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Abstract

A grand unification of electroweak and strong forces is presented based on a new idea called Unified Charged
Vectors. Using this new concept, it is shown that:

1. The electroweak and strong forces can be unified into a single electro-weak-strong force.

2. The various charges and coupling constants of fermions (like the electroweak mixing angle) can be
predicted, rather than presupposed.

3. The Lagrangian symmetries can be predicted rather than presupposed.

4. The standard model Lagrangian can be cast into a simple unified form.
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1. Introduction

1.1. Unified Charge Vectors

To understand the basic idea behind UCV theory, let us begin by considering two electrically charged particles
with charges g% and q?, located at a distance r from each other. The electric potential energy between these
two particles is given by the following familiar equation:

2

a e
E =—q%"? h def dh=c=1 1.1-1
rq q where « yrs an c ( )

UCV theory is based on the idea of promoting the charges g and g? into four-dimensional vectors, denoted
by g and g7, and referred to as Unified Charge Vectors. It is essential to realize that these are not spacetime
four-vectors but rather vectors in an abstract four-dimensional Charge Space. This implies that charge vectors
are not affected by spacetime transformations of any sort (e.g., rotations).

Furthermore, the notation q actually stands for two different charge vectors for each particle, namely q and q.
We refer to these two charge vectors respectively as the Left & Right Charge Vectors of a particle.

With the help of the above charge vectors associated with each of the particles, we postulate that the total non-
gravitational (i.e., electro-weak-strong) classical potential energy between any two particles is given by:

0,’1 — — —, —
E=—3(a"a"+q*-q") (1.1-2)

(Strictly speaking, equation (1.1-2) cannot possibly describe the weak potential correctly for the simple reason
that the weak potential decays exponentially. However, this turns out to be a minor issue that we shall easily
fix later on in (3.1-6), and so for the purpose of this introduction, it can safely be ignored.)

Equation (1.1-2) expresses the interaction between any two particles as a function of the dot product of their
corresponding left and right unified charge vectors. This suggests the appealing idea that the only difference
between the various fermions is their mass and their charge vector orientation.

In particular, every orientation of the charge vectors defines a new type of fermion, and so theoretically, there
should exist infinitely many kinds of fermions. Since this stands in contradiction to observations, we further
postulate that the unified charge vectors have to satisfy some Charge Quantization Law that will restrict the
possible values they can obtain. As it turns out, such a charge quantization law can neatly be formulated as
follows:

P ~ 29 -8 50 - ﬁ:{S) 8
q <\/§9C 4-eCeS '\/§

The specific details of this equation are the subject of the next chapter. As we shall see, it encapsulates the
standard model of elementary particles in a fantastically compact form.
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2. Unified Charge Vectors

In this chapter, we present the fermions charge quantization law and use it to derive the various fermions types.
We then proceed to develop the concepts of the electroweak and strong charge planes.

Finally, we compute the charge vectors of each of the fermions types.
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2.1. The Fundamental Law of Fermions
UCV theory is based on the following Fundamental Law of Fermions, according to which:

Every fermion is characterized by two four-dimensional Unified Charge Vectors, q and q, satisfying the
following Fermions Charge Quantization Law:

(-8 s,—Ts\ s
q=12 + — = (2.1-1)
q <\/§ec 49C95 ) '\/§

Where:

e The upper arrows in (2.1-1) do not represent vector notation but instead denote a distinction between left
and right entities. Hence, we write:

> o

q = [70,71,72,q3] and q ¥ [qo,G1, G2, Gs] or collectively q £ [qo, Gy, G2, G5] (2.1-2)

e The vector s is referred to as the Signature of q, and each of its elements can independently obtain either
the value +1 or —1. Hence, we have:
8 ¥ [8g,81,82,83] = [£1,+1,+1, +1] (2.1-3)

We also define the left and right Total Signature Products as follows:

s & —80818,83 and Ils & 8)8,8,83 (2.1-4)

e The vectors Z and Zg are defined as follows:

- 5 ~ ol Zoar 1
2o 0. Z+6A ; 1< 5[1,1,1,1] ; A E[—B,l,l,l]
(2.1-5)
0, & sin(0) ; 6. & cos(0)

Where 6 is a constant called the Electroweak Mixing Angle and is computed later on in (4.5-34).
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2.2. Fermions Types

Equation (2.1-1) implies that the two charge vectors q can be fully determined by the signature .8, defined in
(2.1-3).

Since 8 is composed out of four components, each of which can independently obtain only the value +1 or
—1, we conclude that there exist exactly 2* (i.e., 16) different signatures, and hence at most 16 different charge
vectors.

Fermions that share the same signature (and hence the same charge vectors) are said to be of the same type.
Such fermions can only differ in their mass (e.g., electrons and muons) and are said to belong to a different
Generation within that same type. Hence, by definition, all generations of a given type share precisely the
same charge vectors and differ in their mass only.

The following table lists all the possible fermions types and provides a name, a symbol, and a coloring
mnemonic to each. It is essential to emphasize that the term “Dark” below has absolutely nothing to do with
the notion of dark-matter discussed in cosmology.

# Fermions Type Symbol | Signature Fermions Type Symbol | Signature
1 | Dark Neutrinos qY ++++ Bright Anti-Neutrinos ‘ﬁ’v -
2 | Dark Red Quarks q" +4+—- Bright Anti Red Quarks T 13
3 | Dark Green Quarks q + -+ - Bright Anti Green Quarks ‘a’g —+—+
4 | Dark Blue Quarks q° +——+ Bright Anti Blue Quarks ﬁ’ — 4+ -
5 | Bright Electrons q¢ —+++ Dark Anti-Electrons ﬁ’e +—-—=
6 | Bright Red Quarks qr e Dark Anti Red Quarks ﬁ’R +—++
7 | Bright Green Quarks qc e Dark Anti Green Quarks ﬁ’G ++—+
8 | Bright Blue Quarks q° —-———+ Dark Anti Blue Quarks q® +++ -
Fermions types (2.2-1)

Table (2.2-1) has on its left side all the so-called Positive Signatures (defined by having 88,85 = +1) and
on its right side all the Negative Signatures, or Anti-Signatures (defined by having 8,.8,8; = —1). We shall
say that two fermions are of the same Breed if they have the same or the opposite signature.

In addition to that, the table assigns to s, 8,, and 83, respectively, the colors Red, Green, and Blue. This
allows us to refer to Neutrinos and Electrons as Colorless since they contain a uniform mix of red, green, and
blue.

On the other hand, quarks are Colored and are arranged in four sets of three types each. As we shall see, Dark

Quarks correspond to the up/charm/top quarks type, while the Bright Quarks correspond to the
down/strange/bottom quarks type.
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The terms Dark & Bright refer to the sign of 8,, where s, = +1 is referred to as Dark, and s, = —1 as
Bright. The metaphor here is that .5, acts as a “Dark Mask”, so its sign can turn a fermion brighter or darker.
This is why the anti of a dark signature is bright, and vice versa.

It is easy to see that every bright type has a corresponding dark type obtained by flipping the sign of .s,. The
following table lists this bright-dark correspondence:

Bright — Dark

(c_l’e—f(_l"’ ‘a’v_)‘a’e
-4 | Tt

q°-d | 5= -7q°

-4 9" -7

Bright-Dark Correspondence (2.2-2)

As we shall see, Bright-Dark correspondence lies at the heart of what is known as Weak-Interactions. For
example, the so-called Beta-Decay, which consists of a down-quark turning into an up-quark while emitting
a W7, is nothing but the process of Dimming a quark, i.e., turning it from bright to dark, where the extra
brightness is carried away by the W~ which later decays into a bright electron and a bright anti-neutrino.

This leads to the realization that weak interactions are better described as Brightness-Interactions since they
change fermions’ brightness. Likewise, beta-decay is better described as Quark-Dimming.

We shall develop the full theory of fermions interactions in the next chapter.
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2.3. The Electroweak Charge Plane

The charge vectors g can be written as the following linear combination:

3
a = Z ﬁa(_)a &ef ﬁOHO + ﬁl(_)l + ﬁz(_)z + ﬁ3H3 (23'1)
a=0
Where:
]’j()dzﬂ[liii]rﬁldéf[;l;)]rﬁzdéf ;;1]!53déf ;!!1] (23-2)

If we refer to the four vectors Dy, D,, D,, D5 as Charge Directions, then (2.3-1) simply expresses the fact that
@, is just the length of the component of g along the D,, charge direction.

It is easy to see that Dy, D;, D, D5 are orthonormal to each other, i.e.,

5 .8 _ w (1 whenn=m ]
Dy D = 8y = {O whenn #m (2.3-3)
So:

3
ﬁn ’ ((_l) = Z ﬁn ’ (ﬁaaa) = a)n (2.3-4)
a=0

Hence, Dy, D,, D,, D5 can serve as a basis for the linear space of all charge vectors. Surely there is nothing
special about this particular basis. Indeed, we may choose any other orthonormal basis X,,X;,X,, X, and
have:

3
q= Z Xqqx, where Gy <X, q (2.3-5)

We can then refer to G as the charge component along the X,, charge direction.

Having realized that, we take a second look at equation (2.1-1) and notice that it is making use of the charge
directions defined in (2.1-5), i.e.,

7 s %[1,1,1,1] ;A %[—3,1,1,1] ; Zo20.2+06A

(2.3-6)
0, & sin(0) ; 6. ¥ cos(0)
A quick computation shows us that Z and A are orthonormal to each other, i.e.,
Z-Z=A-A=1 and Z-A=0 (2.3-7)
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The relations between the three vectors Zy, Z, and A, are best explained by the following diagram:

=

l1&

N
D

N

The relations between Z, 4 and Z,, 4, (2.3-8)

As we can see, Zg is simply the rotation of the vector Z by an angle 8 in the plane spanned by Z and A. This
suggests the use of another vector, Ay, which is obtained by rotating A by the same angle 6. We therefore

have:
[Ble 120 = [0 o] [3] = 0cA 0,2 (23-9)
wil ™ |Z, 0s  61ZI [8,A+6.2

The use of the symbols B and W to represent A, and Zg is done for traditional reasons.

