to describe all
permutations
(simply change designations as necessary).

(ie.: (IL,®,%) = (®,1L,'¥) = (®,',IT) = (II,'V, d)
= (V,IL,®) = (V,,I1))
All the permutations are handled by this operation (perhaps randomly,
not necessarily in any order)
A pair of virtual weak/strong mesons combines in and a pair of

virtual strong/weak mesons uncombines out.
(with charge & color conservation).
Baryon pn(h) : o4()) :

(IL®,¥) = (O.ILY) :

6w (k) color transformations:

prn(h) : oo() : Ow(k) + [pa(h) : Py(n) +on(f) : n(s)]
U
pao(h) 1 6a(j) : Ow(k) + [pn(h) : py(n) +on(j) : Gnls)]
|
po(h) :on() : Ow(k) + [pn(h) : Gnls) + oalj) @ Py(n)]
(O, ILY) = (D, 11) :
pa(h) : on() : Ow(k) + [ow() : Tw(r) +0n(k) : On(s)]
U
pa(h) 1 aw(j) : Op(k) + [on() : @w(r) +6On(k) : On(s)]
U
pa(h) : ow(j) : On(k) + [on() : On(s) +Ow(k) : Tw(r)]
(O, W.I1) = (ILW, D) :
pah) 1 ow(f) @ On(k) + [pn(h) @ pu(r) +0a(k) : Ba(s)]
U
pr(h) : ow(j) : On(k) + [pa(h) : Pr(r) +0a(k) : Duls)]
U
pr(h) : ow(j) : Oalk) + [0n(k) : py(r) + palh) : Ba(s)]
(ILY,®) = (V,IL®) :
pn(h) : ow(j) : Ba(k) + [pw(h) : Py(r) +on(j) : Gn(s)]
U
pr(h) @ ow(j) : Ou(k) + [pn(h) : py(r) +onl(j) : onls)]
U
pe(h) @ on() : Ou(k) +[ow() : Py(r) +pn(h) : Tn(s)]

(V,IL,®) = (V,®,11) :
pu(h) : on(j) : Be(k) + [o0()) : Talr) +On(k) : Bn(s) ]

U
pr(h) : 00 (j) : Oa(k) +[on() : Ta(r) +On(k) : Bu(s)]
U
pu(h) : 00 () : On(k) + [Ba(k) Ta(r) + on() : Onls) ]
where:
p.o,0 € {d & ILOW e {1,0,-1 | 1+ ®,I1+ V.0 + V)

& h,j.ke {1,2,3}

Just as with the mesons the property that the anti-object is the
complex conjugate of the corresponding object was the only
fundamental principle required for the analysis; for the baryons
two facts are fundamental:

1) the order of the triplet is immaterial to it’s description (also for
mesons via the anti-meson complex conjugate)

ie: puh) s 0a(j) : Onk) = (pw(h).c0()).0n(k))

is an equivalence class

2) the set of the colors of the triplet is {R,G,B}; i.e.
p(h) : a(j) : 0(k) = pu(h) : 0o (j) : On(k)
=0o(j) : pr(h) : On(k)

=00(j) : 0nk) : pe(h) = pu(h): On(k) :

oo (j) =0uk) : pu(h) : 60 (j)

where: p,0.0 € -{a,d}:' & TLO,W e -{1,0,—1' |
M+ I+ V.0 + ¥ & hjke {1,2,3}

3) the transformation is accomplished by swapping the color of
any two objects

However, as with the mesons, it is an open question as to whether
or not these baryon processes are consistent with the baryon
transformations.

However, how is it that p0g0 is not a meson, and pOg0r0 not a
baryon?

Quarks are fermions, just as electrons are, satisfying Bose—Einstein
statisticso a collection of non-interacting indistinguishable particles
may not occupy a set of available discrete energy states. i.e. quarks of
the same color index cannot simultaneously occupy the same place.
So, since there are only quarks in the triplets, and there are no color
duplications, there must be one-and-only-one of each color type, and
thus, the sum of the color indices: -1+ 0+ 1 =0.

Conclusion

Thus, the insights provided by the constuctive algebras developable
from the weighted matrix product leading to the d’Alembertian
operator and it’s factorization, leading further to the Helmholtzian
operator and factorization, from which the Maxwell-Cassano
Equations arise generating the fermion architecture provides firm
mathematical foundation of the hadrons (masons and baryons) as just
demonstrated. As shown above, the color notion is better understood
using integral indices; so, up to this point, the fermion architecture
is clearly described via table:

e=e(l)=(E,E*, E)