Multiplying (2.3-9) from the left by [_e

0 .
C S .
0, ec], we obtain:

[i‘] = [ Oc es] ‘E] = |OsW+OcB (2.3-10)
Z] 1-6s 6 0.W —6,B
Using (2.3-5), we define the charge components along the Z, A, B, and W directions, as follows:

9, 9Z2q ; G A ; qg®B-q ; Qu¥W-q (2.3-11)
Since by (2.3-9) we have B = 8.A — 8,Z and W = 0,A + 6.Z , we conclude that:

G =6c4a — 085Gz 5 quw = 05qs +6.qz (2.3-12)

Here is the terminology that goes with these entities. We shall refer to Z as the Weak Charge Direction, and
hence to @, as the Weak Charge. On the other hand, A will be referred to as the Electric Charge Direction,
and hence @, is the Electric Charge.
This suggests we should refer to the entire 2-dimensional charge space spanned by Z and A as the Electroweak
Charge Plane. Since B and W are a mixture of Z and A, they will be referred to collectively as the

Electroweak Directions, and so qg and g, are called collectively Electroweak Charges.

The quantity 6,q,, is referred to as the Weak Isospin, however, UCV theory does not make any use of it.
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We recall that the charge quantization law (2.1-1) requires that:

PN ~ Ze 8 450 - ﬁé) 8
=17 + - (2.3-13)
q ('\/gec 49C95 ﬁ

Substituting this in (2.3-11), and using the factthat Z-Z = 1, and W = Z, = 8,A + 8.Z, we conclude that:

g

W-s 50—ﬁ5> Z-s 0,A 8 s,—1ls

+ = + (2.3-14)
V36, 406 NE) V36, 40,64

a’z efz.‘(_l’z (22)(
However, since by (2.1-4) I1s # I1s, we conclude that:
q, # Gy (2.3-15)

That is to say, the left and right charge vectors do not agree on their charge components along the Z-direction.

Next, we compute 7. Using the fact that A - Z = 0, we conclude that:

- _ (W-s s,—Tls\ A-s A-s
7. “A.-g=(A-7 + — = — (2.3-16)
nEhd=(A17) (@ec 46,6, > B3
In particular, we notice that:
gIA = EI)A (2.3-17)

That is to say, the left and right charge vectors share the same electric component. This allows us to drop the
upper arrows notation for g, and simply write g, without any risk of ambiguity.
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2.4. The Strong Charge Plane

Since the charge space is 4-dimensional, we conclude that in addition to Z and A, there must exist two more
charge directions orthogonal both to each other and to the electroweak charge plane.

We shall refer to the charge plane orthogonal to the electroweak charge plane as the Strong Charge Plane.
As in the case of the electroweak plane, we can choose any two arbitrary orthonormal vectors to serve as its
basis.

While it is entirely possible to develop the theory of strong charges using only two orthonormal strong
directions, the resulting equations obtain an artificially cumbersome form. As will become apparent later on
when we discuss quarks, it will prove useful to use three strong directions rather than two. Since three vectors
lying on a plane cannot possibly be orthogonal to each other, the best we can do is orient them evenly with a
120° angle between each other, as shown in the following diagram:

The three strong directions S,,S,, S, (2.4-1)

Care must be taken not to apply a 3D interpretation to this diagram and mistakenly think that these three vectors
are orthogonal to each other in some 3-dimensional space. It is important to remember that we are dealing with
three vectors lying on a 2-dimensional plane, with a 120° angle between each other.

As the diagram's colors suggest, we refer to these three strong directions as, Red, Green, and Blue, and denote
them respectively by §,, S, and S,. Here is the definition of this strong triplet of vectors which we will use:

§ —=§re g _ . § =§ger 1rgq — . § —=Gbar 1 - -
SI‘ s _\/6[0’ 2;1;1] ] Sg S _\/6[0’1’ 2'1] ] Sb S _\/6[0’1,1, 2] (24 2)

The reader is advised to take the time to verify that the above strong charge directions are indeed orthogonal
to the electroweak plane, i.e., that:

PN

S.'Z=S.-A=0 forc€{rgb} (2.4-3)

Since S, §g, and S, are linearly dependent, we can form a linear combination of them that vanishes. Indeed,
we have:
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S;+S,+S,=0 (2.4-4)

Computing the dot product of the strong vectors, we get:

~ PN ~

S:-8,=8,-8,=8,-5,=1 and §,-8,=5,-§,=5,-5, = — = cos(120°)  (2.4-5)

That is to say, the projection of each of the vectors S, §g, and S, on the others is negative, as can clearly be
seen in figure (2.4-1). As we shall see, when we investigate particle interactions, the fact that the dot product
of any two of the strong charge vectors is negative has a profound implication in the form of quarks attraction,
enabling the existence of the proton.

Using the fact that S - Z = 0, we compute the strong charges to be:

~

o e a2y 8 50—ﬁ5> S.' 3 S.- 38
e S.-q=(S."Z + — =— forc € {r,g,b (2.4-6)
qC C q ( C )<\/§ec 4eces \/§ \/§ { g }
As in the case of the electric charge, we see that:
EIC = C_I)c (2-4'7)

And so, we can unambiguously drop the upper arrow notation and simply write q.. We shall refer to q,, q,,
and gqy,, respectively, as the Red, Green, and Blue Strong Charges.
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Though the three directions S7, S, and S® result in simplified equations, we shall also need later on to make
use of some two orthogonal directions in the strong plane. Any two such directions will do the job, so we take

the liberty to set them arbitrarily as follows:
Ll def Q A ar 178D Q
G'=S" and G~ = J_g(s — §¢) (2.4-8)

The following diagram depicts the relations between these five directions:

/\'__1 /\b_f\
G _Tg(s Se)

SP = —5in(30°)G* + cos(30°)G"

—sin(30°)G* — cos(30°)G" = §¢

The five strong directions G*, G-, ", §¢, 8P (2.4-9)
This implies that:
~ o~ o~ 1, . A A PO ~ o~
GG =1; G -G =2(S"-8"—28" -85 +88-85) =1 ; GG =0 (2.4-10)
And:
GL-§r +} GF-Sr \(/)§
G-S2|=|"zZ| and |G--S2|=|"7Z (2.4-11)
GL.&b _1 G- .¢eb V3
G--S : Gr-S _
Hence:
§r1 [§T-G §- G 2] rop
Se[=|8% - G+|G+ |82 -G |G = |-1|G +2|-1|G" (2.4-12)
sh Sh. Gt SP - G -1 +1
-2 ~
Gt
ST V3
V3 14 A
S8 =— ——G' -G~ -
S ol 72 e (2.4-13)
_1a., Ar
i \/§G + G

Equation (2.4-13) will prove extremely useful later on when we compute the unified Lagrangian.
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2.5. Anti-Particles

In this section, we want to develop the relation between the charge vectors of particles and anti-particles.
We recall that by table (2.2-1), the relation between the signatures of anti-particles and particles is given by:
3=—s5 so s=1Is (2.5-1)

Substituting this in the charge quantization equation, we obtain the following result:

_(W-3 35,-15\ 3 _(W-s s,+10s 8
=7 + -—=—|Z + -— (2.5-2)
V30, 466 V3 V30, 468 V3

=Ty

Using the fact that [1s = —Tls, we can rewrite (2.5-2) as follows:

- (W-s s,—Tls\ 8

——_(z N _3 )\ g (2.5-3)
. ( <\/§ec 46(365 ) \/§> 1

~ _(W-s s,—11s\ 8

i=-(2 + ~Z)=—g (2.5-4)
a ( <\/§ec 46(365 ) \/§> E

That is to say, to obtain the charge vectors of an anti-particle, we have to reverse the signature, as well as flip
between left and right.
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2.6. The Neutrinos
Row #1 in table (2.2-1) tells us that neutrinos’ signature satisfies:

8V ¥ [1,1,1,1] so s¢=1 and 15" =—1 and [ls’ =1 (2.6-1)
We also have:

8 =272 so Z-83V=2and A-8"=0and S.- 8" =0

(2.6-2)
so W-8" = (0;A+0.Z) 8" =20,
Computing the weak charges, we conclude that for neutrinos, we have:
g _z.(7 W-5V+50—ﬁ5" 8\ 1
4z = qQ = \/§ec 4eces \/§ - Zeces (26-3)
. (L (W8 sy—Tls\ &Y
Gy e 72-q' =212 + >——>=0 (2.6-4)
qZ q ( < \/§6C 4-eCeS \/§
And for the electric and strong charges, we have:
~ (W8 50—ﬁ4sv> 5")
Vel A.qV=A-(Z + —— ] = (26-5)
a= a2 ( <\/§ec 108, ) V3
W-s¥ g,—1s"\ &
ver§ .gv=S5 .7 + 0 >_—>=0 (2.6-6)
qC C q C < ( \/’gec 46(:65 \/’5—)
Hence, we conclude that neutrinos carry weak charge only. Using (2.3-12), we compute:
<V <V <V 1 -~V e =4
qp = 0c01 —05q7 = 0. and qg =6c4, — 0597 =0 (2.6-7)
C
<V <V <V 1 2% >V 2%
Gw = 0sq4 +6cq7 = 20. and Gy =054, +6.G; =0 (2.6-8)
S
Hence, we conclude that:
yA B W
q’ = - _ +— (2.6-9)
206 20, 26
q’'=0 (2.6-10)
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2.7. The Electrons
Row #5 in table (2.2-1) tells us that Electrons’ signature satisfies:

€ def

We also have:

doi:10.20944/

e [-1,1,1,1] so s&=—-1 and [1s°=1 and Ts¢ = -1

8 =2Z+V3A so Z-5°=1and A-5°=+/3 and S.- 5° =

so W-5°=(0,A+6.Z) 8 =0,V3+0,

Computing the weak charge, we conclude that for electrons, we have:

. <A(W-ae 5O—ﬁse> 59)

-2 + -—=
V36, 4065 V3

—e defz _’6_2 <2(W.56+60_ﬁ58> 5e>_
qZ - q \/§ec 4eces \/§

And for the electric and strong charges, we have:

=%

efz

.ae

Se
4z

¢ A.5e - A <2(W-se L% —ﬁs") 8°
a="2d V30, 48,8, ) V3
edr § .ge =8 (Z<W'5e+,§0—ﬁﬁv>
qC - C q C \/§ec 4eces

56

V3

)-o

Hence, we see that electrons carry electroweak charges only. Using (2.3-12), we compute:

f?f} = ecafl - 95675 ==

and (jg = ecc_l)fl - esﬁg = -5

O

20,
« < « 1 - - -
7% = 0505 + 0.0 = ~5. o Gy = 0545 +0.q; =0
S
Hence, we conclude that:

. 2(95 1 ) Ao B W
4= %\6, " 26,8, =720, 28,
do-22_a-_B
=%, 777 e,
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2.8. The Dark Quarks

Row #2 in table (2.2-1) tells us that Dark Red Quarks’ signature satisfies:

8" ¥ [1,1,-1,—-1] so 83=1 and s’

=—1 and Ts"' =1

(2.8-1)
We also have:
2 . 2V2 . _ 2 R 2V2
8'=——A—-—=S5, so Z-8"=0and A-8"=—— and S, 8" = ——
VERE V3
(2.8-2)
e oy 26
and W-38" = (0,A+6.Z)- 8" = 5
Computing the weak charges, we see that for dark red quarks, we have:
erdefz <—r_2 Z W.5F+50_ﬁ5r 8" _ 295+ 1
qz; = q - \/§ec 4eces \/§ - 39C Zeces (28'3)
- [ (W 8 sy—Ts"\ & 20
[j;dzefZ'ﬁ)r=Z-<Z( +20 >__>:__S (2.8-4)
V30, 468, ) V3] 36
And for the electric and strong charges, we have:
- (W8 50—ﬁ5r> 5r> 2
rdzefA_‘—’rzA. VA + —_— ] == (28-5)
=2 ( <x/§ec 400, ) V3) 3
. o (L (W-8" s, —Ts"\ & 242
q?%sr-‘ﬁr=sr-(z< + =2 )——)=— (2.8-6)
V30, 466 V3 3
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We, therefore, see that dark-quarks carry electroweak and strong charges. Using (2.3-12), we compute:

or _ ST _Q 50 — = ST A —
qp = 0cqy —05q7 60, and g =60cq, — 065G 30, (2.8-7)

and @y =05, +0.9;, =0 (2.8-8)

1 200 2 22.. B W 2V2_
ac = — A4+ _—_——§c= e 2.8-9
1 (zeces 3ec) TAztT 60, " 20, 3 (2.8-9)
220, 2 242, 2B 2V2.
a¢ = -7 A4+ 8§ = —__~g§¢ 2.8-10
1 30, 1313 30. T 3 (2.8-10)
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2.9. The Bright Quarks
Row #6 in table (2.2-1) tells us that bright red quarks’ signature satisfies:
SR [-1,41,-1,-1] so s8=-1 and [1sR =1 and TsR=-1 (2.9-1)

Where capital color latter (e.g., R) indicates a bright quark. We also have:

1 22, R _ 1 R 2V2
s8R=-Z+—A——8R 50 Z-8"=—1and A- 8" =— and S, - 8" = ——
NERNE V3 V3
(2.9-2)
0
and W-s8=(0,A+6.Z)-88=—-9
( S C ) \/§ [
Computing the weak charges, we get for bright red quarks:
‘Rasg.5R=7.(7 W'5R+50_ﬁ5R 8 6 1
1z =44 V30, 46,6, ) V3 36, 206, (2.9-3)
- _ [ (W-8R s, —TisR) s 0
ﬁ?d:fz-ﬁR=z-<z( 420 )——)=—S (29-4)
V36, 40,6, V3 30,
And for the electric and strong charges, we have:
W-sR s, — s &8 1
Rdzef[\,HRzg.(z< +20 > _>=__ (2.9-5)
a=nd V36, | 400, ) \3) 3
. W-sR s, —Ts®\ s8R\ 2v2
Rd_efg,est.(z< L% >__>=_ (2.9-6)
Qr r q r \/§ec 4eces ‘\/g 3
Hence, we see that bright quarks carry electroweak and strong charges. Using (2.3-12), we compulte:
QR = 0.8~ 0F = and  GR = 0.3} — 0,68 = —
B c1A s“z 66C B c1A s1Z 39C (29_7)
<R <R r_ 1 > ~R >
Gw =8sqx +0cq7 = 5= and  qw = 8544 +0c47 =0 (2.9-8)
S
We thus conclude that:
) 1 1 2v2,., B W 2V2_
—C = S A C c
= — —-A-—4+—8=———4+—8§ 2.9-9
q (3ec zeces> 3773 60. 20, 3 (2.9-9)
L6, 1 2v2, B 2V2._
=72 _R-42¥%Gc— _ iy v 2.9-10
A" =135 ~A31 3 30. T 3 (2.9-10)
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2.10. Summary

Let us recap what we have computed in the last four sections. For neutrinos and dark quarks, we have:

9 = 28,0, 9
1 205\. 2. 2V2. 20, 2. 22
—r S r Ar S r
= ~2S)7 42RO +2f§ =-2572 +ZR +22°8
1 (zesec 3ec) t3A +5S 1 36, 3 3 101
_ 1 20\. 2. 2V2. . 20, 2. 22 '
@ =) t3A t3 S @ =gl +3A 48
svYcC C C
1 20 2. 2V2 20, 2. 22
<b _ S\# b =b _ S b
= —Z5)7 4R +2Zs - iy W A |
1 (zesec 396) T34 T3 1 0.~ T3% T3
And for electrons and bright quarks:
-1 0 0
g = %)z & G = 23 _A
9 <zesec + ec) 4 0.
0 1 1. 22 0 1. 2v2.
<R S Ay r =R S 75 r
= (= - 7 —-A +2°§ =-57 —2A +2=°%
9 <3ec zesec) 3 3 T =34, 3h T3 2.102)
g6 :(E_ L )2 _1g 2, ¢ =g _1z L2, |
36, 26,6, 3 3 ’ 30, 3 3
0 1 1 2V2 O, . 1. 242
B s 7 N b GB s b
= (= - 7 —-A +2°§° =37 --A +2%§
1 (3ec zesec) 3 3 T T3, 73 3
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Alternatively, using the relations A = 6;W + 6,.B and Z = 6. W — 8B, we have for neutrinos and dark

quarks:
e 1
¥ =—B +—W g = 0
T =728, 26, q
ﬁr _i" +LW _Zﬁgr ; ar _iﬁ _Zﬁgr
60, 20, 3 30, 3 2103
=B W 2% g =B 42l .
T =%, 20, 3 T
ab_1A+1W zx/igl),al)_zﬁ 2\/§§b
60, 20, 3 30, 3
Likewise, for electrons and bright quarks, we have:
© =B +w G =_'B
T =2, 20, Y
aR —LA +__1W Zﬁ’s‘r . aR =__1A +2\/§§r
60, 20, 3 360, 3 (2.10-4)
o —Lp +tw +22s g —Zlg 22 |
T T %, 26, 3 T 3
G = ls 1o zﬁgb L g I O +2\/§§b
60, 20, 3 30, 3
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This motivates us to define the Matrix Composition Operator o as follows:

(2.10-5)
a aX a
Xo b . der bX % as opposed to X b . & [aXo, bXy, Xy, dX;]
d dX d
So, we can now rewrite (2.10-3) and (2.10-4) in matrix form, as follows:
(2.10-6)
- -1
q’ ~ 1 o 0
‘ql‘ B 3 wW 1 2\/’? ST
— = o + ° + = cg
q® 20, > 20, 1 3 l S |
q° 1 1 gb
q [ §J
And:
(2.10-7)
o -1
q° ~ 1 Rt 0
qQ° 26, 3 20, 1 3 | 3¢ J
Q8 1 1 gh
q [ §J
And:
av 2 0
q" B 3 2420 8
q T8 % t- ge (2.10-8)
q° 2 sb
3
And:
ae 1 ) 0
—>R = —_ r
q B 3 242 S
70" ! = g 2.10-9
EiG B¢ 3 " 3 ¢ - ( )
EiB Sb

W[k
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We can greatly simplify the above equations by defining the following constant matrices:

-1
1 1
3 1
T 1 and 1% 1 (2.10-10)
3
1 1
So:
1
2 1
3 1 3 1
2 =-A+3T) and 1 =-01-3) (2.10-11)
2 1
| 3 | 3
We can now rewrite (2.10-6) and (2.10-7) as follows:
q’ 0
q _ B w 242|087
[ L l BECERAET N (I (21049
| avl §P
[a° ] 5 0 ! |
<—R D Ty, r
q B w 2v2[0 S
‘(_lG = Z—GCOZ—Z—GSO I +T gg (210-13)
L $°
Likewise, (2.10-8) and (2.10-9) become:
q’ 0
q° _ B B 2v/2|0 ST
4¢ 26, T+ 76, I+ = ge (2.10-14)
@ $°
q° 0
—)R D r
q B B 2v2[0 S
i 0| 28 T 20,7t 3 S¢ (2.10-15)
e $°

These equations will prove extremely useful when we construct the unified Lagrangian.
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3. Fermions Interactions

In this chapter, we investigate fermions interactions.

We begin by considering the classical static potential between two charged particles and derive the concepts
of unified-charge-force and potential-bosons.

We then investigate fermions annihilation processes and derive the bosons periodic table.

Page 24


https://doi.org/10.20944/preprints202105.0676.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2021 doi:10.20944/preprints202105.0676.v1

3.1. The Unified Charge Force

In this section, we want to develop the concept of the unified charge force. Let us begin by considering the
equation for the classical electrostatic force between two particles carrying electric charges g and g®. In this
case, the force is given by:

OE a e?
— — _anb def =c= 3.1-1
F ar where E —a%q and « dmeghe and h=c=1 ( )

That is to say, the force is obtained by differentiating the potential energy of the two particles, where r is the
distance between them.

Next, we promote g% and g? to charge vectors g¢ and g?, and rewrite (3.1-1) as follows:

JOE 1,0 = o A oy
= —— == =— . 3.1-2
F e where E 2(E + E) and E - (q q ) ( )

This equation suggests a grand unification of all the different forces resulting from the various charge
components of . However, (3.1-2) has two issues we need to address. The first has to do with the weak force,
and the second with anti-particles.

To understand the problem with the weak force, we first recall that we can express q as follows:

q=9,Z+q,A+q.S° cef{rgh} (3.1-3)

Substituting this in (3.1-2), and using the orthonormality of Z, A and S¢, we obtain:
E=—(q"-q") =—(q5a2) + —(a4ah) + - (ala? (3.1-4)

We can see that due to the orthogonality of Z,A and S¢, each of the charge components of ¢ interacts
separately with the corresponding component in g” — as indeed they should.