= o) =(E, % B,

1=e(3)=(E', B2, EY),

v.=v(l)=(B", B, B),

v,=v(2) (B'.B*,B)

v, =v3) = (8, B, BY),

u,=u(1)=B" E*, E) |

¢, u,(2) = (BLELEY,

t=u,(3)= (B, B B,

ug u, ()= (£, 8% E) |

Co=u(2)= (£, B4 E) ,

t,=u,(3) = (E', B, F¥),

uy=u, (1)=(E"E*B) |

G =u,(Q)=(E" £, B,

L,=u,(3)=(ELB),

d,=d,(1)=(EB.B)

s,=d(2)=E', B, B,

by=d,(3) = (E',B%B),

d,=d,(1)=B B

sG=d,(2)= (B, E% BY),

b,=d3) =B, B B),

d,=d,(1)=(B',B’E’)

s,=d, (2)=B\, B} F¥),

b,=d,(3)=(B.BLE),

(22)

(Obviously, the original designer did not go through the RGB
designations, but began with the numerical indices. )

( -the RGB indexes have been used above to allow quick and easy
correspondence and transition to this fundamental description)

And, of course, the up/down concept yields to the simple 7,
transformation on each one’s constituents-triplet (the same 1,
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transformation generating the fermion interactions).

So, just as the fool on the hill sees the sun going down and the eyes
in his head see the world spinning ’round, the fermions may be
viewed as constituents-triplets.

I hope I have shined a light to see through the fog.

References

1.

Cassano CM (2010) Analysis of a Linear Function of a Linear
Variable , a generalization of the theory of a complex function
of a complex variable"; Amazon Digital Services LLC;
B0046ZRLBQ; https://www.amazon.com/Analysis-Function-
Variable-generalization-function-ebook/dp/B0046ZRLBQ.

2. Cassano CM (2010) “The Weighted Matrix Product / Weighted
Matrix Multiplication, with applications”; Amazon Digital
Services LLC, ASIN B00466H2ZU.

3. Cassano CM (2018) "The d’ Alembertian operator and Maxwell’s
equations"; J Mod Appl Phys 2: 26-28.

4. Maxwell’s equations, https://en.wikipedia.org/w/index.
php?titleMaxwell%27s_equations&oldid899755314.

5. Maxwell’s equations, eceweb1.rutgers.edu/~orfanidi/ewa/ch01.
pdf.

6. Maxwell’s equations, uspas.fnal.gov/materials/180DU/2L.%20
Maxwell’s Equations.pdf.

7. Kovetz, Attay (2000) "Electromagnetic Theory"; Oxford
University Press; Inc.; New York.

8. Cassano CM; https://www.dnatube.com/video/6877/A-
Helmholtzian-operator-and-electromagneticnuclear-field.

9. Cassano CM (2019) The helmholtzian operator and maxwell-
cassano equations of an electromagnetic nuclear Field.
Edelweiss Appli Sci Tech 3: 08-18.

10. Dirac equation, https://en.wikipedia.org/w/index.

11.
12.

13.
14.

15.

19.

20.

21.

22.

23.

24,

25.

26.

php?titleDirac_equation&oldid899864210

The Dirac Equation, home.thep.lu.se/~larsg/Site/Dirac.pdf.
Ryder, Lewis H (2008) Quantum Field Theory, 2™ Ed;
Cambridge University Press, Cambridge, UK,

ISBN 978-0521-74909-1.

Klein—Gordon equation, https://en.wikipedia.
org/w/index.php?titleKlein%E2%80%93Gordon
equation&oldid898873931.

The Klein-Gordon Equation, bohr.physics.berkeley.edu/
classes/221/1112/notes/kleing.pdf.

. List of mesons, https://en.wikipedia.org/w/index.php?titleList

of mesons&oldid898452747.

. List of baryons, https://en.wikipedia.org/w/index.php?titleList

of baryons&oldid887720189.

. Cassano CM (2018) The d’ Alembertian operator and Maxwell’s

equations. ] Mod Appl Phys 2: 26-28.

Yukawa potential, https://en.wikipedia.org/w/index.
php?titleYukawa potential&oldid897710367.

Circle group, https://en.wikipedia.org/w/index.php?titleCircle
group&oldid888199224.

Unitary group, https://en.wikipedia.org/w/index.
php?titleUnitary group&oldid835920996.

Special unitary group, https://en.wikipedia.org/w/index.
php?titleSpecial unitary group&oldid895674160.
Orthogonal group, https://en.wikipedia.org/w/index.
php?titleOrthogonal group&oldid897095464.

Orthogonal matrix, https://en.wikipedia.org/w/index.
php?titleOrthogonal matrix&oldid900521182.

Special unitary group, https://en.wikipedia.org/w/index.
php?titleSpecial unitary group&oldid895674160.
Invertible matrix, https://en.wikipedia.org/w/index.
php?titlelnvertible matrix&oldid902456330.

Copyright: ©2019 Claude Michael Cassano. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Adv Theo Comp Phy, 2019

www.opastonline.com

Volume 2 | Issue 3 | 11 of 11


https://www.opastonline.com/