The problem is that the weak force generated by the weak charges G¢ and G2 is supposed to decay
exponentially. That is to say; we should have:

- e—mzr
EZ =

- «(q%qh) rather than E; = g(ﬁ’gﬁ’g) (3.1-5)

Where m,, is some positive constant that ensures the decay of the weak force. This suggests that we reformulate
(3.1-4) as follows:

B o g(a’a G+ (e — 1)(2-§%) (2 ‘71”)) (3.1-6)
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To convince ourselves that the issue is resolved, we recall that §, = Z - q, and write:

P [P VPN _ SINDIN
E=—((a5a) + (a%a%) + (ata?) + (e — 1)(q¥a?))

(3.1-7)
a €€
=~ (e (agd2) + (a5a%) + (ata?))

So, all is well now. Notice that for small enough distances, we have e ~™2" — 1 =~ 0, and we thus recover back
(3.1-4).

As an example, let us consider the classical unified force between dark red and green quarks. We recall that
by (2.8-9) and (2.8-10), the unified charge vectors of dark quarks are given by:

1 20,
20.0, 36,

2 22, . .20, 2
>+A§+TSC and qC:—Z—S+A§+

3.1-8
30, (3.1-8)

_ 2V2
aC:Z( —3 SC

We also recall that by (2.4-5), we have §* - §8 = — % Plugging this in equation (3.1-7), we obtain the following
potential energies between the two quarks:

=i ) 6 (05
8= 2(emme (g_gi)ﬁ(g)z_;(gﬁ)z) @110

Hence, the total unified potential energy is given by:

2
e o afe ™ 1 zes)2 (zes)2 (2)2 1/2V2
wr 1 _a _25% s 2y (222 3.1-11
B (E+E) r( 2 (<zeces 38.) "\38.) )T3) T2\73 N
J

\

)\
Y Y
Electroweak Repulsion Strong Attraction

We, therefore, see that red and green quarks repel each other via the weak and electric forces but attract each
other via the strong force. Notice that this attraction is a direct consequence of the relation §™ - §2 = — % which

results from the fact that the three strong charge direction §*, S, and S” share a 2-dimensional charge plane,
and hence have a negative projection on each other, as can be seen in diagram (2.4-1).

We also notice that the strong attraction between two quarks of different colors has half the strength of the
repulsion strength between two quarks of the same color. This result is in perfect agreement with QCD.
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It is also interesting to note that the strong attraction between two dark quarks is not strong at all. In fact, it
precisely balances the electric repulsion between them. Indeed, by (3.1-11) we see that the total electric and
strong potential between two dark quarks of different colors is given by:

= (6 5(5) )= 16-5)-

Hence, apart from weak repulsion, dark quarks do not exert any other net force on each other. This is also in
perfect agreement with QCD asymptotic freedom, according to which the strong force becomes strong due to
guantum screening effects, and not due to a large classical coupling constant.

Next, we consider the classical unified charge force between a particle and an anti-particle. We recall that by
(2.5-3) and (2.5-4), we have:

a = —(_1) and ﬁ) = —a (31-13)
Hence, in this case (3.1-6) should have the form:
E= g(aa G+ (e - 1)(2- 99)(2-T?)) (3.1-14)
And:
— a — 2 ~ P
E=—(de "+ (e - 1)(2-9%)(2- ) (3.1-15)

That is to say, the directions in (3.1-6) should be reversed for anti-particles.
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3.2. Potential Bosons

Recall that in (3.1-7) we had:

> a s ? hosd

B == (e (@) + (aha) + (afa?)) (32:1)
We also have:

4:=2q ; 94=A'q ; 4:=S.q (32-2)

E=E, +E, +E (3.2-3)
Where:

- e~ Mz" L o
B, = (Va2 ) (Vaz- q) (3:24)
o 1 - -
E, = - (\/EA . ﬁa)(\/&A . ab) (3.2-5)
=3 1 a ey & -
Eg = I (\/Esc ) qa)(\/asc ’ qb) (3.2-6)

We can associate the following three diagrams to the above three potential energy interactions:

‘c—l’a =a <(—l>a aa <(—l>a \/ ‘El’a
Ja(z-5) \A ) Ja(s. )

:<
ap =2

1 1 1
Z : A : Sr' Sgl Sb :
1 ! ~ ! a >
N'ﬁb) /%"qb) /ﬂ:'ﬂ
q’ q° q° q" q° q°
Time
Fermions interacting by “exchanging” Z, A and S potential bosons (3.2-7)

These diagrams describe the interaction between two fermions (via their potential energy) as an exchange of
“potential-particles”, to which we shall refer as Potential Bosons (i.e., bosons which mediate the potential
energy between particles). We denote these potential bosons by Z, A, S, S, S;,.

Hence, to get the left and right interaction strengths between, say, the electromagnetic-potential mediator
(better known as the Photon), and any fermion with charge vectors g, we simply have to compute \/E(f\ . ‘?1).
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3.3. Fermions Annihilation

Quantum Field Theory teaches us that the existence of fermions interactions diagrams (3.2-7) implies the
existence of corresponding Fermions Annihilation & Creation Diagrams, which can be obtained by rotating
the interaction diagrams by 90° counterclockwise, as follows:

2 @ @ @

=\ 3¢ a
V@ D)yt e @) Ve Ay VEE) V@ s Ve, 6)

g g g 1 e @
Time
Fermions annihilation & creation diagrams (3.3-1)

These diagrams describe the annihilation of a fermion/anti-fermion pair with charge vectors g* and @ into
any of the different potential bosons particles Z, A, S,, S, S;,. These bosons may then decay into a new pair of

fermion/anti-fermion pair, with charge vectors g? and q®.

Diagrams (3.3-1) imply that we can also refer to the potential bosons as Gateway Bosons, whereby that we
mean - bosons that can “take us” from one pair of fermions to a different pair. This immediately raises the
guestion regarding the possible existence of additional such gateway bosons which can take any fermion/anti-
fermion pair from different breeds and turn them into some other pair of fermion/anti-fermion, also from
different breeds. The following diagram depicts such general crossbreed reactions:

4

q° q

fd X <«
\/Ek)l(z 2 \/Ek%"*

1 H ‘:’3
Time q

Crossbreed fermions annihilation & creation (3.3-2)

Where Vaki?, Vaki?, Valkit, and Vak3* are, respectively, the left and right coupling coefficients that are
associated with these kinds of processes.

Since we now allow for the (q', q?) pair to be of different breeds, we refer to such processes as Crossbreed
Annihilations. The same, of course, goes for the outgoing pair (q*, q°).
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To guide us in the discovery of these possible crossbreed annihilation processes, we rely on a simple quantum
mechanical principle, according to which — “Anything that can happen, will indeed happen”, where, in our
case, “can happen” means:

Annihilation processes must involve a particle and an anti-particle. (3.3-3)
Annihilation processes must respect the unified charge conservation law. (3.3-4)

Restriction (3.3-3) eliminates annihilation processes that do not involve a fermion/anti-fermion pair, as
depicted below:

q
Time _-%
q°
Forbidden fermions annihilations (3.3-5)

This prevents the catastrophe of proton decay, proposed by various grand unification theories, which occur if
we allow bright-quarks to annihilate dark-quarks (rather than anti-dark-quarks). Hence, restriction (3.3-3)
keeps the protons safe and sound for the simple reason that protons do not contain anti-quarks.

Next, we consider restriction (3.3-4), which ensures charge conservation. To achieve that, we demand:

-q=q'-7 (3.3-6)

That is to say, the total charge vectors of the incoming particles must equal the total charge vectors of the
outgoing particles. We shall refer to (3.3-6) as the Unified Charge Conservation Law.
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We are now ready to discover all possible annihilation processes by using (2.10-3) and (2.10-4) and finding
all the double pairs of particles and anti-particles which respect the unified charge conservation law (3.3-6).
The result of this tedious work gives us the following Bosons Periodic Table.

cl c2 c3 c4 c5 c6 c7 c8

? | g | & | g | g | & | & | &
rl <(—]>v 7 wWHt wte W+B wt Tv gv bv
g | W' |AZS | G GO e wt er br
Bg | we| G® |AZS*| G % W b
rd <(—I>b W—b GFb ng A,Z,Sb €b b gb wt
r5 <(—1>e w- re ge be A Z wHt wte W+B
r6 | gR W gr bor | W |AZS'| G G
r7 | q¢ vg rg wW- bg w-e G'® | AZS:| gbe
18 | g® vb b gb w- w-b G™ GE> | AZSP

The bosons periodic table (3.3-7)

The structure of the bosons periodic table is rather simple. At the leftmost column (referred to as column #0),
we have the list of all fermions-types, where the first four are the dark types (i.e., neutrinos and dark quarks),
and the last four are the bright types (i.e., electrons and bright quarks). Likewise, the top row (referred to as
row #0) lists the anti-types in the same order.

Each table cell defines the boson generated by the annihilation of the two corresponding fermions in its row
and column. So, for instance, the boson located in (r5, c1) is denoted by W~. The fermions appearing at the
leftmost entry of row 5 are the electrons g€, and the anti-fermions at the top of column 1 are the anti-neutrinos

q". Hence, this cell describes the annihilation of an electron by an anti-neutrino producing a W~ boson with
total charge vectors q° — @, as depicted in the following diagram:

‘a’v
_Time - Vakgy--- W@ - a)
‘El’e
Electron/Anti-neutrino annihilation (3.3-8)
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Along the diagonal of the bosons periodic table, we recognize the potential bosons responsible for the
annihilation processes we have described in diagram (3.3-1). Due to the bosons periodic table structure, the
bosons located above the diagonal are the anti-particles of the bosons situated below it.

To understand in what sense is this table periodic, we notice that all the bosons marked by black can be found
in more than a single cell of the table, while those marked by gray occupy only a single cell. Hence, some
bosons repeat themselves, while others don’t. We refer to repeating bosons as Gateway Bosons, while
nonrepeating bosons are called Dead-end Bosons. Notice that the potential bosons which appear along the
diagonal are all gateway since each of them appears in more than one cell in the table.

To understand the difference between gateway and dead-end bosons, we refer back to diagram (3.3-2). As
discussed, this diagram describes the process of annihilation of the fermion G by an anti-fermion g2 into some
boson X, which then decays to a fermion g* and an anti-fermion g3.

Now, the bosons periodic table tells us that in order for both of these reactions to occur (i.e., annihilation
followed by creation), the X boson must appear both in the cell corresponding to (ﬁlﬁz), as well as in the
cell corresponding to (g% q°).

Hence, if X is a dead-end boson, then by definition, it appears in only one of these cells, which leads us to

conclude that g* = g* and @3 = q2. That is to say; dead-end bosons have nowhere to go but to disintegrate
back to exactly the same fermions which created them in the first place. Hence their name dead-end, meaning
leading nowhere.

On the other hand, if X is a gateway boson, then by definition, it appears in more than a single cell in the table,
and hence we may have g* # G* and/or @3 # q2. That is to say; gateway bosons can take us from one pair of
fermions to a different pair. Hence their name Gateway, meaning bosons that connect two different pairs (or
cells) in the bosons periodic table.

Notice that if we set @' = 2 and @3 = q*, we recover back the special case of inner-breed annihilation
depicted in (3.3-1), and X then becomes one of the potential bosons appearing in the bosons periodic table
diagonal.

Though dead-end bosons can only disintegrate back to the fermions which created them, they do play a role in
particle interactions. To see why, we rotate diagram (3.3-2) 90° clockwise and obtain the following
Crossbreed Interaction Diagram:

F1 >

o 2
q \/akg(z q

Time U %
1
7,34 o
e Va k3 q*
Crossbreed fermions interactions (3.3-9)
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Diagram (3.3-9) describes the process of g* decaying into g2 and X, which then reacts with g3 to form q*.
Or, equivalently, g3 decaying into g* and X, which then reacts with g* to form g2. Now, we have already seen

that if X is a dead-end boson, then we must have g* = g* and g3 = g2, which gives us this:

G Vak® ,q°

Time 1 X
o Va kg
q2 ql
Crossbreed dead-end bosons interactions (3.3-10)

Comparing (3.3-10) to (3.2-7), we see that dead-end bosons provide yet another channel through which two
fermions can interact.

Finally, we want to introduce the terminology associated with the various bosons appearing in the bosons
periodic table (3.3-7).

We are already familiar with the diagonal bosons, i.e., A,Z,S", S2,SP, which we have also referred to as
potential bosons. Since each of these bosons appears in more than a single cell, we conclude that they are all
gateway bosons.

The various G bosons appearing both in the upper-left and lower-right quarters are collectively referred to
as Gateway Gluons. Since they appear in both quarters, they are gateway. Their positions in the table imply
they interact with quarks only.

The three bosons W+T, W+8 W+P (and their anti-particles W~", W2, W~P) also appear both in the upper-left

and the lower-right quarters and are therefore also gateway. These are called Gateway Leptoquarks since

they interact both with quarks and leptons (i.e., neutrinos and electrons).

Similarly, the bosons W TV, WY bV yy+er yy+ee vy +€b (and their anti-particles W VT, W V&, W Vb,
re y-2e W bey are called Dead-End Leptoquarks.

Moving on to the upper-right and lower-left diagonals, we identify there the W* boson (and its anti-particle
W-). Again, since each of these bosons populates four different cells, they are clearly gateway. As an example
involving these bosons, we can mention the familiar beta decay facilitated by the W~.

Finally, we have the dead-end bosons W&, W br wbe e yw+Tb b |ocated in the upper-right
quarter, and their corresponding anti-particles in the lower-left quarter. We referred collectively to these
bosons as Dead-End Weak Gluons. Like gateway gluons, their positions in the table imply they interact with
quarks only.
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To understand why leptoquarks have escaped detection so far, we consider the following leptoquark/anti-
leptoquark pair production processes resulting from colliding protons. For the dead-end red leptoquarks, we
have:

Protons » W™ + W™ > (@" +q*) + (@ +§°) = (" +§°) + (" +q") (3311
Protons > W* + W™ - (§°+q") + (¢ +4°) = (@ +4) +(a° +4°) (3312

Both of these cases simply result in a stream of fermion/anti-fermion pairs. However, such fermions pairs can
be generated without leptoquarks and thus cannot serve as an indication for leptoquarks’ existence.

On the other hand, for the gateway red leptoquarks we may have something more interesting like this:
Protons > W*" + W™ - (@ +q") + (¢° + q*) = (¢° +§*) + (" + %) (3.3-13)
Protons > W*" + W™ - (g8 +§°) +(q" +q") = (@ +§") + (q* + §°) (3.3-14)
Here we do not have an outgoing stream of fermion/anti-fermion pairs, and one may suspect that this can serve
as an indication of some new process. Unfortunately, (3.3-13) and (3.3-14) are, respectively, completely
equivalent to the following two processes:
Protons » W+ W~ - (@ +@") + (q@" +q*) (3.3-15)
Protons » W* + W~ > (@ +§") + (q” + §°) (3.3-16)

Furthermore, as we shall prove in section 4.6, all the charged W bosons have precisely the same mass. Hence,
we conclude that (3.3-13) and (3.3-14) are indistinguishable from (3.3-15) and (3.3-16).

Thus, we have proved that trying to detect leptoquarks via pair production is a futile exercise, as indeed
confirmed experimentally.
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4. The Unified Lagrangian
In this chapter, we integrate all the results obtained so far and construct the unified Lagrangian.
We then compute various coupling constants, including the weak mixing angle 6.

Finally, we compute the masses of all the gauge bosons. In particular, we prove that all the W bosons appearing
in the bosons periodic table have precisely the same mass.
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4.1. The Unified Connections Fields

With the help of the bosons periodic table (3.3-7), we construct the following Unified Connections Fields:

(4.1-1)

FV Wt W+g W+B wt W+FV W+gv W+B\)'
w-r (l_))r Ggr GBr W+ér wt W+gr W+Br
W—g Gfg ‘I—,’ GBg W+eg W+Fg W+ W+Bg

‘F w 7 W—b Gfb ng (l_))b W+éb W+Fb W+gb wt

- na W- W—fe W_ge W—be (l_))e \Vazy W+g W+B

W—\_}r wW- W_gr W—br w-r (IS)R Ggr GEI‘
W LW LW W LW LG pe G
W—\_}b W—fb W_gb wW- W—b Gfb ng (1_))8

Where fn and Fn are two 8x8 matrices, each containing 64 spacetime-vectors, representing the various bosons-
fields. Since T, and Fn have the structure of a geometric connection field, we refer to them as the unified
connections fields. The symbols El, kZ,E},(Ia stand for various coupling coefficients, which we shall compute
later on. Along the diagonal, we have the potential bosons fields, denoted collectively by (13,’5. To construct the

exact definition of these fields, we refer back to (2.10-12) to (2.10-15) and set:

—

Py 0
ﬁrll. def Bn I Wn I _\/Z S;L (4 1 2)
pe =20, " 20, ' 3 Sn '
— Sb
PP n
Pe 0
PR w Brg Wa 2V2]0 S (4.1-3)
pe =20, 20, ' 3 Sy '
PE n
And
BY 0
B! B, B, 2v2|0 Sj
- o Dy Ty = 4.1-4
pE 20, - T2 T3 Sn (4.1-4)
P n
Pe 0
f);llk def Bn Bn I+ 2\/2 Sz (4 1 5)
PG =20, 20, ' 3 Sn '
PE n
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Great care must be taken not to confuse the spacetime vector fields B,,, W,,, S5, S&, S5 with the corresponding
constant charge directions B, W,S", $2, 8P, for these are two sets of entirely different entities.

Next, we use (2.4-13) and define the G,, matrix as follows:

%isr Ggr GBr %ZGJ' Ggr GBr
def - = | = - — }
G, = Grg %isg Gbg Grg _g(ﬁGl— + GJ_) Gbg (41 6)
Gfb ng Z\T/Esb Gfb ng g(ﬁG}— _ GJ.)
We also define the matrices Wn and V(:)VT% as follows:
WH W Wb wiE WEY L wEE o wiE
oo WT - wEer o wi Wi wiEbr
W, &k L, ; Wi g e " - (4.1-7)
W Wi LwEE o wi wibe
| w-b ] | - w2 WD wEEd wi ]
We can now significantly simplify (4.1-1) by rewriting it as follows:
I, B W, (W, W;]
- =—"[Z ]+ [G” ]+—"[I ]+ B (4.1-8)
4ta 26 T Gnl " 2 - w, w,
And:
T B G B W, W]
—= =_"[Z ]+[ " ]+—"[I |+|=" = (4.1-9)
Atx Zec T Gn Zec -1 .er Wn.
Where:
-1
1 1
def 3 def 1
T 1 and 1% 1 (41-10)
3
1

W[ =
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4.2. The Unified Spinors Fields

Next, we define the following left and right Unified Spinors Fields, representing respectively the neutrinos,
the dark quarks, the electrons, and the bright quarks:

a

$ = [(_)vﬁ (_)I" (_)gﬁ {/;1)' He; {I_J)Rp {l_})G {l_;B]T (42-1)

)

Where each of the (% is a spinor field.

We can now formulate the following Unified Dirac Equations.

i20(0,W) = MY ; Z(5,¥) =MW (4.2-2)
Where:
B,¥ & (9, + T, ¥ (4.2-3)
_(an
‘En
371
def (6')‘"'
§n g o (4.2-4)
‘6.’71
‘a.’n
311

gou! ];Elg[Hq;‘azgi[H ‘q;a’“:ef[T ]
1 1 1 —1

Where 1% —1 ; T +1

(4.2-5)

And M is some 8x8 matrix called the Mass Field, which we shall explore in the next section.
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Next, we want to investigate the way the unified Dirac equations transform under the following two general
transformations:

—

W=A" and W=AW or collectively Y=2¥ (4.2-6)

Where A(x) and A(x) are some two (possibly different) 8x8 invertible matrix fields. We shall denote the
inverse transformations by K ,1.e.

K o (K)_1 and hence ¥ = ﬁ$ (4.2-7)
Differentiating (4.2-7), we obtain:
0,% =K (0,%) + (3,A) ¥ = & (0, + K0,A) ¥ (4.2-8)
And hence:
8,9 (3, +iF,)F = A (an +i(AFK- J\aj)) v (4.2-9)

This motivates us to define the transformed connection fn, as follows:

T, = AT,A — iko,A and B, & 9, + 4T, (4.2-10)
So:
B, & (3, +4F,)¥ = A (0, + 4T,) ¥ = A(5,¥) (4.2-11)

Plugging this in the unified Dirac equations (4.2-2), we obtain:

Aiz? (0,%) =MAW ; Rizd (5,%)=MIAW (4.2-12)
Multiplying these equations, respectively, from the left by A and A, we conclude that:

%0 (Egi;p) = (AMa) Yo, 4% (ﬁﬁ’) = (Am12) p (4.2-13)

Or, using the relation (I_\’MT(/:\) = (X*MK*)T:

~

50 (‘Eﬁ) - (KMX)@’ - (ﬁﬁ) = (XTMKT)T$ (4.2-14)
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Comparing (4.2-14) to (4.2-2), we conclude that in order for the unified Dirac equations to be invariant under
the transformations K, we must have:

AMA = ATMAT (4.2-15)
This suggests we restrict ourselves to unitary transformations. i.e., transformations satisfying:

A=At orequivalently At =A (4.2-16)

For such transformations, we can define:
M& AMA so Mt =AMTA (4.2-17)
Plugging this in (4.2-13), we finally obtain:
i (0,%) =MW ;450 (5,%) =Mt (4.2-18)

We thus conclude that the unified Dirac equations are invariant under 8x8 unitary transformations A, with
respect to the following transformation laws:

P21y (4.2-19)
T, = ATA - iAd,A and G, & a, + T, (4.2-20)
M & AMA (4.2-21)

The set of all such transformations is usually referred to as U(8).
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¥
With the help of the unified spinors field ¥, we can now define the Multi-Gen Spinors Field P, |, where
¥,
“Multi-Gen” stands for multi-generations, and W, W,, W, are, respectively, the unified spinors fields
associated with each of the three known generations of fermions.

The corresponding Multi-Gen Dirac Equations are given by:

(@1 M, $1 $1 _ML ¢1
i208, W, =[ M,, ] w,| ;420G |W,|= M, W, (4.2-22)
(¢3 M33 ¢3 $3 B M;3 (@3
Where:
(‘T')l (Fn iFl
B, |P, (2| 0, +4 T, Wy, (4.2-23)
‘P3 rn_ lP3

Since experimental evidence suggests that the fermions we measure are actually linear combinations of the
three generations, we define the Mixed Spinors Field as follows:

¥, ¥,
<li,—>2 o G $2 s GG l=gt (4.2-24)
¥, ¥

Where G is some constant 24x24 unitary matrix, which represents the mixing of the various generations.
With the help of G, we defined the Mixed Mass Field and Mixed Connections Fields as follows:

M & G M,, G and Y,¥G T, G (4.2-25)
M;; T,
This allows us to write the Mixed Dirac Equations as:
tijl ¢>1 ¢>1 iijl
200w, | =M|w,| ;  4Z00s|w,|= M|y, (4.2-26)
Where:
¥, v, v,

8, |W, | & 0,|W, |+ Y, |W, (4.2-27)
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4.3. The Unified Mass Field

The transformation law of M described in (4.2-21) suggests that the mass matrix is actually a matrix field. That
is to say, since the transformations matrices A are fields, then so must M be.

We also would like M to be diagonalizable. That is to say, we assume there exist some Mass Diagonalizing
Unitary Transformations K, such that:

1\
Ml
— = 2\
M\eama=(" Mo (4.3-1)

8\
M8
Where the backslash sign in M\ denotes a diagonal matrix, and MZ\ is the n™" element in the diagonal.

This diagonalization requirement comes from the need to uncouple the unified Dirac equations (4.2-2) into
eight different equations for eight different particles, each with its own distinctive mass term given by the

corresponding diagonal element Mi\, s Mg\.

Also, since the fields M}\, ...,Mg\ have to function as mass terms, they must be strictly positive. This means
that there exist some eight fields A1, ..., A8, such that:

MM =M where A =ln (MZ\) (4.3-2)

Or in matrix form:

2
M\ = e where 24| 42 o (4.3-3)

Hence, the most general form of M is given by:

M = AM\A = Ae*A (4.3-4)
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Next, we make the simplifying assumption that the fields A1, ..., 28 can all be expressed as simple linear
functions of a more fundamental scalar field ¢, as follows:

(@) =¢+ty so Ap)=Ip+7¢ (4.3-5)
Where #1, ..., £§ are some eight coefficients.

With this, we can rewrite (4.3-4) as follows:

M(¢) = Aer@® A (4.3-6)
In particular, we have:
M(0) = AeA @R = Am\A (4.3-7)
Where we define:
fl
e 1
m\ & eA0) = of — o't (4.3-8)

We shall refer to the constant matrix m\ as the Fermions Mass Matrix.

With the help of m\, we can rewrite (4.3-6) as follows:

M(¢p) = NeAD—E+ER — NlOH R = Nelbofh = Ad\m\A (4.3-9)
Where we define:
®\(¢p) & e!? = [e? where I is the 8x8 identity matrix (4.3-10)
This implies that:
®\(0) =1 (4.3-11)
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Using the identity AA = I, we notice that we can rewrite (4.3-9) as follows:

M(¢) = A@\m\A = (A®\A) (Am'A) = @7 (4.3-12)
Where we define:
® © AD\A and & Am\A (4.3-13)

On the other hand, since @\ and m\ are diagonal, we have ®\m\ = m\®\, and so we can also write:

M(¢) = Aim\@\A = (Am'\A) (A@\A) = nd (4.3-14)
Where:
e Am\A (4.3-15)
This allows us to rewrite the unified Dirac equations (4.2-2) as follows:
i20(5,%) = med¥ ; iZ0(5;¥) = mfetw (4.3-16)
We shall refer to @ as the Higgs Matrix Field.

Notice that for the identity transformations A = I, (4.3-16) becomes:

i20(8,9) = m\@\(p)¥ ; 42°(5,¥) = m\@\ ()W (4.3-17)
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Next, we want to define the o,, operation for the Higgs matrix field, such that we have:
B, @ = (T, ®)A (4.3-18)
We, therefore, begin by setting & & Kdﬁ, and compute 9, ® as follows:

Op = 0, (A@A) = A(3,@)A + (0,4) @A + A (0,1)

(4.3-19)
=1 (0,@ + (10,1) @ + @ (3,A) A) A
However, since A = A~ we have A/ = I, and hence:
A8, 7 = 8, (AN) = (8,1) A = 8,1 = (0,1) A = — (3,4) A (4.3-20)
Plugging this back in (4.3-19), we conclude that:
0, = 1(0,® — (0,1) A® + @ (9,A) A) A (4.3-21)
This motivates us to define o, ® as follows:
0,® & 9,® + i(T,® — ®T,) (4.3-22)
To verify that (4.3-18) indeed holds, we use (4.3-21) to compute c1,, @ as follows:
1, 0, + i (T, & — T,
=1 (0,® — (0,0) A@ + @ (9,4) A) A + 4 (T, & — &T,) (4.3-23)
=2 (ancp —(3,1)A® + @ (3,A) & + i (AT, dA — chfnz_\’)) a
Substituting & A®A and rearranging terms, we conclude that:
t,d =1 (anq: +i (AT, A +4(0,1) A) @ — i (AT, A + 4 (3,A) X)) A (4.3-24)

—

However, by (4.2-20) we have AT, A +4 (8,A)A = T, ,and AT, A + 4 9,A)A = T, so indeed we have:
y n n

1y = A (3,® + 4(T, @ — @) ) A = A(T,®)A (4.3-25)
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4.4. The Unified Lagrangian

We are now in a position to construct the following Single Generation Unified Lagrangian.

{_— =) (GPt) = 5 G5 T) - G 1)\
L

+0 - (29T5W — MP) + P - ({205, % — M) (4.4-1)
+(@°H)" - (@sH) — (HTH - 2mf1) - (HTH - Im21)
Where:

X Y & Trace(XY) (4.4-2)
BT & 0T, — 0Ty, + (T Ty — Ty ) (4.4-3)
glnpml e gn gmﬂﬁ’[af)ﬁ] where g™™ is the spacetime metric with signature + — — — (4.4-4)
8,9 « (0, + T, )P (4.4-5)
P [y, ..., 0g] where P, < il y° (4.4-6)
M = Am\®\A (see (4.3-12)) (4.4-7)
o,H & 9,H+i(I,H—HT,); H% %mhcb ; my, & Higgs mass ~ 125GeV. (4.4-8)
I is the 8% 8 identity matrix. (4.4-9)
k&< %es (Computed later on in (4.5-33)) (4.4-10)

To obtain the multi-generation Lagrangian that describes the interactions of all three generations of fermions,
one has to simply replace the unified spinors field ¥ with the mixed spinors field defined in (4.2-24) and use
(4.2-25) to (4.2-27) accordingly.

We still have to repay our debt regarding the values of the various coupling constants appearing in (4.1-1), as
well as the constant k, appearing in (4.4-10). We also want to compute all the gauge bosons' masses.

However, before we do all that, we need to establish the unified Lagrangian invariance under unitary
transformations of the type presented in (4.2-6).
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To establish this invariance, we first want to use (4.2-10) to show that:

ﬁ[ni‘_’m] =A( ﬁ[nfm])ﬁ where (I;‘)n et Kfnﬁ - J\’aj and T, & 8, + /i(f')n (4.4-11)

ST a[n ]”F[n m]

—

= 0 (KT A — iR0,A) + 4 (KT}, A — iK0},A) (KT, A — iR, )

- e = e - (4.4-12)
( A(9pTon))A + (0 K)EpyA + AT, (an]A)w
b (KT, K — K0y, ) (AT, - 0,0 K))
We also recall that AA = I and hence Ad,,A am( ) (3,nX)A = —(8,,K)A. This implies that:
AT,A — iRo A = AT, A + i(8,A)A (4.4-13)
And hence:
(KT,A — iK0},A) (AT, A — K0, A) = (AT}, A + i(3, K)A) (A T,y A — iK0,,A)
(4.4-14)
= KH[n(Fm]I_\ + (a[nx) (am]l_\) -1 (K ﬁnam]x - (a[nK)Fm]K)
Plugging (4.4-14) in (4.4-12), we obtain:
A(0pTom)A + (0, K )Ty + AT, (0,)
L —i(9,, ) (9,,A) — K (0,0, A
B (Ty) = (00 () =8 (2001 1) (4.4-15)

+¢XF[nHm]K+4:(a oK) (0,A)
+A T8, A — (0, A)F

Since AT}, (anﬁ) =—AT, (am]T\’), and 9(, 0, = 0,0 — Iy = 0, we conclude that all the colored
terms in (4.4-15) cancel out, and we are left with:

BTy = A0l + 4 T Ty )A = A( G L) A (4.4-16)
We also recall that by (4.2-9), (4.3-6), and (4.3-18), we have:

~
>

D{‘F =AS,¥ and M= AMA  and o, ® = K(D,ﬂﬂi (4.4-17)

Page 47


https://doi.org/10.20944/preprints202105.0676.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2021 d0i:10.20944/preprints202105.0676.v1

We now define the transformed Lagrangian £ as follows:

_16171'0( (’;H[&_#]) ( st ]) B 1617:6! (g_)[a_)”]> ( ﬁ[aﬁm)

L 4 (i2%5,% — MW) + g (1295,% — M) (4.4-18)

+(@°H)" - (98) — (A'H - Im?1) - (AR - Im2D)

Using (4.4-16), and the fact that A - B & Trace(AB) = Trace(BA) = B - A, we conclude that:

(3*[ rﬂl) (45T, ) = Trace (K (£5°T41) AR (4557, ) A)

(4.4-19)
= Trace ((§5°1) (55,7, ) A4) = (3514 - (515
And likewise:
(;;[afu]) . (25[6 ]) (k—>[5ru]) ( A5, ﬁu]) (4.4-20)
Using (4.4-17), we see that:
- (4298,% - MW) = WA - (A(4295,7) - (AMA) A¥)
(4.4-21)
= ¥ (A(i235, ) — MW)
And likewise:
¥ - (4598,% - MV) = ¥ (4£95,% - M¥) (4.4-22)

Finally, recalling that by (4.4-8) we have H & —8mhcl>, and by (4.4-17) o1,,® = K(an)X, we obtain:

(2°R)" - (8,H) — (AR - 2m21) - (AR - Im?1)

(4.4-23)
— (=5t _ _ 120\, _1 2
= (0®H)" - (osH) (HTH thn) (HTH thn)
Substituting all these results back in (4.4-18), we conclude that indeed:
L=L (4.4-24)

Hence, we have managed to show that the unified Lagrangian is invariant under all U(8) transformations.
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4.5. The Coupling Constants

Our next task is to compute the coupling coefficients 6, k, 7?1, kz,E,‘la. The values of these constants can be
deduced from the form the Lagrangian must obtain. Specifically, quantum field theory tells us that the
Lagrangian of any Chargeless Gauge Field P,, with mass m must have the form:

1 1 def
—Z(G[SP“])(GWP”]) + EmZP(gPS Where a[IP]] = alpl — 3] Pi (45'1)

Notice that since this field represents a chargeless particle, it has no interaction terms. On the other hand, if
the particle is charged, then it can interact with some external potential field P,,, and we now have to promote
the field to a complex gauge field, denoted by X,,, and use the following Proca Lagrangian:

_ _1ra[6 ; Syul\* ; * 38
L= —2(91XH + ik, PLOXM) (95X, + ikyPsX,) + m?X5X
(4.5-2)
Where k,, is some coupling coefficient.

Now, the bosons periodic table (3.3-7) tells us that potential bosons occupying the diagonal cells are all
chargeless since they are the product of the annihilation of a particle and its anti-particle, and hence their
unified charge vectors vanish. Therefore, we conclude that the field equations for the potential fields
B,, W,,, G&, G5, must all be of the form (4.5-1).

On the other hand, all the off-diagonal bosons in the bosons periodic table are charged, i.e., their unified charge
vectors do not vanish. Hence, we conclude that the Lagrangian terms of all these fields must be of the form
(4.5-2).

To make sure that this is indeed the case, we need to expand the following term, appearing in the unified
Lagrangian (4.4-1):

_ 1 (k50w )t (k5l0%u . ]
16ma (3 r ) ( D[5 ]) 16mTQ (2 r ) ( D[Sru]) (4-5 3)
Or equivalently:
1 k‘—[(sl"ﬂ] kl:‘[5 ul k—»[é'rﬂ] k|:|[5 ul (4 . 4)
4\ 3v4na 3V4na 2Vana 2Vara .

In fact, to ensure (4.5-1) and (4.5-2), we can safely ignore the interaction terms and focus our attention on the
following simplified expression:

1<ka[5ﬁtl> ka[5F (ka[af“]> ka5, 455)
4\ 3V4na 3v4n 2V4na 2\4na '
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So, our task is to show that when we express (4.5-5) in terms of its constituent fields, we get for the potential
bosons the following terms:

1[  (8°BH)(9;5B,) + (8"°WH)(9;5W,,)

4 4 (a[SG#]) (a 6GJ_) + (a[dGu]) (6[5(} ) (4.5-6)

And for the charged bosons:

Z (07685) (31s6) + 0, (91w, ) (W) + (01 (915 W5) w
xy 45-7
\ Z ( a[SW#] (6[5le—]a) + (a [SWE\]—;C) (s War™) + (a[‘swféc) (a[aw;f]ee)) / 0

1

To proceed with this computation, we recall that by (4.1-8) and (4.1-9), we have:

-

b _ ﬂ[z ] + [6n + %[I ] w, W (4.5-8)
dna 2810 L0 Gl 2010 1T |- '
And:
f‘)n I (G, By 11 -?n er
=— — 2 4.5-9
AT Bl RO o R W W, (4.59)
Where by (4.1-10):
-1
1 1
def 3 def 1
3
1 1
3
And by (4.1-6) and (4.1-7):
%Esr Ggr GBI‘ %EGJ' Ggr GBI‘
G, & Gfg %Esg GBg = Gfg _g(\@G'— +GY) GBg (4.5-11)
Gfb ng %Zsb GFb ng (\/EG'_ _ GJ_)
WA W Wb x WEY  LwEY o wiE
= o w = ewE L wy W b
Wn = k1 W_g H W-,? = +eg +7g + iBg (45-12)
W % wi W
w;P WED L wED L wEE ik
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It also proves enormously helpful to realize the following useful identities:

T-1% Trace(ZI) = Trace(T) =0 (4.5-13)
T-T=Trace(TT) =1+ ,+;+,=3 (4.5-14)
I'1=Trace(I) =4 (4.5-15)

T G,=1G, =T W,=1W, =G, W, =0 (4.5-16)

In other words, we can say that the matrices ¥,1, G,,, and W,,, are orthogonal to each other (i.e., their dot
product vanishes). These orthogonality identities prevent the different fields from “clashing” with each other
when we perform the dot products in (4.5-5). Hence, we can focus on the following surviving terms:

For the B field, we have:

olBH 1 OBy [z 2
(o [T 2l) (56215 )= s 0piem) @517
And:
lBH 1 OBy 11 6
B ) ) Semas) e
And for the gluons:
alogul 015Gy
[ [6G”]] [ ' a[aGu]] =2(01°6")) - (015G
(4.5-19)
= 2 (9156) (2,56) + 5 (31°6!) (3ps6ly) + 40k . (915620) (21,65
Xy
For the W, fields, we have:
a[(SWH] 6[5 ul I 2 [S\Ara]
5. [ —1] [ ] =¥(a wH)(9,5W,) (4.5-20)
And:
(4.5-21)
e glowi] [a 3 s W - - - -
[6 ‘(:)/V d ‘(:)N+] [5 u] [5(:)#] =2(6[5V~V"])-(6[5Wu])+2(6[5WE])-(6[5W+)
oBWH WM |8, Wy 9sW,,

= 8(,)" (2WH)(@sWyh) + 4(K,)" ) (9PWHL) (agsWiF) + 4(Es) Z (atsw, ) (a,sW,i™)
Cc
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Putting it all together, we conclude that:

_2 [6gul 2 [6ywul

302 (6 B )(6[5Bu])+?(a w )(a[é‘wu])
C S

+ g (a[aGu]) (85G) + 8 (0[5(;&]) (015G

+(k2)24z 6[5(3“] a[5GZj‘)

_<k6[5F“]> (k% “l)=lk_ (4.5-22)
*\3ana ) \3v4 +o +8(,)” (6[5Wi‘])(a[a )
— 2
+(l) 42 CRUSICAY
+(ks) 42 (W) (0,sW,1)
And:
8 yisgul
_z(a B4)(915By;)
8 ]
(00 auh) + S (06 95)
+(k 242 6[50”] a G
_(ka[éru]> (ka[a ])_}k_ - [6 u]) (4.5-23)
4\2vana) \2vama) 44 +8(%,)° (a[Swﬁl)(aw W) '
- 2 -
+(k) 4Z(awwﬁ%) (0WiiF)
+(ks3) 42 (aBwh,) (asW,i™)
Xy
So, for the chargeless fields B,,, W,,, G5, and G}, we must have:
1(k? 2 k% 8
_<?39§ 7 392> (91°BH)(0;5B,y) = —(3[53”])(5[53 ) (4.5-24)
And
1(k? [Sya7u] 1 [6ywul
i\9%z (0P wH)(05Wyy) = 7 (010 WH) (315 W) (4.5-25)
And
1/k* k?\8 1
(553000 Gsc) = (09 G (4520
And
1(k? k?\8 1
(5 + 5 )5 0eet) (o) =5 (0°6) (sci) @521)
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Likewise, for the charged fields G, W;¥, W;*<, and W, we must have:

4\ 9 " 4 )V? xyJ\"18

And

(50 5 @) sterwa @) = 3 oW aysm)
And

%(%Z(El)z+%2(E1)2)4(a[5w£%)(a[5 1) = 2 (010w (o, W)
And

lk_z‘— 2 k_z—’ 2 817k +Xy 517k +Xy
(5 00"+ 5 )4 (00we) (0w ) = 3 (00 w2) (0w ®)

From (4.5-24), we conclude that:

1(k? 2 +k28 1
4\ 9302 4302) 4

From (4.5-25), we conclude that:

1k22 1

ez 2_ 202 _
so k —265 and hence k =

4962 4

]

so k?= —92

Solving (4.5-32) and (4.5-33) for 62, we conclude that:

27 9 a3
55 (1=03) =203 so, 0F £ sin’6 = — ~ 023077 ~ 0.23105(1 ~ 0.0012)

20

1) = 3(076) (2ue3)

Np

d0i:10.20944/preprints202105.0676.v1

27 2
__0(1_65)

3
05

(4.5-28)

(4.5-29)

(4.5-30)

(4.5-31)

(4.5-32)

(4.5-33)

(4.5-34)

This is a genuine moment of eureka! Given that the experimentally measured value of sin?0 at 91.2 GeV/c is
0.23120 + 0.00015, we see that our prediction is only 0.12% lower than the lowest measured value, which
makes perfect sense since sin?0 decreases as energy increases.

Plugging this result back in (4.5-33), we conclude that:

k2

27

9

26
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Continuing with (4.5-26) and (4.5-27), we conclude that:

1/k* k?\8 1 3,1 1I\Y 27
—_ — —_— = - 2:—— _— = — 4.5_36
4(9+4>3 i 8<9+4> 26 (4.5-36)

The agreement between (4.5-35) and (4.5-36) is an important nontrivial confirmation of internal consistency.
From (4.5-28), we conclude that:

k? k2 T = 1 2
I\t )4 =5 so ky= ﬁ =75 (4.5-37)
2k (5 +3)

Using (4.5-29), and the fact that experimentally E4 = 0, we conclude that:

1 - 2
< (k4) X (k4) ) = so k,= vz (4.5-38)
20,
Using (4.5-30), and speculating that El = 0, we conclude that:
«— 1
< (i)’ L (kl) ) 0 ki =g (4.5-39)
S
Using (4.5-31), and speculating that E3 = 0, we conclude that:
! kZ(T)2+k2§)2 4=1 k= 4.5-40
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Now that we have worked out all the coupling constants, we can rewrite (4.5-11) and (4.5-12) as follows:

N2 (2 ) V2 gr V2 ~br
5 = (26) N Nea
G, =2 VZarg V2 (1ap 1 VZ,.bg (4.5-41)
26 —3(\/—5G 26 ) 156
V2 b V2 ~gb V2(1ar 1)
70 70 (565 - #6)
Ewi Wif\} Wig\’ WiBV
W+r W+g W+B 2 n B
— 1w L1 wEer DwE wE wibr
n = 0. w8 ’ WTT:G_ +eg g 2yt tbg (45-42)
S| W s |w w SWr W,
i/ wEeb  wEh  pyEeb w/z_fw;l_t
W, =0; W (4.5-43)

It is important to understand that (4.5-43) simply implies there exists a unitary transformation of the fn fields

in which the Higgs matrix obtains the diagonal form (4.3-10), and in which the Wn and \/t\l)fl—r term vanish. As
a geometric analogy, we can consider a flat space, for which there exists a coordinates-transformation in which
the geometric connection field I’ vanishes everywhere. However, this is not the case in all coordinates-systems

since T does not transform like a tensor. The same applies to the W,, and W, fields in T',. That is to say, while
it can be made to vanish in the diagonal frame (4.3-10), it may not vanish in all other frames. However, this is
perfectly fine since, as we have seen, the unified Lagrangian is invariant under all unitary transformations.
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4.6. The Gauge Bosons Masses

Next, we want to work out the masses of all the gauge bosons by expending the product (EI‘SH)T - (osH)
appearing in (4.4-1).

By (4.4-8) we have H &f %mhcb, so, when we transform to the diagonal form of the Higgs field, which

according to (4.3-10) is given by Ie®, we get:
H = m,e?l (4.6-1)
This, in turn, implies that:

(@°H)"- (OsH) = mPl(10%e% — ie? (10 — %)) - (105e® + ie? (T; — T5))

(4.6-2)
1 21,5 = = =
= (1 D(mya°e?)(mpdse?) + (mye?®) (1% —T°) - (Ts — I)
We now define:
def ¢ _ ¢ — 1 -
h & 2mp(e?—1) so mye® =my,+:h (4.6-3)
Plugging this back in (4.6-2) and using I - I = 8, we conclude that:
(@°H)"- @sH) = 2(3%h)@sh) + (mf + myh +2h2) (1% T9) - (T - Ty)
8 2 5 h T h" ) s 1s
(4.6-4)
1 1 15 = = = 15 = = =
= 1(a%n)(@sh) + thh +202) Y10 —T9)- (T, - raj) +lnﬁz(l‘5 —T9) - (T — D
Gauge-Higgs interactions terms. Gauge bosons mass terms.
Hence, to obtain the masses of all gauge bosons, we need to investigate the term:
mi (18 —T9) - (T5 — Ty) (4.6-5)
Or, equivalently:
% —Tr% (T;-T
wamg ( ) . < 8 6) (4.6-6)
Vana Véara
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To compute (4.6-6), we make use of (4.5-8) and (4.5-9), according to which:

Ihn  Bnrx [Gn ] Wy, 11 w, Wi
_2n _n on 4.6-7
4nta 26c [ z] * Gn * 26s [ _I] ¥ Wy? Wn ( )
And (since by (4.5-43) W, = 0; W2 = 0):
T, Banrz Gy, ] By (1
—_n _ 4.6-8
Atx 29C [ ‘I] + [ Gn + ZGC [ —I] ( )
This implies that:
= =1 1 1 — —
L (CALRE= e (4.6-9)
Vara (2w, — 1B )1 W- W '
20, 20, " Wn Wy
We also recall that by (2.3-9) we have B,, = 6.A,, — 6,Z,, and W,, = 6,A,, + 6.Z,, SO:
1 1 1,6 0 Z
W _Lg :_(_c _S>Z —_n 4.6-10
20, ™ 20, " 2\e + 0./ ™ 20,04 ( )

This allows us to rewrite (4.6-9) as follows:

Zn
r,-T, |[20.6, W W;] (4.6-11)
T 7 — = 07
4ma _Zene I W, W,
cYs
Where by (4.5-42):
V2wt wEY  wEE wEbv
W+r W+g W+B 2 n - _
1w 1 |wE O DwE owEE wE
wnze—s W_g 5 Wﬁ:e—S Wiég Wifg \/Ewi WiEg (46'12)
wb 2"
Wi i i V2t
| 2 n |
This implies that:
1
8
@(Z Zs)
¢ (4.6-13)

(W - r5> (Fa —F6> 4
4na dma ) 65| + WOW} + Z Wo W + Z (AN TTARS
c X,y
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Plugging this in (4.6-6), we conclude that:
(4.6-14)

( Vara 2
my

7°7.
2<r5—r5 T, — Ty 9695> (72)
wamy . = 5
Vina ) ( dma > Vana . <
+ (mh 5 > wWiwy + z WoW5€ + z W2 5wy
S
c X,y

Our first observation regards the absence of the electromagnetic and gluon fields in (4.6-14). This implies that
the photon and gluons are massless, as expected. Notice that this is a prediction of the model, rather than a
presupposition.

Our next prediction is the relation between the masses of the Z boson and the Higgs:

4nta 1 4m m?
and hence — =

= Th 4.6-15
0.0, a  02062m2 ( )

m; =my

Let us plug in the numbers and see if we get a reasonable value for the fine structure coefficient a. By (4.5-34)

we have:
92 = 3 and hence 8?2 =1—02% = 10 (4.6-16)
S 13 ¢ S 13
We also know from measurements that:
2 2
mj  (125.35)
— (4.6-17)
m2  (91.18)
Plugging these numbers into (4.6-15), we conclude that:
1 1313 (125.35)2
— =4 (12535)° ~ 133.8 (4.6-18)

2 37107 (91.18)2

This is a sensible result, considering the fact that the measured value of% runs between 127 and 137 depending
on the energy used. It is also worth mentioning that the unified Lagrangian is not making use of a so-called
“Higgs vacuum expectation energy”, which is usually denoted by v and is given the value v/2 - 180 GeV'.
Realizing that 2m,;, = v(1 — 0.015), we speculate that v £ 2m,,. This allows us to eliminate v from the

unified Lagrangian. However, if this speculation turns out to be wrong, one can always introduce v back into
the Lagrangian and thus obtain full consistency with the traditional form of the standard model Lagrangian.

Finally, we conclude that the mass of all the charged bosons W, W€, and W,i—”?y is the same, and is equal to:

+ a ’13 i
+ _ ~ 125. ~ (4.6-19)
my, = my, 6. 5.35 31338 80[GeV]
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4.7. The Higgs Boson

In this section, we consider the Higgs scalar field resulting from the following Lagrangian terms:

—

(@°H)" (0,H) - (HTH - im21) - (HTH - 2m?1) - ¥ - MW - & - M (4.7-1)

Working in the Higgs diagonal frame, we use (4.3-9), (4.3-10), (4.4-8), and (4.6-3) to write:

H &ty @ = Smye?l =2 (my +3h) 1 (4.7-2)
This implies that:
M=m\le? =m\I(1+ ) (4.7-3)
And:
H'H = (m, + %h)z 1= (mf +myh+3h?)1 (4.7-4)

Using the fact that T - T = 8, we see that:

(H'H = Imf1) - (HTH = m?1) = (muh + 2h?) (31-21) (myh + 1h) (4.7-5)

2
1 L2\ 1. 22,1 34114
_E(mhh+Zh) = -mph® +-myh” + —h

We also recall that, by (4.6-4), we have:

(@°H)" - (@sH) = 2(0%h)(35h) +

+m121%(f6 —1%)- (Ts — Ts)

Combining all these results, we can rewrite (4.7-1) as follows:

5(8°h)(85h) — Zmih?

1 1
——mhh3 - —h4
4 32

—((‘:P-m\_ﬁ+q:’)-m\¢)

+ (mph + 2h2) Y10 —T9) - (T - T)

h

2my,

+m121%(f6 ~T%)- (Ts = Ts)

—((‘?-m\¢+$-m\¢)

e - (4.7-6)
+ (myph +1h2) Y10 = T9) - (T - Ty)
« Higgs particle with mass my,.
« Higgs-Higgs interactions.
« Gauge-Higgs interactions.
(4.7-7)

« Fermions-Higgs interactions.

« Gauge bosons masses.

< Fermions masses.
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It is worth reiterating that the unified Lagrangian is not making use of a so-called “Higgs vacuum expectation
energy”, which is usually denoted by v and is given the value +2-180 GeV. Realizing that
2my, = v(1 — 0.015), we speculate that v & 2my,. This allows us to eliminate v from the unified Lagrangian.
However, if this speculation turns out to be wrong, one can always introduce v back into the Lagrangian and
thus obtain full consistency with the traditional form of the standard model Lagrangian.
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5. Summary

We have managed to derive the standard model (and more) from a simple unified charge vectors quantization
equation.

Using the unified charge vectors conservation law, we have deduced the bosons periodic table.
We then integrated all these results into a unified Lagrangian. Requesting invariance under left and right U(8)

transformations, we have deduced the existence of the Higgs matrix field, which in turn, allowed us to predict
the masses of all the gauge bosons.
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